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Abstract

The development and construction of a management information system (MIS) is a complex task. Selection of the correct require-
ments to be implemented in the MIS is a serious problem. The problem is made even more difficult by inadequate methods of require-
ments priority ranking. This paper describes instruments for distributed priority ranking of strategic preliminary requirements for MI1Ss
in organizations, profit-making or non-profit making, that are involved in the economy. The instrument consists of a metamethod that
combines several methods, each accomplishing a different subtask of the priority ranking. A Web-based tool is provided to assist the
requirements engineers in applying the instrument with a distributed group of stakeholders. The instrument and the tool are validated
as effective by their use in an effort to create requirements for the management information system for city government. The paper
reports lessons learned in this validation exercise.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction Strategic change, a particular kind of change taking

place in a business organization, is defined as “a major

1.1. Organizational strategy and ranking MIS requirements

Adapting an organization’s management systems, struc-
ture, and culture to rapidly changing requirements of the
external environment is becoming more and more critical
for organizations bound to the economy. This criticality
is even more pronounced when the organization uses the
Internet for interaction with its members and customers.
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modification of the organization’s strategy, structure, or
technique in order that it function better in the future”
[3,51,61]. Strategy constitutes one of the fundamental
instruments for managing an organization. The success of
many an organization can be traced back to a properly
developed and implemented strategy, while just as many
a failure can be traced back to errors in strategy. Require-
ments for an organization should therefore be tuned to
strategic goals,

Any modification of an organization’s goals requires
that its management information system (MIS) deliver
information that it did not deliver before. Therefore, the
selection of an MIS must be placed in the context of the
organization’s overall strategy. The MIS’s requirements
must be the consequence of this strategy and must serve
the organization’s purpose. However, the decision of which
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specific requirements te include into the constructed sys-
tems can be assessed completely only when the system
has been deployed at the customer’s site. Often, one cannot
know a requirement is right or wrong until the requirement
has been implemented. In other words, the client says,
“IKIWISH (T'll know it when I see it!)” and “IKINROW-
IS (TNl know it’s not right only when I see it!)” This
apparent putting the cart before the horse is a fundamental
difficulty in requirements engineering (RE).

On the other hand, requirements selection is often done
too late. The resulting poorly selected requirements lead
to, at best, an only marginally successful system deploy-
ment and, at worst, a complete failure. Part of the prob-
lem with these poorly selected requirements is that the
requirements used are those that happened to be found,
and they may not form a coherent MIS that is useful to
its stakeholders. Therefore, it is necessary to take time
to find as many requirements as possible, as difficult as
that may be, and to select from them a set that both
(1) forms a coherent, complete MIS and (2) includes the
requirements that are most essential to the MIS’s stake-
holders {9].

No matter when requirements are found, the initial set
of found requirements must be ranked according to their
usefulness and significance to the organization. We call this
initial set of found reguirements the preliminary require-
ments, which have been called also early requirements
[82]. Then, on the basis of this ranking, the MIS must be
implemented to meet only the most important require-
ments plus those of the rest needed to ensure the coherence
of the system containing the most important requirements
[41,43,47]. The focus of this paper is, therefore, on tech-
niques and technology to rank the preliminary require-
ments for an MIS on the basis of their priorities to the
MIS’s stakeholders.

The most important advantages of ranking MIS require-
ments by priority include:

s the possibility to focus on meeting the needs that pro-
vide the best support for the organization’s strategic
goals;

e earlier agreement on the required features of the MIS,
thus reducing the time until its deployment;

e a better functioning MIS, by having focused on critical
requirements, including usefulness, reliability, ease of
operation, and efficiency; and

o the possibility to reduce the costs of MIS construction
by minimizing outlays and by smarter allocation of the
available resources.

1.2. Weaknesses of existing ranking technology

Section 5 discusses related work in detail. However, part
of the conclusions from that related work justify and
motivate the direction of the research reported herein.
So, the conclusions are summarized here. At the time the

research reported in this paper began, an analysis of exist-
ing technology for ranking requirements by priority
showed that:

e the existing methods of requirements ranking, such as
e.g., the Hill Model and Quality-Function Deployment,
took into account the organization’s strategy only to a
limited extent [19] mainly because concern for strategy
in requirements engineering is a relatively recent
phenomenon;

most existing methods of requirements ranking took
into account only to a limited extent that decisions are
made by a group of stakeholders rather than one [23,
25,24,31,49,50,597;

e many existing methods of requirements ranking
assumed that votes of all stakcholders arc egually
important [24,31,49,50]; and

many existing computer-based tools for priority ranking
did not allow the rankers to be distributed at many loca-
tions, as had become {requent in the development of
new computer systems [31,49,50].

1.3. Godals, background, and assumptions of new method and
tools

In order to address these weaknesses, the goals of the
work reported in this paper were to develop for MISs:

1. instruments for analyzing preliminary requirements
from the viewpoints of both the MIS’s customers and
the MIS’s constructors, using technological, economic,
and organizational criteria and ensuring that the organi-
zation’s strategic goals are considered;

2. a method for ranking of preliminary requirements by a
group of stakeholders, each making use of the organiza-
tion’s strategic goals; and

3. a prototype network-resident software tool facilitating
ranking of preliminary requirements.

It was assumed that the organization has many
stakeholders and that they are distributed. Hence, the tool
should allow these many stakeholders to view, discuss,
rank, and choose requirements from a distance. The
simplest base for such a tool would be the Web. Also,
the tool should be able to work in the local language,
i.c., Polish in this case, rather than forcing everyone to
use English.

To meet these goals, we have developed a metamethod,
the Multi-Criteria Preliminary Requirements Ranking
Technique (MCPRRT), for ranking of preliminary require- -
ments for MISs. To facilitate the use of MCPRRT, we have
developed the suggested Web-based software tool enabling
distributed ranking of preliminary requirements. The tool
enables also visualization of the ranking, thereby making
it easier for stakeholders to make final decisions about
requirements for their MIS,
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1.4. Outline of the rest of this paper

Section 2 describes MCPRRT. Section 3 describes the
prototype tool that assists in carrying out MCPRRT. Sec-
tion 4 describes a case study of the application of
MCPRRT and the use of the tool in ranking requirements
for an MIS for city government. Section 5 reviews related
work. Section 6 reports lessons learned from the case study,
and Section 7 concludes the paper.

2. Methods and metamethods

MCPRRT is what can be called a metamethod. Suppose
that an activity 4 consists of subactivities a;, ..., and a,. A
metamethod for doing an activity 4 composes a variety of
methods my, ..., and m, for doing 4y, ..., and g, respec-
tively, into a methed for doing A. One of the contributions
in this paper is the metamethod MCPRRT. For all but one
of the subactivities that need to be done, MCPRRT uses
methods that are well known in the literature. These well
known methods are only briefly described and cited. In
principle, for any subactivity, any method for doing the
subactivity may be used without changing the metamethod.
Discussions about the relative merits of different methods
for doing any subactivity are out of the scope of this paper.

The metamethod MCPRRT, described in Section 2.2,
shows how to rank an organization’s preliminary require-
ments according to criteria of different and distributed
stakeholder groups, taking into account each group’s rank-
ing of criteria and the groups’ importance weights within
the organization.

There are a number of methods for producing a result
ranking given some input rankings and weights. In some
methods, the weights are applied to whole rankings, and
in other cases, the weights arc applied to the elements of
a ranking, In the former cases, the result ranking tends to
resemble the most important, and heavily weighted, rank-
ing. In the latter cases, an element’s position in the result
ranking depends on its weighted positions in the individual
input rankings.

One of MCPRRT’s subactivities is done by a method
that is new and is a contribution of this paper. The method,
called MPRAC and described in Section 2.1, is for parti-
tioning and ranking of the criteria of any group of
stakeholders.

