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 Abstract. We present in this paper an approach to requirements specification
based on quality function deployment (QFD). We discuss how techniques like
QFD with accompanying tool-support can contribute to the development of
high quality requirements models that are the basis for information systems that
are perceived as valuable by the stakeholders of the systems. Based on the
practical application of this technique on a number of  information systems
projects, including both traditional development projects and the
implementation of packaged solutions,  it is our experience that the quality of
requirements specifications can be improved by using this technique, in
particular when used together with groupware tools supporting the overall
process. Especially, what we term semantic,  pragmatic, and social quality  are
often affected positively. On the other hand, the QFD-technique is not sufficient
alone, but needs to be combined with other RE-techniques such as prototyping,
observations, and more traditional conceptual modeling to be able to cover and
analyze all types of systems requirements.   

1 Introduction

Information systems development is a group activity, needing the input of many
people to result in innovative systems that truly support the needs of the stakeholders.
Software  requirements can be classified into three categories: Normal, exciting and
expected .
1. Normal Requirements are what the stakeholders communicate during traditional

facilitated sessions  or in interviews. They cover the base functionality of the
application. These requirement contribute proportionally to customer satisfaction
and expectations.

2. Exciting Requirements are aspects which the users do not expect. Often exciting
requirements involve innovation of the business process or new ways of handling
functionality. Stakeholder satisfaction with the application can be dramatically
improved through the implementation of a few exciting requirements.  Failure to
implement these requirements do not adversely affect overall satisfaction. Exciting
requirements can be identified through a number of techniques.  These include:
observation, brainstorming, affinity analysis, relations diagramming and causal
loop diagramming.
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3. Expected Requirement are those aspects that the users assume the developers
already know. Missing an expected requirement represents the greatest risk to user
satisfaction.  There is little benefit for implementing these requirements.  However,
there is a heavy price if they are omitted.  Observation techniques represent one
approach to addressing unstated and expected requirements.  Studying the existing
system and prototyping are other techniques often used.
 According to Zultner [24], traditional software development is unfocused. In order

to satisfy the customer within the schedule and resource constraints that all projects
face, it is necessary to concentrate the best efforts on those things of greatest
importance to the stakeholders of the system. To do this requires that the project team
during requirements specification obtains the customer’s priorities for their
requirements and pass these on to the next phases. Each subsequent phase must direct
the developer’s best efforts to the high-priority items, and continue to pass the priority
information to the next phase. This involves spending the most time on, and assigning
the best people for, the matters that are most crucial in delivering the most value to
the customers. Figs. 1 and 2 illustrates these principles.

Ana
lys

is

Des
ign

Dev
elo

pm
en

t

Im
ple

men
tat

ion

Most Important Customer
Requirements

Developers' best efforts

+
+

++
+

+ +

+

++

+

+

Mediocre
software

Fig. 1. Unfocused development process.
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Fig. 2. Focused (coherent) development process

Quality Function Deployment (QFD) [24] is a method for focusing the effort and
limited resources of a project team on what delivers the best value to the most



important stakeholders.  Software QFD (SQFD) is a technique that is developed
specifically for the use of QFD-techniques in information systems development. The
technique is commercially available as part of Andersen Consulting’s Method/1 [1].
Different tool–support is available, going from simple spreadsheets to more advanced
groupware tools which enable a larger proportion of the stakeholders to participate
actively  in the process.

In the next section, we give an overview of the SQFD technique.  Then we
evaluated the technique based on experiences using it in different kinds of projects.
We have evaluated the approach on to what extent it can help in the process of
creating requirements models of high  quality.  We conclude the paper pointing to
future work as we get further practical experience with the use of the technique and
tools.

2 Overview of SQFD

QFD was first introduced  in Japan by Akao in 1966. Since 1984 a number of
companies have used QFD with cross-functional teams and concurrent engineering to
improve their products, and product or service development process [24], including
the development of software [8]. Yearly, several major international conferences are
held on the subject, see e.g. [4] for a current overview of the breath of problem areas
attacked with QFD.

