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Abstract 

The purpose of many information system development projects is to build software to sup-
port an organization’s business processes better and to optimize business performance. 
During business-process-driven requirements engineering (BPRE), information about busi-
ness processes is collected in order to systematically derive more fine-grained requirements 
from them. In incremental BPRE, the most valuable ones of these requirements must be 
delivered as soon as possible in order to enable quick realization and reduce time to value. 
Unfortunately, due to a lack of appropriate requirements prioritization approaches and 
decision support during requirements refinement, too much time and effort is spent on 
requirements of minor importance. This leads to poor project performance because of 
wasted effort, non-optimal releases in terms of business value, as well as missed business 
gains due to slow time to value.  

The goal of this thesis is to improve project performance by means of a more focused 
requirements elicitation process during incremental BPRE. The key idea of this thesis is the 
utilization of prioritization and decision support in order to determine a valuable require-
ments elicitation order. Thus, the requirements engineer is supported in deciding about 
which requirements to elaborate next at a certain point during elicitation.  

On the one hand, this is realized by making prioritization more effective and efficient by 
providing a comprehensive prioritization criteria model for the BPRE domain. Utilizing the 
model facilitates the selection of appropriate prioritization criteria, which enable more ef-
fective determination of priorities. Thus, in turn, leads to more accurate prioritization results 
and reduces the risk of making wrong decisions. On the other hand, requirements engi-
neers are supported in their refinement decisions through algorithmic decision heuristics, 
which utilize the information about the current requirements structure (e.g., requirements 
types, priorities, elicitation status) to determine a valuable requirement that should be elab-
orated next. In this way, requirements engineers receive systematic and continuous guid-
ance throughout the elicitation of the requirements.  

The main contribution of this thesis is thus a systematic, tool-based prioritization approach 
that integrates domain-relevant prioritization criteria and algorithmic decision heuristics for 
determining a more valuable elicitation order in incremental BPRE. To make this happen, 
the approach is based on a conceptual model expressing the relationships between adap-
tive incremental requirements elicitation and requirements prioritization.  

The artifacts of the BPRE prioritization approach, i.e., the BPRE prioritization criteria model 
as well as the decision heuristics, were successfully evaluated against the hypotheses of this 
thesis in an industry expert survey, respectively a controlled simulation experiment. The 
actual BPRE prioritization process was applied in a feasibility study to gather feedback. 

This thesis describes the motivation, related work, as well as the development and evalua-
tion of the BPRE prioritization approach and its different building blocks. It closes with an 
outlook on valuable future work identified based on its results.  
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 Introduction 

  1 

1 Introduction 

“It's the job that's never started 
as takes longest to finish.“   

J. R. R. Tolkien 

This chapter addresses the motivation and context for the topic of this 
thesis and describes its contributions and the applied research approach.  
It closes with an outline of the contents of this thesis. 

1.1 Context 

An information system (IS) collects, stores, processes, and distributes in-
formation in order to provide it to users (humans or other systems) and 
consists mainly of software [Poh07]. It is “an integrated user-machine sys-
tem for providing information to support operations, management and 
decision-making functions in an organization” [DO85] and thus supports 
the business processes of an organization [RW12] [VVS+12]. The im-
portance of IS has increased considerably in the last decades and nowa-
days IS are considered to contribute to the competitiveness of an organi-
zation and to improve its performance [SG97] [Var11]. Businesses are in-
creasingly interested in improving their business processes, e.g., in terms 
of quality or efficiency, and in aligning their information systems in a pro-
cess-centered way [RW12]. Thus, the purpose of many information system 
development projects is to build software to support an organization’s 
business processes better and to optimize business performance. To 
achieve this, business processes have to be identified, analyzed, and inves-
tigated regarding potential improvements. Corresponding software re-
quirements must then be derived for the development of the supporting 
IS [VD07] [VVS+12]. A systematic business-process-driven requirements 
engineering (BPRE) approach is essential for achieving the goals intended 
by the introduction or modification of an information system [Var11]. Dur-
ing BPRE, information about business processes is collected and typically 
specified in business process models, which are then used to systematically 
derive more fine-grained requirements [VD07] [CAG09].  

 



Context 

2 

Definition – Business-process-driven Requirements Engineering 

Business-process-driven requirements engineering is a requirements engineer-
ing approach that is based on the business processes of an organization and 
derives software requirements from them in a systematic manner [VD07] 
[VVS+12]. 

Requirements elicitation therefore typically starts on the level of business 
processes and progresses to the derivation of more detailed requirements 
on different levels of abstraction [CAG09] (e.g., business activity descrip-
tions, detailed system functions) (see Figure 1). In this way, systematic 
functional decomposition as well as completeness, in particular (but also 
other requirements qualities such as consistency, correctness, or traceabil-
ity) can be assured [ARD14].  