Another of MCPRRT’s subactivities requires the use of
Saaty’s [60,78] Analytical Hierarchy Process (AHP)
[11,21,39,77]. AHP is a method of calculating a total rank-
ing from pairwise comparisons establishing for each pair
which of its elements is higher in the ranking than the
other. AITP is able to produce a total ranking provided
that the input rankings are consistent, i.e., for no two cle-
ments, ¢ and b, does the transitive closure of the pairwise
rankings establish that both rank(a)> rank(b) and
rank(b) > rank{a). The idea is that it is easier for a user
to assign a ranking pair by pair than to assign an absolute
rank to each element. In the variation of AP used in

MCPRRT, when a user is presented a pair of elements in
order for him to indicate the elements’ pair-wise ranking,
he is shown, on the screen, the elements together with 17
selection buttons laid out between the elements, as is shown
in Fig. 13 in Section 3. The numbers under the buttons are,
from left to right, “9876 5432123456789, The
meaning of “1” is that the elements of the pair have equal
rank, The meaning of the left-hand “9” is that the left-hand
element’s rank is as far above the right-hand element’s rank
as possible. The meaning of the right-hand “9” is that the
right-hand element’s rank is as far above the left-hand ele-
ment’s rank as possible. The numbers between 9 and 1
establish a graduated scale of the strength of the difference.
The preference is to use an odd-numbered difference mea-
sure, with the even numbers reserved for compromising
between two odd numbers. The standard meanings of these
difference measure numbers established by Saaty [60,78] is
given in Table 1. When a user of AHP has no ranking for a
pair, i.e., he really does not care, he should regard them as
ranked equally.

Several of MCPRRT’s subactivities require the use of
well-known caleulations on vectors of rankings, which
are described elsewhere in the literature:

1, The Weighted Sum Model (WSM) [21,53,78] In a
weighted sum, cach element of a sum is multiplied by
its weight.

2. The Technique lor Order Preference by Similarity to the
Ideal Solution (TOPSIS) [20.83] Intuitively, from
among a set of vectors, the solution vector is simulta-
neously as close as possible to the ideal solution and
far as possible from the negative ideal solution.

3. Borda Scoring [39,73]: Borda Scoring takes a set of inde-
pendent rankings of the same elements as input and pro-
duces a single aggregated ranking. Each element is
ranked in the aggregate according to the sum of its ranks
in all the input rankings.

2.1. Multi-plane requirements analysis card (MPRAC) for
MISs

The Multi-Plane  Requirements  Analysis  Card
(MPRAC) for M1ISs is an instrument that gathers the crite-
ria that will be used to evaluate each requirement from all
sources and then partitions these criteria into four planes,
each of which offers a different viewpoint of the system.

Table 1

Saaty's Pairwise Comparison Scale

Value Definition

1 Equally important

3 Slightly more important

5, Considerably more important
7 Highly more important

9 Extremely more important
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MPRAC is part of a larger activity that uses the criteria to
rank the preliminary requirements. Fig. 1 illustrates the
input information, the information flows, and the output
information of MPRAC, and it should be consulted while
reading the following description,

MPRAC is based on the Balanced Scorecard
[27,28,40,58,57,62,79,80]. Like the Balanced Scorecard,
MPRAC uses four planes: (1) business values, (2) custom-
ers, {3) internal processes, and (4) MIS development. These
four planes enable MPRAC to analyze the preliminary
requirements for an MIS, taking into consideration the
econemic, organizational, and technological aspects of
the organization. MPRAC may serve also as a tool to
improve requirements communication between different
groups of stakeholders, particularly between the managers
and the computer experts, who are known to speak differ-
ent professional languages even when they ostensibly speak
the same natural language. As with the Balanced Score-
card, each of the four MPRAC planes is built as (1) a set
of criteria and (2) measures for evaluating when these cri-
teria are met:

e The business values plane comprises criteria that mea-
sure the how well the MIS does its management
functions. d

e The customers plane comprises criteria that measure the
acceptance of the MIS by its customers,' both external
and internal;

e The internal processes plane comprises criteria to deter-
mine the MIS’s ability to support the organization’s
business processes.

* The MIS development plane comprises criteria to deter-
mine the MIS’s ability to adapt to future changes.

Grouping the criteria inte four planes enables classifying
cach preliminary requirement by both (1) its planes, con-

! The MIS’s customers are its users and are nor the customers of the
organization that owns the MIS.

MPRAC input, flow, and cutput,

taining all criteria the requirements satisfy, and (2) its over-
all significance.

Input for the criteria for any MPRAC plane comes from
the organization’s business strategy; the organization’s
strategic goals; general knowledge about the organization’s
environment; quality standards, such as the ISO 9126 [26]
standards; and laws, including market and environmental
regulations. A requirements engineer aided by major stake-
holders develops a list of the criteria for each MPRAC
plane, The stakeholders sheuld be recruited from among
(1) the top executives of the organization, (2) competent
workers from selected function areas, and (3) external
experts. Each group may contain also a person with mini-
mum or no experience to take the role of the ignorant final
customer of the MIS to help identify obvious problems
overlooked by the experts [6].

A numerical estimate of the achievement of an adopted
criterion constitutes an element of an MPRAC plane. The
following two-step procedure, based on that of Moszoro
and Obluski {45 p. 12], allows estimating the achievement
of the criteria for any plane.

1. Determine the measures relevant to the criterion. For
“example, for the criterion of cost, possible measures
are salaries, cost of equipment, cost of utilities, hours
worked, number of developers, etc.

. From among the relevant measures, select the most suit-
able measure for the criterion as determined by:

e the measure’s coverage, i.e., how completely the crite-
rion’s satisfaction is evaluated by the measure;

o the measure’s decisiveness, i.e., how well the differences
in the measure’s values reflects differences in the criteri-
on’s satisfaction;

s the measure’s sensitivity, i.e., how little overlap there
are in different measure values.

For example, among the measures for cost, the number
of developers and salaries are often very suitable, because
many of the other costs, including those of equipment
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Fig. 2. Initial state of MCPRRT.

and utilities, can be accurately estimated as a function of
the number of developers and their salaries. Of course, if
OTS components are used instead of only new code, the
measures will have to include the cost of the OTS
components.

The four planes form a partition of the criteria. That is,
each criterion is associated to one and only one plane.

2.2. Multi-criteria preliminary requirements ranking

technique ( MCPRRT) for MISs

This subsection describes the metamethod, the Multi-
Criteria Preliminary Requirements Ranking Technique
(MCPRRT), for ranking of preliminary requirements for
MISs. Fig. 2 shows the information, concepts, and players
that are involved In the entire MCPRRT, but at the
beginning before any Steps have been taken. There are
the business strategy and strategic goals, the available
knowledge about the environment, the mandated quality
standards, the four MPRAC plam:sr,2 and the stakehold-
ers. After the description of each step of MCPRRT comes
a figure showing the effect of that step, given the preced-
ing figure as input. These figures assume 10 criteria,
cl,...,cl0, with 2 or 3 criteria associated with each of
the 4 planes, BV, C, IP, and MD; 3 stakeholder groups,
SG1, SG2, and SG3; and 4 preliminary requirements,
R1,...,R4.

The MCPRRT procedure consists of three stages:

1. Stage I is gathering information about the organization
and about the MIS being developed or modified,
2. Stage II is ranking of the preliminary requirements.

* Only the four planes are shown. because the MPRAC steps described
in Section 2.1 do not get done until Step 1 of Stape 11.

¥ This fictitious running example should not be confused with the case
study that is described in Section 4.

3. Stage III is visualizing the ranking and choosing require-
ments to implement based on the ranking.

2.2.1. Stage I
Stage I consists of the following three steps:

1. identification of the groups of stakeholders,
2. clicitation of preliminary requirements for the MIS, and
3. assignment of a weight to each group of stakeholders.