SQFD [19] focuses on improving the software development process by
implementing quality improvement techniques during requirements specification.  In
order to satisfy the stakeholders under the constraints faced by a project, it is
necessary to concentrate the best efforts on those things of greatest importance. To do
this requires that the project team during  requirements specification obtains the
stakeholders' priorities for their requirements and pass this information on to the next
phases of development in a visible way.

The rest of this section describes the SQFD process defined in Method/1  [1]. The
majority of the activities associated with SQFD occur during planning and analysis
where the project’s scope and value are determined. The SQFD process is organized
around the deliverables that are displayed in Fig. 3.

The matrices to the right are similar to the House of Quality (HOQ) matrices found
in other QFD- techniques, although not including the HOQ-'roof' where it is possible
to relate different functional requirements to indicate to what extent they are
consistent or inconsistent. SQFD-deliverables are in Method/1 to be developed during
facilitated sessions. Also other kinds of conceptual models such as data, process, and
event models or alternatively object-oriented models are created as part of
requirements specification and analysis, but focus early on RE is on the goal-oriented
modeling using QFD. The SQFD process is divided into six main areas:
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Fig. 3. An SQFD Roadmap

1. Determine stakeholder types and characteristics: This activity produces the
Stakeholder Types/Stakeholder Characteristics Table and the Stakeholder
Types/Project Success Factors Matrix. These work objects identify the
stakeholders of the project, and their importance relative to the goals of the project.
The finer level of detail regarding a stakeholders type’s importance (from the
Stakeholder Types/Project Success Factors Matrix) allows the project team to
identify not only who is important, but also why. This allows the project team
members to understand any special interests that the stakeholder groups may have,
and then focus on those interests when interviewing them or involving them more
directly in the project.

2. Evaluate stakeholder inputs: The Stakeholder Input  Table (also known as the User
Voice Table)  is a technique for organizing the input collected during requirements
gathering. The business needs category of the Table contains the organizational
problems and opportunities the stakeholder want the new solution to address. The
Stakeholder Input  Table also provides initial input to data, process, or object
models, and to functional and non-functional requirements.

3. Define business needs: The stakeholders’ business needs represent problems and/or
opportunities the solution could address. These needs require thorough
examination in order to determine the structure and level of business benefits the
project can deliver.  Business Needs Affinity Diagram provides an initial view of
this structure that is further refined in the Business Needs Hierarchy

4. Assigning business needs to stakeholder types: Once the business benefits have
been structured and evaluated, the project team has to evaluate how important the
fulfillment of the business needs is to the stakeholders. The level of stakeholder



satisfaction provides means of prioritizing the business needs. Once the initial
matrix is created, the stakeholders and project team can assess the fulfillment of
each stakeholder type in the set of business needs. The assessment is made by
comparing the overall level of stakeholder fulfillment against their weighted
priority. This comparison is made by examining the sum of the judgments for the
stakeholder type against their weight. The unweighted interest is compared to the
stakeholders type’s weight to measure this stakeholder type’s interest in the
business needs. The project team is looking for a rough correlation between the
stakeholder type’s weighted and unweighted interest, meaning that important
stakeholder types should have the most interest in the set of business needs. A low
correlation between a stakeholder type’s interest in the needs listed in the matrix
and that stakeholder type’s priority can indicate a gap in the project team’s
understanding of the stakeholder type and their needs. A gap may indicate the
presence of unstated business needs that will require further investigation through
the QFD process. Another alternative is to manage the stakeholder’s expectations,
by accepting that the project’s scope will provide a limited amount of value for that
stakeholder type.

5. Align requirements to needs: The Business Needs/Functional Requirements Matrix
prioritizes the systems functional requirements based on their contribution to the
business need. The contribution is evaluated based on the project team and
stakeholders’ judgments using a 9-point scale. After the evaluation, the judgments
are weighted with the Business Needs Weights, and the results are put into a
preliminary calculation matrix. The weighted and unweighted requirements
priorities are then calculated. This identifies the functional requirements’ alignment
with the business needs. The same procedure can be used to align non-functional
and project requirements. In the case of basing the solution on a COTS-package,
we would here include one additional level, where the different COTS-candidates
would be aligned to  the identified high-value functional and non-functional
requirements as a basis for the choice of the package.