 

Figure 1.  Business-process-based Requirements Hierarchy 

There are several ways to elicit this requirements hierarchy during a pro-
ject, which is mainly affected by the project context. In a traditional wa-
terfall-like project, where requirements engineering is done prior to devel-
opment in a self-contained phase (cf., e.g., [Poh07] [PR11]), for example, 
the business processes can be analyzed completely before the require-
ments on the business activity level are addressed. In this way, dependen-
cies between the requirements can be discovered early and the require-
ments process is rather easy to perform.  

However, today’s business software is mostly developed in an incremental 
manner [GR04] [BAW08], meaning that functionality is not provided by a 
big bang but by evolutionary improvements. By delivering software in 
small releases, organizations try to cope with uncertainty and changes in 
the business context [KL09]. Due to the flexibility of modern development 
solutions (e.g., business process management suites (BPMS) that are in-
creasingly being adapted in organizations [ARJ+13] [AKN+14]), there is 
often no need to insist on complete upfront specifications and inflexible 

Business  
Processes

Business  
Activ ities

System
Functions

Refinem
entof

Requirem
ents



 Introduction 

  3 

development procedures. Another important point is that it has been rec-
ognized that small investments and frequent releases create more value 
for the business than big investments and large releases [EF02] [RD10].  

Thus, this also has an impact on the way the requirements are elicited. In 
such an incremental setting, the requirements are not elicited completely 
before development starts. RE is not a self-contained phase in the devel-
opment process anymore but is rather done continuously and in a light-
weight manner [Poh07] [PR11]. It accompanies the entire development 
process in a phase- or project-encompassing way [Poh07], which is also 
represented in process models found in the literature, such as the Rational 
Unified Process [Kru00], as well as in agile methods such as Extreme Pro-
gramming [Bec99] or Scrum [Sch97] [SB01]. Development is therefore not 
based upon an upfront requirements specification as in traditional process 
models, but on smaller, continuously delivered incremental specifications 
that are produced in parallel to the development activities. 

Definition – Incremental Requirements Engineering 

Incremental requirements engineering describes a continuous requirements en-
gineering process (cf. [Poh07]) where requirements are elicited incrementally 
and which accompanies a development process in a phase- or project-encom-
passing way.  

Thus, in order to enable quick realization and reduce time to value, im-
portant requirements must be delivered as soon as possible. The value 
brought to a business unit at the right point in time is a key factor for the 
entire enterprise to remain competitive [BAW08]. For example, delivering 
an important requirement for an important release too late (e.g., too late 
for optimizing an online shop before Christmas sales) might lead to a sub-
stantial loss in sales. 

The purpose of the requirements engineering activities is therefore to add 
business value that is accounted for in terms of a successful software sys-
tem [Fav02] [AW07] [BAW08]. Especially in projects with a large number 
of requirements, and when resources are limited, it is essential to focus on 
the requirements that deliver the most value [KR97] [Poh07]. 

Focusing on the important requirements in order to deliver the valuable 
functionality first is a case for requirements prioritization [GR04]. During 
prioritization, the priority of a set of requirements is determined [Poh07]. 

Definition – Priority 

“The priority of a requirement documents the importance of the requirement 
with regard to one or more selected prioritization criteria.” [Poh07]  
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Requirements should be prioritized after they have been identified [ER03] 
because prioritization decisions are needed in many phases during the re-
alization of a software system [LKK04]. Typically, prioritization is applied 
for (1) creating a ranking among requirements, (2) deciding on the core 
requirements of a system, (3) planning and selecting an optimal set of 
requirements for implementation in successive releases, (4) balancing ben-
efits against costs and other resources, as well as (5) negotiating require-
ments between stakeholders [BA05] [Lam09] [WB13]. During require-
ments elicitation, it is used for analysis purposes in order to decide which 
of the raw requirements should be evolved further [LKK04] [Poh07]. The 
decisions that have to be made are often very complex because of differ-
ent alternatives and aspects that have to be regarded [Fir04] [BA05]. De-
cision support is a crucial component in achieving the goal of delivering 
value to internal or external stakeholders. Especially in incremental soft-
ware development, requirements prioritization is a very important compo-
nent for decision support [BJ06]. 

1.2 Problem Statement 

In such a complex requirements hierarchy as depicted in Figure 1, the re-
quirements elicitation process must therefore be designed in the most ef-
fective and efficient way, i.e., the requirements must be elicited in an op-
timal (i.e., with respect to project or organizational goals, such as im-
proved customer satisfaction) order to the greatest extent possible.  