The identification of stakeholder groups aflects the
entire construction of an MIS. MCPRRT uses Sharp, Fin-

kelstein, and Galal's stakeholder identification technique
{70], which begins by determining the boundaries of the
MIS being built or modified. The requirements engineer
starts the process of stakeholder group identification by
determining whether the usual set of basic stakeholder
groups, users, developers, and decision makers is sufficient
for the MIS to be constructed, whether the set should be
reduced, and whether the set should be extended to include
additional groups of stakeholders. Then, as suggested in
Tig. 3, customer, supplier, and satellite stakeholders should
be identified for each basic stakeholder group. For exam-
ple, Table 2 in Section 4 shows the customer, supplier,
and satellite stakcholders for each of the bascline stake-
holder groups of the case study of Section 4.

Fig. 4 shows the results of Step 1. The stakeholders have
been divided into 3 groups, 5G1, SG2, and 5G3, and one rep-
resentative, illustrated asa black dot, has been appointed for
each group. The diagram of Fig. 4 illustrates a case in which
there is one representative for each stakeholder group, butin
practice, there may be more than one representative for a
group. When there are more than one representative in a
group, the representatives of the group must reach a consen-
sus, so that they speak with one voice. Of course, reaching a
consensus may be difficult, but that difficulty is the subject of
other negotiation methods, such as Win-Win [8,7].

Step 2's elicitation of preliminary requirements for the
MIS is done by any of a variety of methods, such as i*
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(82] or those described by Coughlan and Robert [13]. Fig. 5
shows the results of this step. The stakeholder representa-
tives have used the available knowledge to generate a list
of 4 preliminary requirements, R1, R2, R3, and R4.
Assigning weights to the groups of stakeholders is the
last step of Stage I of MCPRRT. The primary aim of
weighting stakcholder groups is to ensure that data
received from any stakeholder group reflect the group’s
weight in the organization by any criterion upon which
the stakeholders agree. The expert method is used for this
weighting [74]. Note that a group’s weighting need not
match the group’s official importance based on its position
in the organizational hierarchy. The experts may decide

Table 2
Identification of stakeholder groups in case study
Baseline Customer Supplier Satellite
stakeholder group  stakeholder stakeholder stakeholder
User Media Legislator Citizens
(Sgjm?)
Non-profit
organjzations
Entrepreneurs
Investor
Other publiz
units
Designer Citizens Legislator City Hall
(Sejm) workers
MIS
administrators
Decision maker Media Legislator Citizens
(Sejm) Non-profit
organizations
Entreprencurs
Investor
Other public
units

* The Sejm and the Senate are the two houses of the Polish Nationa]
Parliament,

963

that more informal factors count more in determining a
group’s weight.

If the requirements engineer decides not to weight stake-
holder groups, then the input from each stakeholder group
is considered of equal importance. Fig. 6 shows the results
of this final step of Stage I. The weight of a stakeholder
group is represented by what appears like a little weight
for & balance scale, with the heaviness of a weight being
proportional to its darkness. Thus 5G2 is weighted the
most and SG3 is weighted the least.

2.2.2. Stage II
Stage I consists of the following six steps:

1. identifying the criteria shared by all stakeholder groups
for each MPRAC plane,

2. for each stakeholder group, assigning a weight to each
criterion,

3. for each stakeholder group, using the shared criteria
with the group’s weightings for the criteria, ranking
the preliminary requirements four times, once for each
plane,

4. for each stakeholder group, assigning a weight to each
MPRAC plane,

5. for each stakeholder group, calculating an aggregated
ranking of all preliminary requirements, based on the
stakeholder group’s weighting of the MPRAC planes,
and

6. forall stakeholder groups, calculating a shared aggregated
ranking of all preliminary requirements.

Step 1 of Stage II is the identification of the eriteris
shared by all stakehoider groups for each MPRAC plane.
Since the planes constitute a partition of the criteria, each
criterion is associated with precisely one plane. This criteria
identification is one of the most important activities in
MCPRRT, becausc the criteria form an evaluation scheme
for the requirements. Fig. 7 shows the results of this step.
This step does the MPRAC procedure, described in Section

2.1, in which the stakeholder representatives collectively

decide on the criteria, select the meadsures, and assign each
criterion to one plane.

Step 2 of Stage II has each stakeholder group assigning
a weight to each criterion using AHP, as described in the
initial part of Section 2. When a stakeholder group does
not feel able to assign a weight to a criterion, MCPRRT
uses instead the arithmetic mean of the weights assigned
to the same criteria by the remaining stakeholder groups.
Fig. 8 shows the result of Step 2. A set of 4 planes has been
made for each stakeholder group. In each plane of each set,
a weight has been given to each criterion in the plane.

Step 3 of Stage I1 has each stakeholder group ranking the
preliminary requirements ones for each plane, based on the
weighted criteria in its own sct of planes, using AHP and
the WSM, as described in the initial part of Section 2. When
a stakeholder group does not feel able to rank a particular
preliminary requirement in a particular plane, MCPRRT
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uses instead the arithmetic mean of the ranks assigned to the
same preliminary requirement in the same plane by the
remaining stakeholder groups. IFig. 9 shows the results of this
step. For each stakeholder group and for each plane, a rank-
ing of the preliminary requirements has been generated
based on the weights of the criteria in the plane.

Step 4 of Stage IT has each stakeholder group assigning
a weight to each MPRAC plane using the AHP method.

No stakeholder group is allowed to not assign a weight
to any plane. Fig. 10 shows the result of this step. Each
stakeholder representative has put a weight next to each
plane in its set of 4 planes.

In Step 5 of Stage IT, for each stakeholder group, its pre-
liminary requirements ranking for cach plane is weighted
by the group’s assigned weighting for the plane, and these
weighted per-plane rankings are aggregated into a single
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ranking for all preliminary requirements using TOPSIS, as
described in the initial part of Section 2. Fig. 11 shows the
results of this step. The recently assigned plane weights
have allowed each stakeholder group to produce a single
ranking of the preliminary requirements from its four-
per-plane rankings.

Step 6 of Stage 1I involves calculating a shared aggregat-
ed ranking based on the aggregated rankings produced for
all stakeholder groups using Borda Scoring, as described in
the initial part of Section 2. Fig. 12 shows the result of this
step. The weights of the stakeholder groups have allowed
generation of a single ranking of the preliminary require-
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ments from the single ranking previously generated for
each stakeholder group.

2.2.3. Stage IIT

Stage III comes after the production in Step 6 of Stage IT
of the single aggregated ranking of the preliminary require-
ments and consists of the following two steps:

1. examination of the ranking of the preliminary require-
ments, and

2. choosing the requirements to implement in the MIS on
the basis of the ranking.

To assist in Step 1, it helps to be able to visualize the

ranking of the requirements in some graphic display of

the ranking rather than to have to see only numbers.
Therefore, any tool supporting MCPRRT should provide
at least one graphical display of the ranking it produces.

In Step 2, the requirements engineer presents to the key
decision makers the final list of preliminary requirements
with aggregated pricrities assigned to them, allowing the
decision makers to choese which requirements to imple-
ment in their MIS. The way the decision makers choose
is outside the scope of this paper. However, in making this
choice, the decision makers may divide the ranked preli-
minary requirements into three groups:

e requirements that have been confirmed to be essential
for the organization and its strategy,

e requirements that have been discovered to be essential
for the organization and its strategy,

» requirements that have been abandoned as inessential
for the organization [15).

3. Description of the tool developed to support MCPRRT

A MCPRRT support tool has been developed. Prior to
developing this tool, we had a chance to study FocalPoint
Version 2.01 [76], a professional tool for requirements
ranking developed by FocalPoint A.B., Sweden. As an
AHP tool, it is excellent, particularly for obtaining a single
ranking from pairwise rankings. It detects inconsistencies
in rankings, e.g. that 4 > B, B> C, and C > 4. It displays
results in several useful graphs that help the user to make
the tradeoffs to choose a coherent set of highly desired fea-
tures, However, our experience has shown that FocalPoint

Version 2.01

e is not able to handle the Polish character set, and it has
only limited capability to be internationalized, i.e. some
of the messages intended for users insist on being dis-
played in English; and
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Fig. 9. Aflter Step 3 of Stage 1I of MCPRRT.

eis not able to do some functionality required by
MCPRRT, ie.: :

— FocalPoint is not able to partition the criteria into the
planes, and

— FocalPoint is not able to perform aggregated ranking,
based on collections of input rankings.