6. Managing value: Prioritizing requirements serves as a guide to the downstream
activities in the systems development process. The priorities and value define
where the project team should devote their scarce resources to doing their best
work. This involves spending the most time on, and assigning the best people for,
the matters that are most crucial in delivering the most value to the customers. It is
also found very helpful in the managing of expectations, and in reducing the
problems of scope-creep.
Fig. 4 summarizes the overall SQFD process. The rectangles symbolize processes

and the arrows are flows of data. Arrows entering the process from above indicate the
specific technique used in each step.
Traditionally, Andersen Consulting, like most other companies, has performed SQFD
in traditional  JAD sessions or asynchronous interviews, using pen and paper or
simple spreadsheets. Lately, we have also used specialized groupware tools, based on
extensions to tools such as GroupSystems from Ventana [22]. As also reported in [9]
QFD is well suited to be supported by cooperative technologies offered through
groupware. The Groupware SQFD tool consist of two main parts:

• A GroupSystems SQFD template and guidelines for use



• QFDCalc, an additional excel-based supporting tools for improved possibilities
for calculation and display of the results
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The part of  SQFD process that the application supports is illustrated in Fig.  5.
The tool is described in further detail in [2,15]. The  tool can be used both
synchronously and asynchronously, the participants being in the same or in different
places, although we have mainly used it as a meeting-room system. Other reports on
using groupware for other types of modeling and requirements specification  activities
using meeting-room systems can be found in e.g [7,17,23], using similar groupware-
tools as the one we have based our work on.
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Fig. 5.   The SQFD process as it is covered by the tools

3 Evaluation

After first presenting the evaluation framework, we evaluate the SQFD-technique
using the described tool-support.  The evaluation is  based on the experience and
feedback we have received through practical use of the technique and tool, and also
include comparisons  to related work on the area

3.1 Evaluation Framework

Krogstie, Sindre and Lindland [12,16]  have developed a framework for discussing
the quality of models such as those found in requirement’s specifications and design.
We will use this framework to assess the SQFD-technique and tool.

The framework has three unique properties:
• It distinguishes between quality goals and  means.
• Since modeling is essentially making statements in some language, it is closely
linked to linguistic and semiotic theory.
• It is based on a constructivistic world-view, recognizing that models are
usually created as part of a dialogue between the participants involved in
modeling, whose knowledge of the modeling domain changes as modeling takes
place.
The main concepts of the framework and their relationships are shown in Fig. 6. A

set theoretic approach to the discussion of the different quality aspects is taken, and
quality has been defined referring to the correspondence between statements
belonging to the following sets:

• L, the language extension, i.e. the set of all statements that are possible to
make according to the graphemes, vocabulary  and syntax of the modeling
language. An overview of the language used in our case is given in Fig 3.
• D, the domain, i.e. the set of all statements which can be stated about the

situation at hand.
• M, the externalized model, i.e. the set of all statements in someone’s model of
part of the perceived reality written in a language.
• K, the relevant explicit knowledge of the audience.
• I, the social audience interpretation, i.e. the set of statements which the
audience (i.e. those that need to understand the model) think an externalized model
contains.
• T, the technical audience interpretation, i.e. the statements in the conceptual
model as they are interpreted by the different modeling tools used.
The main quality types are indicated by solid lines between the sets, and are

described briefly below.