Definition – Requirements Elicitation Process 

A requirements elicitation process is a structured set of requirements activities 
for identifying and elaborating requirements that follows an elicitation order. 
 
Definition – Elicitation Order 

An elicitation order describes the sequence of how requirements are elicited 
during a requirements elicitation process.  

Ideally, effort should be spent on the most promising requirements (in 
terms of their expected business value) while at the same time minimizing 
elicitation effort for less important requirements. Thus, to avoid one of the 
top risks of RE [LWE01], “do the best job you can early to get a good set 
of requirements” [LWE01]. Also, requirements engineers “need to align 
requirements efforts to elicit and specify only the requirements that will 
deliver that value” [Bea14]. In such situations, decisions have to be made 
as to which business processes and derived requirements are the most 
valuable ones and hence as to where effort should be spent reasonably 
on elicitation and analysis activities.  
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In the following, a motivating scenario during an incremental BPRE pro-
cess is given in which several business processes should be analyzed: 

Motivating Scenario – Requirements Elaboration Decisions according to 
State of the Art 

A large organization has decided to optimize some of its administrative business 
processes (e.g., purchasing process, invoicing and invoice payment processes, 
travel application process for managing business trips) by using an already es-
tablished BPMS solution. Every day, high costs are incurred due to inefficiencies 
in these processes, such as manual (non-IT-supported) tasks and use of out-
dated systems. Because of this, the employees working in the respective pro-
cesses are not very satisfied with their daily work.  

A requirements engineer from the organization is now asked to analyze these 
business processes and derive requirements for implementation in the BPMS 
solution. As the development cycles for the BPMS solution are short and new 
features can be released continuously, the requirements engineer uses an in-
cremental elicitation process to elicit the requirements and continuously deliver 
them to the development team for realization.  

In a meeting with the management, the business processes are prioritized with 
respect to their cost reduction potential. According to this prioritization, the 
requirements engineer wants to analyze the business processes by conducting 
workshops and interviews with the stakeholders, e.g. with employees working 
in these processes. 

The requirements engineer thus starts with the highest-priority business pro-
cess, the invoice payment process, which comprises all organizational business 
activities that are performed to pay an invoice (see elicitation step 1 in Figure 
21). The requirements engineer schedules a workshop with the stakeholders 
and elaborates an optimized workflow with them. Additionally, the identified 
business activities to be supported by the BPMS (i.e., human-system activities, 
system activities) of the process are prioritized by the stakeholders in the same 
way as the business processes. During this workshop, it already becomes ap-
parent that the invoice payment process is very complex and that there are 
many branches and exceptions with very different priorities in the process flow. 

After that, the requirements engineer starts to elaborate the business activities 
(e.g., “Register Invoice”, “Verify Invoice”) of the invoice payment process in de-
tail during interviews with the stakeholders in order to identify and elaborate 
fine-grained system functions to be implemented in the BPMS. The require-
ments engineer again starts with the highest-priority business activity (“Register 
Invoice”) in order to identify the required system functions (e.g., “Digitalize In-
voice”, “Store Invoice in DB”). The system functions are prioritized as well and 
their details are also elaborated in interviews according to their priority, starting 
with “Digitalize Invoice”. Having finished the elaboration of all system functions 

                                                      
1 The terms business process, business activity (human-system activity, system activity), and system function are 
defined in section 2.3 of this thesis. 
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of the business activity, the next activity (“Verify Invoice”) is analyzed in the 
same way (see elicitation steps 2-12 in Figure 2).  

During this procedure, the requirements engineer is continuously faced with 
decisions regarding the elicitation order: Is it really beneficial to always elabo-
rate all system functions in detail before moving to another business activity? 
Or is it more beneficial to skip some system functions and continue with the 
elaboration of a different business activity? Is it even beneficial to elaborate all 
activities of a business process completely? Or is it even more valuable to elab-
orate another business process before having addressed all business activities 
of the current process? The reason is that analyzing all activities and system 
functions of a complex business process will take much time and that time could 
be used to focus on more important requirements from another business pro-
cess in scope. As the requirements engineer is unaware of an optimized elicita-
tion order, more valuable requirements are elicited too late, leading to missed 
business gains in terms of cost savings. 

Furthermore, when considering the prioritization, the requirements engineer is 
even unsure whether all relevant prioritization criteria are really used. What are 
the actual relevant prioritization criteria that define the value of a business pro-
cess, business activity, or system function for the project or the organization?  
Wouldn’t it be also of importance to consider the satisfaction for the people 
working in the business processes as a prioritization criterion, for example? The 
reason is that using inappropriate criteria may lead to wrong priorities not re-
flecting the actual value that a business process, business activity, or system 
function has for the organization. 