Soon after starting the research, we were kindly given
an early copy of FocalPoint Version 4.0 [76]. It was a
considerable improvement over FocalPoint 2.01, going
beyond just ranking of requirements to various displays
of the rankings. It supports group work through the
Internet, but it did not work through the firewall we
had installed. It adapts more to the user and permits lim-
ited internationalization to Polish, but it insists on Eng-
lish for many of the messages to users. We expect that
these problems were fixed for later releases of the ver-
sion, However, FocalPoint 4.0 lacks some functionality
needed for MCPRRT.

As a result, we decided to develop a tool specially for
MCPRRT that is able to:

e handle any number of participating stakeholders in
requirements;

assign criteria to MPRAC planes;

aggregate a collection of rankings into a single ranking;
operate in a network; and

be configured by parameter settings for an arbitrary
number of planes, stakeholders, stakeholder groups,
requirements, and criteria,

We decided to use open-source software whenever possi-
ble. Java Server Pages (JSP) [75] were used extensively in the
development to provide the user interface. MySQL V.3.2
[46] was used to provide database management functions,
Tomcat V.4.1 [1] was used as the application server, and
Eclipse V.2.1 [16] served as the developer’s environment.

Prototyping [10] was used during the development of the
tool. A prototyped tool was presented to a group of potential
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users. During the presentation, they had the following
remarks:

1. The criteria assigned to the planes should be made visi-
ble during ranking of the planes. Doing so would enable
more reliable ranking.

- During the ranking, the names of the groups of stake-
holders currently logged in should be displayed.

. It would be very desirable to provide transient hints con-
taining extended descriptions of preliminary require-
ments, so that at any moment, a user can see the
meaning of the phrase representing any preliminary
requirement,

It would be very desirable to provide for the AHP
part of the tool, an icon in the form of a moving
balance, as shown in Fig. 6, whose arm swings to
match the chosen value in the relative ranking of a
pair.
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After Step 4 of Stage IT of MCPRRT.

After running a test ranking using the MCPRRT tool
and then the FocalPoint software, these same users had
the following comments:

¢ FocalPoint does not have the ability to aggregate rank-
ings from users who used different criteria. The
MCPRRT tool supports building aggregated rankings
to be presented to the organization’s decision makers,
enabling them to make decisions in a relatively simple
way. Recall that when a stakeholder group does not
provide a weighting for a criterion, the MCPRRT tool
calculates a replacement weight for the missing criterion
as the average of the other stakeholders® weights of the
same criterion. Therefore, the MCPRRT tool can work
with differing sets of criteria among the stakeholders.
The users concluded that the ability to partition the cri-
teria by MPRAC planes made the process of assigning
weights to the criteria much easier.
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Fig. 11, After Step 5 of Stage I of MCPRRT.

e FocalPoint uses a 9-point scale, with maximum value 3,
for pairwise comparison, while the MCPRRT tool uses
a 17-point scale, with maximum value 9. According to 4
of the 5 users, a larger number of values allows finer,
more accurate distinctions.

The users pointed out that the different colors associated
with the different scale values in the MCPRRT tool is of
great assistance in comparing preliminary requirements
according to any criterion. One participant of the pilot
run suggested that the same colors be used on both sides
of the scale, as shown in Fig. 13 (When a screen from
the tool that was built is shown in a figure, the figure’s leg-
end gives an English translation of the Polish language

text in the screen.).* However, the remaining participants
were convinced that the current solution, shown in
Fig. 14, is clearer.*

“ For those readers who arc seeing this paper in a black-and-white
medium, the color scheme of Fig. 13 has both “9”%s showing blue, both of
cach suceessive number less than “9” showing more and more purple blue,
and the one “1” showing purple. The color scheme of Fig. 14 has the left
instance of “9” showing blue, the left instance of each successive number
less than “9” showing more and more purple blue, the right instance of
“9" showing red, the right instunce of each successive number less than
“9" showing more and more purple red, and the only instance of “I”
showing purple. To sec this paper in color, the reader should visil the Web
version of this paper.,
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Fig. 12, After Step 6 of Stage Il of MCPRRT.

e The users thought that the MCPRRT tool's word descrip-
tors, e.g., “extremely more™ and “slightly more”, and their
numeric equivalents, e.g., “9", *“3”, for the values on the
pairwise comparison scale was a better idea than Focal-
Point’s use of only graphic signs, e.g., “ < and “<”.

As the reader can sce, the users’ comments strongly influ-
enced the behavior of the final version of the MCPRRT
tool.

The tool built to support MCPRRT offers two types of
graphs for visualizing the ranking of preliminary require-
ments [56,55]:

+ A distribution chart is a block diagram showing the dif-

ferences in the ranking of individual preliminary
requirements, Fig. 18 shows an example of a distribution
chart. The x-axis values are the numerals naming the
preliminary requirements and the y-axis value for a
requirement is the preliminary requirement’s aggregated
priority. Each block shows the total priority of a preli-
minary requirement. All priorities assigned by one
stakeholder group are marked with a unique color
assigned to the group. For any stakeholder, the size of
the stakeholder’s portion of a block is proportional to
the stakcholder’s ranking of the block’s requirement.



A. Sobczak, D.M. Berry | Information and Seftware Technology 49 (2007) 960-984 973

£
e

Fig. 13, Differences in color for the values on the pairwise comparison scale, a variant proposed by a participant of the pilot run. (Left side; Poziom
trudnosci ... — Level of difficulty of integrating the preliminary requirement [at hand] with the computing systems already operated by the city's offices. Right
side: Poziom wykorzystania ... — Level of utilization of advanced technologies. Scales: Ekstremalna — Extremely more; Bardzo duza — Highly more:

Duza — Considerably more; Maio znaczaca — Slightly more; Réwna — Equally.)

Fig. 14. Dilfferences in color for the values on the pairwise comparison scale, as implemented in the final version. (Left side: Poziom trudnodci ... — Level of
difficulty of integrating the preliminary requirement [at hand] with the computing systems already operated by the city's offices. Right side: Poziom
wykorzystania ... — Level of utilization of advanced technologies. Scales: Ekstremalna — Extremely more; Bardzo duza — Highly more; Duza — Considerably

more; Mato znaczaca — Slightly more; Réwna - Equally.)

* A weighed distribution chart is a block diagram showing
the weighted priorities assigned to a single requirement
by all stakeholder groups. Fig. 19 shows an example
of a weighted distribution chart. The x-axis values are
the numerals naming the requirements and the y-axis
value for a requirement is the requirement’s weighted
aggregated priority. The height of a particular require-
ment’s block is proportional to the total of the weighted
priorities of that requirement by all stakeholder groups.
All priorities assigned by one stakeholder group are
marked with the unique color assigned to the group.
For any stakeholder, the size of the stakeholder’s por-
tion of a block is proportional to the stakeholder’s
weighted ranking of the block’s requirement.

4. Validating case study of the use of MCPRRT
and its tool

The validation of MCPRRT and of its supporting tool
was carried out during the requirements engineering for
the MIS for a Polish self-governmental, eGovernmental
unit making extensive use of Internet to allow its custom-
ers, its citizens, to interact with it [72,71].

4.1. Context of case study
A medium-large, 60-thousand-inhabitant city located in

Central Poland was selected as the site of the first produc-
tion use of the full MCPRRT and its final tool. The city’s

leaders had decided to improve the city’s development
strategy and were about to submit a proposal to the Euro-
pean Union to build a new MIS for the city and its adjacent
parish. Sobczak presented a talk on the tool to the city
ministry that would own the MIS being developed. There
was sufficient interest that the key people gave permission
for Sobczak to use the tool to help in the requirements
engincering for this MIS.