• Physical quality: The basic quality means on the physical level are
externalization, that the knowledge of some social actor has been externalized by
the use of a modeling language, and internalizeability, that the externalized model
is persistent and available enabling the audience to make sense of it.
• Empirical quality deals with error frequencies when a model is read or written
by different perticipants, coding (shapes of boxes) and ergonomics of computer-
human interaction for documentation and CASE-tools.
• Syntactic quality is the correspondence between the model and the language
extension of the language in which the model is written.
• Semantic quality is the correspondence between the model and the domain.
The framework contains two semantic goals: Validity which means that all
statements made in the model are correct and relevant to the problem and
completeness which means that the model contains all the statements which would
be correct and relevant about the domain. These are made more applicable by
introducing the notion of feasibility. Feasible validity means there is no invalid
statement that it is cost efficient to remove from the model. Feasible completeness
means that there are no statements in the domain, which are not included in the
model that it is cost efficient to add.
• Perceived semantic quality is the similar correspondence between the
participants interpretation of a model and his or her current knowledge of the
domain. Whereas the primary goal for semantic quality is a correspondence
between the externalized model and the domain, this correspondence can neither
be established nor checked directly. To build a model, one has to go through the
participants’ knowledge regarding the domain, and to check the model one has to
compare with the participants’ interpretation of the externalized model.
• Pragmatic quality is the correspondence between  the model and the audience’s

interpretation of it.
• Social quality: The goal defined for social quality is agreement among

participants interpretations.

Model
Externalization

M

Participant
Knowledge

K

Language Extension
L

Modeling Domain
D

Social
Audience

Interpretation
I

Pragmatic Quality

Syntactic QualitySemantic Quality

Physical Quality

Knowledge Externalizability
Appropriateness /

Participant Language
Knowledge Appropriateness

Knowledge Quality

Social Quality

Perceived
Semantic
Quality

Domain
Appropriateness

Comprehensibility
Appropriateness

Technical Actor
Interpretation

 Appropriateness

Empirical Quality

Technical
Audience

Interpretation
T

Pragmatic Quality



Fig. 6. Framework for discussing the quality of conceptual models

Language quality relates the modeling languages being used to the other sets and
knowledge quality relates participant knowledge to the domain.

The above goals are related to more concrete means, which include properties of
the model and modeling languages used, and modeling activities with accompanying
tool support that can be performed to improve the quality goal.  The overall
framework is summarized in Table 1.

Table 1.  Overview of goals and means in the quality framework

Quality
type

Goals Means
Model and language
properties

Activities and
tool-support

Physical Externalization Domain appropriateness
Participant language
knowledge appropriateness
Knowledge externalizeability
appropriateness

Meta-model
adaptation

Internalizeability Persistence
Availability

Database activities
Repository
functionality

Empirical Minimal error
frequency

Comprehensibility
appropriateness, including
expressive economy
Aesthetics

Diagram layout
Readability index

Syntactic Syntactic
correctness

Formal syntax Error prevention
Error detection
Error correction

Semantic Feasible validity
Feasible
completeness

Formal semantics
Modifiability
Analyzeability

Consistency checking
Statement insertion
Statement deletion
Driving questions
Model reuse
Model testing

Pragmatic Feasible
comprehension

Operational semantics
Executability

Inspection
Visualization
Filtering
Rephrasing
Paraphrasing
Explanation
Execution
Animation
Simulation

Perceived
semantic

Feasible perceived
validity
Feasible perceived
completeness

Variety Participant training



Social Feasible agreement Inconsistency handling Model integration
Conflict resolution

Further details on the framework can be found in [11] where several other
modeling approaches (OMT, PPP, SAMPO, Tempora) have been evaluated. The
framework was used for similar evaluation purposes in  [3].  What one is able to
evaluate in this kind of evaluation is the potential of a modeling approach to support
the creation of models such as requirements specifications of high quality. Note that
we for this purpose only use a limited part of the framework. How the framework can
be specialized for requirements specification models is discussed in [14].  In [21]
heuristics for the practical application of the framework during actual modeling
activities is presented.

3.2 Evaluation of the potential of SQFD using Groupware support

When using SQFD in the way described in this paper, we should have in mind that we
model two different although related domains: The needs for a new business solution,
and the functional and non-functional  requirements to an application system that are
to address (some of) these business needs.