 

Figure 2.  State-of-the-Art Elicitation Order in Incremental BPRE 
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Unfortunately, in practice the situation is even worse and because of ad 
hoc and opportunistic behavior during requirements engineering [AW05], 
too much time and effort is spent on requirements of minor importance. 
Even though decision-making plays a vital role in the value-generation 
process [NR05], a key reason for this problem is insufficient requirements 
prioritization and missing decision support during requirements refine-
ment in BPRE. 

In the literature, numerous prioritization approaches can be found, differ-
ing, for example, in terms of their procedure, complexity, and calculations 
(cf., e.g., [RD10]). Also, several approaches exist to prioritize requirements 
structured in hierarchies [BJ06]. However, the direct application of these 
techniques in practice is problematic in the depicted BPRE context. Most 
prioritization approaches are too generic [HD08] to provide an appropriate 
solution. In particular, the specifics of the different requirements types are 
not regarded and prioritization criteria suitable for the BPRE context are 
missing, making an appropriate assessment very hard. Organizations of-
ten do not know what the relevant criteria are for expressing value in their 
context;  also, guidance on how to determine useful criteria is not pro-
vided by available prioritization approaches [Ber07] [TCB+09]. Further-
more, most prioritization approaches are intended to be applied after the 
elicitation process is finished (i.e., on a final set of requirements). They are 
not specific for incremental requirements elicitation, e.g., they do not sup-
port prioritization already during or for elicitation. Thus, these approaches 
lack an important aspect: they do not provide decision support for require-
ments elicitation, which is an essential issue especially in large require-
ments hierarchies during incremental elicitation.  

Furthermore, in these early phases, the decisions and their rationales are 
very informal. Prioritization decisions are mostly based on tacit knowledge 
or feelings instead of rigorous prioritization methods [LKK04]. The conse-
quence is that decisions about the elicitation order are made ad hoc, re-
sulting in rather random elicitation of requirements in terms of their im-
portance. However, prioritization and decision-making [BAW08] [KL09] as 
well as appropriate guidance [KL09] are essential for a value-oriented RE 
process. Thus, focusing on the requirements of minor importance can af-
fect project performance negatively in several ways: 

Wasted effort and low business value. Requirements that are elic-
ited during RE but which are actually of minor importance (e.g., re-
quirements describing system functions with low value to the cus-
tomer) might never be realized during development. Thus, RE effort 
is wasted and eventually additional effort (e.g., additional workshops 
and interviews) must be spent in order to focus on more valuable re-
quirements. If requirements of minor importance are actually realized, 
development effort is wasted on requirements that barely increase the 
business value of the system. Furthermore, another consequence is 
that the business value of the system will be low because important 
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requirements are missed, resulting in lower stakeholder satisfaction. 
Later correction may lead to costly changes. 

Missed business gains. If requirements of minor importance are elic-
ited first, the elicitation of more valuable requirements is postponed 
to a later point in time. This is the case if too much time is spent on 
eliciting abstract requirements (i.e. a breadth-first strategy, see Figure 
3) or if more valuable requirements are exploited too late because of 
too rigorous refinement (i.e., depth-first strategy). In critical cases, this 
may ultimately lead to a loss of revenue because important function-
ality is released too late. 

 

Figure 3.  Missed Business Gains due to Inefficient Requirements Elicitation 

To summarize, the practical problem to be solved by this thesis is the un-
focused requirements elicitation process in incremental BPRE and, as a 
consequence, the lower project performance in different manifestations. 
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Figure 4.  Valuable Elicitation through Improved Prioritization and Decision-Making 

On the one hand, this is realized by making the prioritization more effec-
tive and efficient by providing a comprehensive prioritization criteria 
model for the BPRE domain. Utilizing the model facilitates the selection of 
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ment decisions by being provided with statistically evaluated decision heu-
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valuable requirement to elaborate next. In this way, requirements engi-
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tion of the requirements. In the following, the motivating scenario from 
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proposes starting the elaboration with the invoice payment process (see elicita-
tion step 1 in Figure 5). The requirements engineer schedules a workshop with 
the stakeholders and elaborates an optimized workflow with them. Addition-
ally, the identified business activities to be supported by the BPMS (i.e., human-
system activities, system activities) of the process are prioritized by the stake-
holders in the same way as the business processes using the BPRE prioritization 
tool. 