The description below follows the sequence of stages of
MCPRRT described in Section 3.

4.2, Stage I

Identification of stakeholder groups must be preceded
by the definition of the boundaries of the MIS to be built,
It was decided that the MIS should continue to use the
existing hardware facilities and the existing collected
information resources in the local area and the global area
networks, (In retrospect, it might have been better to make
this decision ene of the preliminary requirements, perhaps
highly ranked, but nevertheless subject to debate.) This
MIS should provide new functionality to implement
requirements resulting from the new development strategy
adopted by the city. The five selected stakeholder groups
and their representatives were:

1. about 120 users, represented by an independent 3-year
city worker with a university-level education whose
duties involve continuing contacts with the citizens,
who are in essence, the city’s customers;
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2. twenty legislators, represented by a city council member
with a university-level education, who is also the presi-
dent of one of the council’s committee;

3. four decision makers, represented by the city’s vice-
president.

4. five designers, represcnted by an external-company
worker with a university-level education in computer sci-
ences with several years of experience implementing sys-
tems for public administration;

5. three administrators, represented by a 3-year city
worker, with a university-level education, in the city
office that is responsible for the maintenance and
development of the existing computer systems of the
city.

Table 2 shows the customer, supplier, and satellite stake-
holders for each of the baseline stakeholder groups of the
case study.

To elicit the best possible sct of preliminary require-
ments for the MIS to be developed, the following activities
were carried out:

e analysis of the existing documents {rom the city office
about the new development strategy for the city, about
circumstances and plans for expansion of the city, and
about the city’s operational statutes;

e interviews with the representatives of the users and leg-
islators stakeholder groups;

e analysis of the city's currently operating computer
systems;

e analysis of regulations which affect, or may affect in the
future, the form of the city’s computer systems [69,63,65,
64,67,60,68];

e analysis of documents prepared by ministries and other
governmental bodies about the problems of implement-
ing computer systems in public administration [34,42,
35).

In this way, the 11 preliminary requirements listed in
Appendix A were identified. These were then subjected to
the rest of the MCPRRT procedure.

The last step of Stage I is assigning a weight to each
stakeholder group that will participate in preliminary
requirements ranking. The weights shown in Table 3 werc
assigned to each stakeholder group by § experts using the
Expert Method [74)

Table 3
Mean weights assigned to stakeholder groups by the experts, with
individual weights ranging from 0.0 through 10.0

Stakeholder Group mean weights
Users 3.6
Legislators 2.0
Decision makers 2.0
Designers 1.3
Administrators 1.1

1. Expert A: D.Sc. in computer sciences with 12 years of
experience building computer systems for public admin-
istration, at present responsible for adjusting to EU
standards the computer systems operated by Polish pub-
lic administration;

2. Expert B: MLA. with 5 years of experience as the editor-
in-chief of the Web pages of major Polish self-govern-
mental services;

3. Expert C: M.Sc. in computer sciences with 4 years of
experience building computer systems for the Polish
public sector;

4, Expert D: computer expert with 3 years of experience
building Internet systems.

5. Expert E: master’s degree with 5 years of experience
applying modern management concepts, such as ISO
standards and TQM, in self-governmental units.

To determine the criteria for the 4 MPRAC planes and
adjust them to the needs of the city’s MIS, the document
“Strategy for the Development of the City 2002-2010”
[53] was analyzed. As described in Section 2.1, the city’s
development strategy, the city’s strategic goals and quality
standards were considered to identify the full set of criteria.
In all, the 16 criteria listed in Appendix B were identified.
These amounted to

e three criteria in the business values, BV, plane,

» five criteria in the customers, C, plane,

o four criteria in the internal processes, IP, plane, and
e four criteria in the MIS development, MD, plane.

Table 4 shows the scope of cach stakeholder’s contribu-
tion to the assignment of weights to the criteria, each of
which is in one plane. Each stakeholder took into account
his knowledge and professional experience in doing his
assignment. In the cell for a stakeholder and a plane,
“Yes” means that the stakcholder had assigned a weight
to the criteria in the plane, while “No” means that the
stakeholder had not assigned any weight to any criteria
in the plane. Fig. 15 shows the designer stakeholder’s
assignment of a weight to the customers plane. Table 3
shows the weights assigned to five criteria in the customers
plane by all stakeholders. The text of each criterion is given
in Appendix B. The criteria of the other planes were
assigned weights in the same manner.

4.3. Stage 11

The next step involved ranking the preliminary require-
ments by priority. Using the tool, each stakeholder first
selected an MPRAC plane and then, a criterion by which
to rank preliminary requirements. For that criterion, pair-
wise comparison was carried out as illustrated in Fig, 16.
Table 6 shows the result of the ranking Requirement R1
by the criteria in the customers plane. The text of Require-
ment R1 is given in Appendix A. Each preliminary require-
ment was ranked according to each criterion in each plane
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Table 4

975

Scope of contribution of each stakeholder in assigning weights to the criteria of a plane

Stakeholder Business values plane System customers plane Internal process plane System development plane
User Yes Yes Yes No
Legislator Yes Yes No Yes
Decision maker Yes Yes Yes No
Designer Yes Yes Yes Yes
Administrator Yes Yes No Yes

Fig. 15, The designer stakeholder’s assignment of one weight to the customers plane. (Top of Top Box: Prosze . .. — Please campare requirement | with
requirement Il and chose which is more important and by what degree. Boltom of Top Box: Réznica ... — Difference between the importances of the criteria;
Kryterium — Criterion. Left of Balance: Actualna ... — Current interested group: SPI (Self-government Information Platform) Project. Left Side of Bottom:
Poziom trudnodci ... — Level of difficulty of meeting the preliminary requirement by the users. Right Side of Bottom: Poziom jakedci ... — Level of quality of
services rendered to city's customers. Scales: Ekstremalna — Extremely more; Bardzo duza — Highly more; Duza — Considerably more: Malo

znaczaca —> Slightly more; Réwna — Equally.)

Table 5
Weights assigned by all stakeholders to the 5 criteria of the customers plane
Criteria Stakeholders
User (%) Legislator (%) Decision maker (%) Designer (%) Administrator (%}
K1 16.2 10.0 9.6 58 11.6
K2 34.5 43.5 214 23.8 35.9
K3 0.2 26.9 26.2 11.7 23.3
K4 317 14.6 364 12.9 19.4
K5 7.4 5.0 6.4 45.8 2.8

in the same way. Step 4 of Stage II has each stakeholder
assigning a weight to each plane. Fig, 17 shows a step in
the designer stakeholder’s assigning of weights to all
planes. Table 7 shows the actual weights assigned to the
planes by all the stakeholders. Step 5 of Stage IT takes
for each stakeholder, his preliminary requirements ranking
for each plane as weighted by his assigned weighting for the
plane, and aggregates these rankings into a single ranking
for all preliminary requirements using TOPSIS. Table 8
shows the results. In Step 6 of Stage 11, Borda Scoring is
used to obtain an aggregated ranking of the preliminary
requirements for each stakeholder. Table 9 shows for each

preliminary requirement and each stakeholder, two num-
bers, the second one inside parentheses:

1. the priority calculated for the preliminary requirement
and the stakeholder

the weighted priority calculated for the preliminary
requirement and the stakeholder from this priority and
the weight assigned to the stakeholder.

2.