Physical  Quality
The outputs of the SQFD process are externalized as goals and requirements in
several matrices and tables. GroupSystems stores information in Paradox database
files. Paradox ensures that the security, concurrency, integrity,  and recovery aspects
of the data collected during the session are supported. Using the groupware tool, the
matrices are made available in a standard format and tool. The data in the resulting
workbook can be further manipulated using Excel. The matrices and tables portray
goals and requirements, but do not show other important aspects of the proposed
solution, such as the data, objects, processes, behavior, or organizational structure.
This is similar to the limitation of other goal-oriented techniques, and the use of goal-
oriented modeling together with e.g. object-oriented analysis techniques  as suggested
by [19] can be supported since Excel-spreadsheets can be treated as standard project
repository objects in a CASE-tools. This  make it easy to store the SQFD deliverables
in a way that supports reuse.  It is also possible to add cross-references to other
models in the repository, such as data, event, process, object-oriented and
organizational models integrating SQFD with these other modeling techniques.
It should be mentioned that goal-oriented modeling languages often have a larger set
of relationships between goals [5,10,13,19],  whereas we basically have traditional
and-graphs with a positive numeric value indicating the level of fulfillment. When
adding further relationships between requirements using the roof of the HOQ-matrix,
the types of relationships are extended. The ‘roof’ is not included in  SQFD, since it
can be argued that these relationships, and the relationships between the functional
and non-functional requirements are first relevant when starting design. We look upon
this as a limitation of the technique that should be addressed.



Empirical Quality
The model types used in SQFD are well known to most people, as they are used in
organizational charts, school mathematics, and accounting. As discussed in [18] one
basic format that aid the comprehensibility of a model is the grid structure. Large
matrices will often not be possible to fit on one page, but some of the spreadsheet-
oriented tools  alleviate this problem. Compared to traditional goal-hierarchies, the
use of matrices instead of trees to depict these avoid problems of crossing lines that
would be found in goal-graphs depicting the same relationships.

Syntactic Quality
 The SQFD language as used in Method/1 has a semi-formal syntax, but the language
alone gives little support for checking the syntax in any way. There exists traceability
between business needs weights in the Business Needs to Stakeholder Types Matrix
and the business needs weights in the Business Needs to Requirements matrices. Error
detection is employed to check that values are within the allowed range. When they
are not, an error message is given, and the QFDCalc user can correct it. For example,
the priorities of the stakeholder types have to add up to 100%. GroupSystems
automatically prevents errors by ensuring that voting values are within the allowed
range.  When items are not rated, a warning is issued. Traceability can be improved
by adding numbers to the beginning of every stakeholder input. The numbering will
be kept when data are shifted between activities.

Semantic and Perceived Semantic Quality
In SQFD the validity of stakeholder input is checked by the project group performing
the SQFD techniques. The project members' ability to judge what is valid to the
project, will largely depend on their knowledge of the involved business areas and
systems development in general. SQFD addresses several areas related to knowledge
quality, e.g. the description and prioritization of all important stakeholder groups, and
the stakeholder type to business needs matrix which can further indicate the lacking
involvement of important stakeholder groups.

The validity of the resulting models can further be improved by better preparation
of participants in the SQFD process, as well as by the project group performing better
ground research before performing SQFD.  With the tool support, more flexible
updating of  the models than what is found when using manual or one-user tools are
experienced, improving the speed of updating the models when enhancing the
semantic quality. The anonymity made possible by using the groupware tool is also
often found to be beneficial for the gathering of  ideas and the voting process.

Completeness of major business needs is crucial to developing a good system. In
SQFD the affinity analysis uses a bottom-up approach for ensuring completeness. The
matrix values in the Business Needs to Requirements Matrixes can provide
information about missing business needs, by showing requirements that do not
contribute to any of the existing business needs. Or the other way around - important
business needs that do not have functional requirements to support them will force the
project group to come up with more requirements that contribute to addressing these
needs. The same matrix calculations will show what requirements are redundant.
Integrating the technique more closely with other modeling techniques should make it
possible to support such driving questions techniques even better.



Assigning priorities to business needs and requirements is generally looked upon
as important within requirements specification [6], and will help the project group to
allocate the resources sensibly, when resources are inadequate, and thereby improve
the discussion on feasible completeness.