The table shows in the right hand column, for each pre-
liminary requirement, the sum of the weighted priorities
from all the stakeholders.
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Fig. 16. Comparison of two preliminary requirements by one criterion. (Fig. 16: Top of Top Box: Proszg ... — Please compare requirement | with
requirement Il and chose which is mare important to the handling of the circulation of elecironic doeuments within city offices and by what degree. Bottom of
Top Box: Réznica ... — Difference between the importances of the requirements; Wymanagie — Requirement. Left of Balance: Actualna ... —s Current
interested group: SPI (Self-government Information Platform) Project. Left Side of Bottom: Obstuga ... — Handling of the circulation of electronic documents
within city offices. Right Side of Bottom: Wykorzystanie ... — Use of computer-aided information techniques to train city office’s staff (e-learning). Scales:
Ekstremalna -~ Extremely more; Bardzo silne — Highly more; Duza — Considerably more; Malo znaczaca Slightly more; Réwna — Equally.)

Table 6
Priorities assigned to the preliminary requirements according to the criteria in the customers plane
Preliminary ~ Stakeholder Criteria
requirements  No. Speed of Quality level of services  Level of support to Level of support in Difficulty level of serving
serving office’s  rendered to office’s companies operating in  attracting external preliminary requirement
customers customers the city investors for users
K1 K2 K3 K4 K5
1 0.078 0.146 0.042 0.257 0.021
2 0.016 0.024 0.020 0.291 0.037
RI 3 0.025 0.063 0.034 0.139 0.048
4 0.052 0.045 0.031 0.235 0.142
5 0.044 0.033 0.036 0.134 0.081

To allow assessment of the significance of the individual
preliminary requirements, the results were standardized
and sorted into descending order. Table 10 shows the
results.

4.4. Stage IIT

In Stage I, the priorities had to be visualized. Figs. 18
and 19 are graphs generated by the MCPRRT tool. Fig. 18
shows the priorities calculated for the preliminary
requirements. The x-axis values are the numerals naming
the requirements and the y-axis value for a requirement is
the requirement’s aggregated priority. Fig. 19 shows the
weighted priorities calculated for the preliminary require-
ments, The x-axis values are the numerals naming the
requirements, and the y-axis value for a requirement is

the requirement’s weighted aggregated priority. (See the
end of Section 3 for descriptions of the two graphs.)

The ranking informaticn was used to write a final
requirements document. This document was incorporated
into a funding proposal to the European Union (EU) to
implement the specified MIS for use by the cities in a
regional association of the cities of central Poland.

As of the date of this publication, the MIS has not been
built for reasons beyond control of the stakeholders. The
proposal to the EU failed to win funding. Morcover,
recently the EU funded an infrastructure project proposed
by the same regional association; hence the EU is unlikely
to fund the MIS proposal. Hence, there is no way to
determine the effect of MCPRRT and of the tool on a
downstream development. Nevertheless, all on the project
who had participated in requirements engineering efforts
in other projects in the past and had experiences in the
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Fig. 17. A step in the assigning of weights to planes by the designer stakeholder, (Top of Top Box: Prosze ... — Please compare plane | with plane Il and
chose which is more important and by what degree. Bottom of Top Box: Rdinica...-» Difference between the importances of the planes;
Plaszczyzna — Plane. Left of Balance: Actualna ... — Current interested group: SPI (Self-government Information Platform) Project. Left Side of Bottom:
Plaszczyzna klientéw (including bullets) ... — Customers’ plane. Criteria at this plane: o Level of difficulty of meeting the preliminary requirement by the users,
* Time to serve the city's customers. ¢ Level of quality of services rendered to city's customers. » Leve! of support offered to businesses operating in the city. ¢
Level of support for attracting external investors. Right Side of Bottom: Plaszczyzna rozwoju (including bullets) ... —» System development plane. Criteria at
this plane: ¢ Scope of the possibilities to extend the functionality of the preliminary requirement. » Level of flexibility of the preliminary requirement. e Level of
difficulty of integrating the preliminary requirement with the computer systems already operated by the city’s offices, s Level of utilization of advanced
technologies. Scales: Ekstremalna — Extremely more; Bardzo duza — Highly more; Duia — Considerably more; Malto znaczaca — Slightly mare;
Réwna — Equally.)

Table 7
Weights assigned by stakeholders to the planes
Planes Sltakeholders

Uszr (%) Legislator (%) Decision maker (%) Designer (%) Administrator (%)
BV 9.4 25.4 51.3 44.6 8.2
c 45.6 - 57.1 215 17.4 36.7
IP 30.3 13.2 * 2445 9.3 309
MD 14.7 4.3 5.7 28.7 24.2
Table 8
Aggregated results of preliminary requirements ranking for all MPRAC planes
Preliminary requirements Stakeholders

User Legislator Decision maker Designer Administrator

R1 0.784 0.784 0.398 0.212 0.523
R2 0.623 0.289 0.113 0.397 0.502
R3 0.612 0.848 0.413 0.217 0.545
R4 0.444 0.509 0.613 0.883 0.418
RS 0.417 0.199 0.204 0.137 0.198
R6 0.164 0.02 : 0.053 0.0 0.004
R7 0.185 0.133 0.379 0.5 0.197
RS 0.745 0.495 0.221 0.208 0.582
R9 0.524 0.704 0.436 0.221 0.725
RI10 0.41 0.315 0.536 0.366 0.387

RIl 0.212 0.215 0.223 0.203 0.308
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Table 9

Aggregated results of the ranking of preliminary requirements for a group of stakeholders (values in brackets represent their weighted values)
Preliminary  Stakeholders Sum
Tequirements yye.. (weight: 3.6) Legislator (weight: 2.0) Decision maker (weight: 2.0) Designer (weight: 1.3}  Administrator (weight: 1.1)

Rl 10 (36.0) 9(18.0) 6 (12.0) 4(5.2) 7(7.7) 78.9
R2 8 (28.8) 4 (3.0) 1(2.0) § (10.4) 6 (6.6) 55.8
R3 7(25.2) 10 (20.0) 7 (14.0) 5(6.5) 8 (8.8) 74.5
R4 5 (18.0) 7 (14.0) 10 (20.0) 16 (13.0) 5(5.5) 70.5
RS 4(14.4) 2 (4.0) 2(4.0) 1(1.3) 2(2.2) 250
R6 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 {0.0) 0.0
R7 1 (3.60) 12.0) 5 (10.0) 9(1L.7) 111 28.4
RS 9 (32.4) 6 (12.0) 1 (6.0) 3 (3.9) 9 (9.9) §4.2
R9 6 (21.6) 8 (16.0) 8 (16.0) 6(7.8) 10 (11.0) 72.4
R10 3(10.8) 5(10.0) 9 (18.0) 7(0.1) 4 (4.4) 523
RI1 2(1.2) 3(6.0) 4(8.0) 2 (2.6) 3(3.3) 27.1
Table 10

Normalized priorities for preliminary requirements, expressed as
percentages :

Normalized priority of
preliminary requirements (in %)

Preliminary requirements

R1 14.35
R3 13.55
R9 13.16
R4 12.82
RS 11,67
R2 10,15
R10 8.51
R7 5.16
RIl1 4.93
RS 4.70
R6 0.00

i

ﬂ =
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Fig. 18. Graph showing aggregated priorities of preliminary require-
ments. (Under x-axis: Legislator — Legislators; Administrator SPI — SPI
(Self-government  Information  Platform) Administrators; Projektant
SPI — SP1 Designers; Decydent — Decision Makers; Uzytkownik SP1 — SPI
Users.)

B

Fig. 19. Graph showing weighted aggregated priorities of preliminary
requirements. (Under x-axis; Legislator — Legislators; Administrator
SPI— 8P| (Self-government Information Platform) Administrators; Projek-
tant SPl— SPl Designers; Decydent — Decision Makers; Uzytkownik
SP| — SPI Users.)

past to which to compare the current experience reported
being certain that they had done a better job writing
requirements than they had ever done in the past. Section
6 discusses lessons learned from the participating
stakeholders.

5. Related work

The distributed priority ranking work described in this
paper differs from but builds con all the previously done
work on distributed RE and priority ranking, a.k.a “prior-
itization” in the literature.

To discuss some of this work, a bit of vocabulary is
needed: AHP calculates a ranker’s total ranking of require-
ments from pair-wise rankings supplied by the ranker, pro-
vided that the supplied pair-wise rankings are consistent
with each other. In opposition to pair-wise ranking is what
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is called for the purpose of this discussion monolithic rank-
ing, in which the ranker somehow produces the total rank-
ing by working with the entire list of requirements, for
example, by shuffling cards, each of which contains one
requirement.

First, an examination of the technology for ranking
requirements by priority that existed before beginning the
work described in this paper shows that:

e Most existing methods of requirements ranking took
into account only to a limited extent that decisions are
made by a group of stakeholders rather than one
[23,25,24,31,49,50,59];

e many existing methods of requirements ranking
assumed that votes of all stakeholders are equally
important [24,31,49,50]; and

e many existing computer-based tools for priority rank-
ing, e.g., FocalPoint [76,29] did not allow the rankers
to be distributed at many locations, as had become fre-
quent in the development of new computer systems
[31,49,50].

Below is a listing of other work addressing at least a part of
the work of this paper. Among these, only issues consid-

ered in this work are discussed in detail:

e the use of i* to model goals and early requirements [82],
e surveys (i.e., reviews) and bibliographies about theory

and applications of AHP [54,17],
¢ empirical studies of the problems in practice of ranking

requirements by priority, independent of method, for a

variety of projects, bespoke and market-driven [48],

Herzwurm, Schockert, and Mellis concluded in 1999
that existing methods of requirements ranking, such as,
e.g., the Hill Model and Quality Function Deployment,
take into account the organization’s strategy only to a
limited extent;. .

Lehtola, Kauppinen, and Kujala found that (1) prior-
ity ranking is highly ambigucus and context-specific, (2)
priority ranking must be performed repeatedly during
development, (3) the difficulties of priority ranking
include taking all relevant factors into account and
aggregating multiple stakcholders’ views, and (4) practi-
tioners who do priority ranking manually hope for a
more systematic way to do it [37].

e empirical studies of the apparently non-distributed use
of AHP in RE, often in comparison with another
method of ranking,

J. Karlsson, Wohlin, and Regnell found in several
medium-sized projects, that among six methods of rank-
ing quality requirements for a telephony system: AIIP,
Hierarchy AHP, Minimal Spanning Tree, Bubble Sort,

Binary Search Tree, and Priority Groups, AHP was the

most effective but was not perceived as scalable, because

the number of pairs to rank grows quadratically with’

the number of requirements. While AHP compares each
requirement to all requirements, in Hierarchy AHP, the
requirements are grouped by abstraction level and AHP
is used to compare each requirement in any level with all

requirements in only the same level. Hierarchy AHP is

effective in reducing the number of pairs to consider,

but is subject to inaccuracies as a result of judgment
errors in the classification of requirements into levels.

In a large project, the ranking practitioners found

AHP to be more demanding of their time, but they felt

that the reliability of AHP’s conclusions made the time

well spent [30].

Lehtola and Kauppinen compared two methods of
ranking requirements by priority: (1) AHP, as imple-
mented by FocalPoint, and (2) Wiegers's method that
monolithically ranks the costs, risks, and value of each
requirement [81]. The value of a requirement includes
both the value of the requirement to the customer and
the penalty incurred from the customer if the require-
ment is not met. Each method was found to be suitable
and effective. The lessons learned about FocalPoint’s
implementation of AHP include:

1. Users found it difficult to estimate how much more
valuable one requirement is than another.

2. Pair-wise comparisons with over 20 requirements
were difficult in practice.

3. Requirements at different levels of abstraction caused
trouble.

4. Some users thought that pair-wise comparisons were
pointless; they thought that it would have been easier
to just select the most important requirements or to
put the requirements in descending order without
any pair-wise comparison.

The lessons learned about both methods include:

1. When the user of a ranking method has a strong expe-
rience-based intuition about the ranking of require-
ments, she typically mistrusts method-produced
rankings that disagree with her own intuition.

2. A lack of clarity concerning the method itself may
effect the results. The ranking resulfs are no better
than the raw data inserted.

3. A tool’s ranking of requirements may lead to a wrong
decision of what to do. If two requirements of
different levels are compared, their comparison is real-
Iy meaningless, and the total ranking is suspect
[36,38].

L. Karlsson, Berander, Regnell, and Wohlin com-
pared manual AP {called only “pair-wise comparison’
in their paper) with extreme programming’s (XP’s) [4]
planning game (PG) for effectiveness in ranking require-
ments by priority. The PG is the XP step of each devel-
opment iteration that is wused to select which
requirements, each expressed in the form of a story,
are to be implemented in the upcoming iteration. In
the PG, each story is triaged [15] by wvalue to the
customer and triaged by cost to implement. The triage
of a story for a criterion categorizes the story as low,
medium, or high in the criterion. The group playing
the PG balances the two triages of all stories to deter-
mine a good combination of desired stories that are
implementable in the time allotted to the upcoming iter-
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. requirements,

ation. The findings are that the PG is more effective than

manual AHP in several specific ways:

1. The PG took less time on average than manual AHP
to rank a set of stories.

2. The PG was regard as easier to use by the subjects
than manual AHP.

3. The subjects perceived the PG as more accurately

reflecting their views than manual AHP [32].

L. Karlsson, Thelin, Berander, Regnell, and Wohlin
followed this experiment up with a second experiment
to compare the PG with tool-supported AHP (called
only “tool-supported pair-wise comparison” in their
paper) as implemented by FocalPoint. This experiment
found that
1. tool-supported AHP requires less time than manual

AHP, and tool-supported AHP requires less time

than the PG,

2. it could not be determined objectively which of tool-

supported AHP and the PG is easier to use although

a majority of the subjects regarded tool-supported

AIIP as easier to use than the PG
3. it could not be determined objectively which of tool-

supported AHP and the PG is more accurate

although a majority of the subjects preferred the PG

to tool-suppoerted AHP [33].
suggestions for improvements [44] to AHP, usually for
overcoming the scalability problem,

The main approach to allowing AHP to be scaled to
larger sets of requirements is to reduce the number of
pairs of requirements to be compared. Recall that J.
Karlsson, Wohlin, and Regneil suggested Hierarchy
AHP as a variation of AHP to reduce the number of
pairs to consider by grouping requirements to be ranked
by abstraction level and then comparing any require-
ment to only those of the same level [30].

Avesani, Bazzanella, Perini, and Susi attempted to
mitigate the combinatorial explosion of pair-wise com-
parison suffered by AHP applied to a large set of
They wused . a machine learning
algorithm that tries to approximate the rankings of
some pairs by using predefined ranking criteria com-
bined with already assigned rankings to reduce the
number of pairs of requirements that humans have to
rank. In an industrial case study comparing the learn-
ing algorithm to complete manual AHP, the learning
algorithm was able to achieve 96% accuracy compared
to the manual ranking while ranking only 8% of the
full number of pairs. Interestingly, the learning algo-
rithm tool uses a Web interface to allow a user to do
her rankings [2].
discussion of general challenges to RE, including that of
ranking requirements by priority, caused by a distribut-
ed location of stakeholders [14],
suggestions of techniques for distributed ranking of
requirements by priority [49],

Regnell, Hast, Nott och Dag, Beremark, and Hjelm
conducted a case study of a distributed requirements
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ranking effort in an industrial market-driven RE effort.
The study evaluated the effectiveness of a variety of
visualizations in  helping stakcholders collectively
choose features to implement in the next release of
the software product being built. In the effort, each
stakeholder represented a market segment for the
product. The 58 features were divided into 17 groups
of features that should be implemented together. Each
stakeholder monolithically ranked the 17 groups and
the 58 individual requirements into one list of 75 items
in which each item received its appropriate share of
$100K. One of the visualizations 1s a bar graph that
matches the bar graphs of Figs. 18 and 19 of this
paper. While the project used monolithic ranking, the
authors suggest that in the future AHP will be used
to simplify the process of ranking prior to the display-
ing. The automatic generation of the visualization dis-
plays from stakeholders’ rankings assists in continuous
ranking as new requirements arrive on the scene and as
the market changes [55,56].