Using QFDCalc for matrix calculations reduces the risk of computational errors
and thus improving validity of the values presented in the SQFD deliverables. Due to
the semi-formal nature of the language, it is difficult to apply more advanced forms of
consistency checking.

The group meetings that use GroupSystems are generally quite large and involve
representatives from all the business areas affected by the new and the existing
system. Allowing the stakeholder groups to communicate and reach consensus
together improves the chance of specifying a model of the system that is  perceived to
be  complete and valid to most stakeholder groups.

Pragmatic Quality
The SQFD deliverables are well organized, either in a hierarchy or in a matrix. The
format used in QFDCalc makes it easier to get an overview of the resulting matrices
than would be possible in  GroupSystems

Numeric values eases the interpretation of the results in the Stakeholder
Types/Business Needs and Business Needs/Functional Requirements matrices. Since
people are quite used to comparing numerical values, the high priority areas are easily
distinguishable. How to distinguish between requirements that get approximately the
same  value is more problematic, especially when too many decimal places are used.
No advanced comprehension-techniques, such as prototyping or execution are
possible to use

When lists, matrices, and trees are manipulated in GroupSystems, the results of an
operation are updated on all the participants' screens almost instantly. This potentially
enhances the understanding of the effects of an operation, and makes it easy to
perform changes that reflect the updates of others. The constant availability of the
area in question supported by GroupSystems is also useful to keep people on track.
The possibility to narrow the discussion down to one area, or to use expand and
collapse functionality in the business  goals hierarchy, is also found useful for
comprehension of the models. Similar filtering techniques are also supported on an
ad-hoc basis through the use of Excel.

The support of statistical calculations found in GroupSystems can be useful to
discover areas that are understood differently by different groups. For example would
a high spread (e.g. from 1 to 9) on the importance of a certain requirement to fulfill a
certain business need indicate that the different groups might interpret either the need
or the requirement differently.

Social Quality
Affinity analysis, a technique used to find natural groupings of information, is used
when structuring business needs. This group technique is used to structure or
understand a complex issue. When successful, it leads the group to getting a common
view of the structure of the problem domain.
The social quality can be greatly enhanced by the use of an electronic meeting system.
The group setting gives the participants a chance to discuss the new and the existing



system both verbally and through the use of the  SQFD language. By seeing or
hearing the ideas of others you get new perspectives and improve the chance of
reaching consensus and ownership to the result. It also make it easier to focus on
fulfilling these requirements throughout the project, and avoid scope creep through
the reintroduction of some of the favorite requirements of some of the stakeholder
groups which were dismissed using the SQFD-process.

4 Conclusion and Future Work

We have experienced that the quality of requirement specifications can be improved
using  SQFD and the accompanying tools. Especially, pragmatic, social, and semantic
quality seems to often be affected positively. There are two major aspects that
improve the pragmatic quality. First, a quick graphical user interface makes the
process of creating the SQFD deliverables easier to understand. Second, QFDCalc
displays the results in a format that is easy for the project team and the participants to
understand. Letting the different stakeholders participate in the session allows them to
discuss the involved topics and create a common understanding of the problem
domain, as well as of their needs for the new system. This enhances the social quality.
Perceived semantic quality is improved by having a system that can handle the input
of a large group of participants that come from several stakeholder groups. Being able
to hold an effective meeting with many participants greatly improves the chance of
making specifications that are perceived to be complete and valid and thus enhance
the organizations’ ownership to the requirements and the resulting system, thus in fact
making in easier to focus the main resources to fulfill the main requirements, and
avoid excessive scope creep. In this respect, SQFD has merit both as a technique for
requirements specification and for project management.

There are several improvements and additions that can be made to the framework
presented in this paper:

• Supporting additional variations of QFD.
• Better integration with other modeling-tools and techniques

Also further work in how to integrate the technique with other requirements
specification techniques such as observation and prototyping  will be pursued, to
assure that all requirements types are handled satisfactorily using one integrated
methodological framework.
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