Hagge and Lappe offer a requirements engineering
pattern specifically applicable to distributed share-
holder groups [18]. Their Pattern 1 suggests organiz-
ing the specification procedure along the project
structure. MCPRRT follows the advice of this pat-
tern. MCPRRT organizes the priority ranking accord-
ing to the structure of the distributed stakeholder
groups; each group contributes its input independent-
Iy and the organizational chart for these groups dic-
tates the groups’ weights that are used to distill the
different sets of requirement rankings into a single
one for the whole organization. Moreover, by using
the Internet, an established communication channel
is used.
proposal for a method of financially informed ranking
of requirements by priority [12},
empirical study of empirical studies to evaluate the
validity of using students as subjects in empirical studies
of ranking requirements by priority [5].

6. Lessons learned during case study

Sobezak collected comments from the five representative

stakeholders during the use of the tool and during the writ-
ing of the requirements based on the tool’s output

2

The most common comment was that the use of the tool
was time consuming. However, four agreed that the use
of the tool was a good investment, in that they learned
things about the system that they were going to be build-
ing before building it rather than during its construction
or after its deployment.

All five found the ranking information useful and used it
to prepare a final requirements document, which, as
mentioned was included in a funding proposal to the
European Union for the specified MIS.
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e The decision maker stakeholder representative regarded
the exercise as a success, while the other four stakehold-
ers, who were under orders to participate, were not so
sure about the degree of success. However, because the
decision maker is the one who makes the final decisions
about the conduct of the project, that he considers the
exercise a success was sufficient to ensure the tool’s con-
tinued and future use.

The administrator stakeholder thought he would use
such a tool in the future, but he was concerned about
security. He was reacting to the tool’s use of the Internet
and the http protocol. He suggested changing the proto-
col to the https protocol. This change will be enacted for
future versions of the tool.

Three stakeholders pointed out that the tool needed a
way to import requircments from any of the standard
requirements engineering environments such as Requi-
sitePro [22] and DOORS [52].

We did not observe any of the problems with AHP that
were reported in Section 5. The fact that the preliminary
requirements were strategic in nature

1. kept the number of requirements down to 11, a manage-
able number for which pair-wise comparison was not
overly burdenson.

2. caused all the requirements to be of the same level of
abstraction; thus, comparison of all pairs of require-
ments was meaningful.

None of the stakeholders complained that he did not

trust or that he did not believe the results computed by

the tool. It appears that the tables and graphs produced
by the tools made the results transparent enough that each
stakeholder could trust and believe the results.

Each of the representative stakeholders was technically
savvy to the point that use of the tool presented no real
obstacle. On the contrary, the tool probably provided
encough technical novelty to forestall major complaints.
Also, it appears that each stakeholder had enough experi-
ence from past efforts to know that this effort was proceed-
ing better.

7. Conclusions and future research

MCPRRT has the following advantages:

e [t enables strategic goals of a commercial organization
to be taken into account in the process of preliminary
requirements ranking;

e It enables aggregate ranking of preliminary require-
ments based on economic, organizational, and techno-
logical aspects of the organization.

e Tt cnables the requirements engineers to concentrate
their initial attention on just getting the requirements
from major stakeholders without worrying at the same
time about ranking them by priority.

The main conclusions from the research are as follows:

1. MPRAC cnables systematic analysis of criteria by which
to evaluate requirements.

2. MPRAC cnables considering strategic goals of an orga-
nization in determining the criteria by which to analyze
preliminary requirements.

3. MCPRRT enables determination of the importance of
cach preliminary requirement based on the criteria deter-
mined from the strategic goals considered in MPRAC.

4 MCPRRT ensures that the ranking of preliminary
requirements by prierity takes into account the opinions
of stakeholder groups and that it yiclds a single aggre-
gated ranking.

5. MCPRRT makes it possible for MIS designers to con-
centrate on the needs of all essential stakeholder groups.

Asnoted by amajority of the stakeholders participating in
the case study, the MCPRRT ranking process is laborious.
Therefore, it is advisable to find ways to optimize MCPRRT.
One referce suggests applying MCPRRT to its own require-
ments, with optimization as an important preliminary
requirement, as one way to achieve this goal.

Finally, the reader is reminded that the case study of
Section 4 is no more than one case study. Therefore, any
conclusions drawn from the case study cannot be general-
ized to be applicable to all distributed rankings of require-
ments by priority. On the other hand, the case study is of
the use of MCPRRT and its tool to rank the requirements
of a genuine system with real customers.
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Appendix A. List of priority-ranked preliminary
requirements

No. Preliminary requirements

R1 Handling official matters by city office’s customers (both
individuals and corporate bodies) through the Internet.

R2 Publication of information (in various Janguage versions)
on the Internet by city office.

R3 Handling of the circulation of electronic documents within
city office.

R4 Handling of electronic mail.

RS Use of computer-aided information techniques to train
city office’s staff.

R6 Handling of electronic democracy-type developments.

R7 Publication of city office’s daily paper on the Internet.

RS Provision of maps and diagrams on the Internet.

R9 Collection of the official data in the electronic form in

combination with the possibility of their advanced
searching by electronic means.

R10 Personalization of the access to the collected information
(data).

R11 Management of city office’s human and technological
Iesources.

Appendix B. List of the criteria in the individual MPRAC
planes

I. Business values plane

1. Criterion: expenditures required to implement the
preliminary requirement; these include the cost of
acquiring necessary licenses and the costs of the
implementation and necessary training. Measure:
amount required to implement the preliminary
requirement.

2. Criterion: scope of improving the management of
city’s assets, such as building sites, houses for resi-
dential and business purposes, etc. Measure: time
necessary to access information on the actual condi-
tion of the city’s assets.

3. Criterion; level of risk of disturbing the implementa-
tion of the preliminary requirement. Measure: num-
ber of days of the expected delay in the
implementation of the preliminary requirement.

1I. Customers plane

1. Criterion: time to serve the city’s customers. Mea-
sure: time to serve the city’s customers.

2. Criterion: quality level of services rendered to city’s
customers. Measure: number of errors made while
serving city’s customers.

3. Criterion: level of support offered to businesses
operating in the city. Measure: time necessary for
businesses to access official city information.

4. Criterion: level of support for attracting external
investors. Measure: time necessary for investors to
access information on the conditions of investment
in the city.

5. Criterion: level of difficulty of meeting the prelimin-
ary requirement by the users. Measure: time neces-
sary to acquire the ability to operate the
preliminary requirement.

1. Internal process plane

1. Criterion: level of improving the circulation of doc-
uments within the city’s offices. Measure: number of
misaddressed or lost documents.

2. Criterion: level of improving the administrative pro-
cedures run in the city’s offices. Measure: number of
originally-misapplied administrative procedures.

3. Criterion: scope of support for planning the city’s
development. Measure: number of different types
of report generated to facilitate planning the devel-
opment of a self-governmental unit.

4. Criterion: level of improving information flow with-
in the city’s offices. Measure: number of ad meritum
queries between individual departments of the city’s
offices.

IV. System development plane

1. Criterion: scope of the possibilities to extend the
functionality of the preliminary requirement. Mea-
sure: number of accessible macros or instructions
in the internal language.

2. Criterion: level of flexibility of the preliminary
requirement Measure: number of accessible parame-
ters that make it possible to customize the prelimin-
ary requirement according to city’s needs.

3. Criterion: level of difficulty of integrating the preli-
minary requirement with the computer systems
already operated by the city’ offices Measure: degree
of utilization of open standards in the implementa-
tion of the preliminary requirement.

4. Criterion: level of utilization of advanced technolo-
gies. Measure: level of use of Internet standards or
object technologies by the preliminary requirement.
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