After that, the requirements engineer makes plans to elaborate the business 
activities of the invoice payment process in detail. According to the BPRE prior-
itization approach, the requirements engineer does not elaborate all business 
activities of the invoice payment process immediately but rather focuses re-
quirements elicitation on the most valuable business activities and postpones 
the less valuable ones to a later point in time. To determine which business 
activity to elaborate first, the requirements engineer applies the decision heu-
ristic to the current set of unelaborated prioritized requirements (i.e., business 
processes and business activities) using the BPRE prioritization tool. Applying 
the decision heuristic, the BPRE prioritization tool proposes continuing elabora-
tion with the business activity “Register Invoice”. The requirements engineer 
thus starts to elaborate this business activity in an interview with a stakeholder 
and identifies the required system functions (see elicitation step 2 in Figure 5). 
These system functions are prioritized as well using the BPRE prioritization tool.  

Once again, the requirements engineer applies the decision heuristic to the cur-
rent set of unelaborated prioritized requirements (i.e., business processes, busi-
ness activities, and system functions) in order to determine the next require-
ment to be elaborated. In this case, the tool proposes elaborating the system 
function “Digitalize Invoice”. Repeating this procedure, the tool proposes elab-
orating the system function “Store Invoice in DB” according to the decision 
heuristic (see elicitation steps 3 & 4  in Figure 5).  

After that, the tool proposes continuing directly with the elaboration of the 
next business activity “Verify Invoice” instead of finishing the elaboration of the 
system functions of the first business activity. This is proposed because accord-
ing to the decision heuristic, elaborating the next business activity is more val-
uable than elaborating the system functions at this point in time. The elabora-
tion of these system functions is postponed to a later point in time. The require-
ments engineer thus elaborates the next activity, identifies its system functions, 
and prioritizes them with the help of the BPRE prioritization tool (see elicitation 
step 5 in Figure 5). Following the BPRE prioritization approach and applying the 
decision heuristic again, the tool proposes elaborating the system functions 
“Show Registered Invoice” and “Check Consistency” before proceeding with 
the next business activity “Approve Invoice” (see elicitation steps 6-8 in Figure 
5). Again, the elaboration of some system functions is postponed in favor of 
the elaboration of the next business activity.  

The requirements engineer is thus continuously supported in deciding which 
requirements should be elaborated next at a certain point during the elicitation. 
The most valuable requirements are elicited first, optimizing time to value and 
realizing the desired business gains of the organization in terms of cost savings, 
complexity reduction, and end user satisfaction. Furthermore, having identified 
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the relevant prioritization criteria from the BPRE prioritization criteria model, 
appropriate and effective prioritization is ensured. 

 

Figure 5.  Optimized Elicitation Order using the Thesis Approach in Incremental BPRE 

This example shows how a requirements engineer as well as an organiza-
tion may benefit from the approach proposed in this thesis.  

Thus, from a scientific point of view, the goal of this thesis is to provide a 
systematic prioritization approach for the determination of a more valua-
ble elicitation order in incremental BPRE. This leads to the following re-
search questions to be addressed in this thesis: 

RQ1. In what way can requirements prioritization be integrated into 
an incremental BPRE elicitation process? 

RQ2. Which prioritization criteria can be utilized in order to make pri-
oritization in BPRE more effective?  

RQ3. How can requirements priorities be utilized in decision-making 
to perform valuable incremental requirements elicitation in BPRE? 

Figure 6 presents the overall solution idea of the thesis. 
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Figure 6.  Thesis Approach with Inputs and Outputs 

In the Preparation Phase, the BPRE Prioritization Criteria Model is tailored 
based on the project goals and / or general goals of the organization. The 
result is a weighted set of prioritization criteria, which is then used for the 
actual prioritization in the following phase. Furthermore, a Decision Heu-
ristic from a set of Decision Heuristics is selected, which will be applied in 
the Requirements Elicitation Phase. In the requirements elicitation phase, 
the selected set of criteria is used to conduct prioritization-aware elicita-
tion of requirements, i.e., identification, prioritization, and elaboration are 
performed in an iterative sequence. This means that prioritization is used 
to determine which of the identified requirements from the requirements 
hierarchy will be elaborated next. This decision is provided by the decision 
heuristic. The identified and prioritized requirements that have not been 
elaborated yet are stored in a requirements backlog. The requirements 
backlog therefore consists of requirements on different levels of abstrac-
tion, with the requirements on the lowest abstraction level serving as input 
for Realization. Realization itself describes the activities in subsequent 
steps of the software development process, e.g., design and implementa-
tion activities, which are not further elaborated here. It is assumed that a 
flexible development approach is utilized in order to exploit the benefits 
of such an optimized elicitation order. This is adapted from agile ap-
proaches such as Scrum [Sch97] [SB01], where requirements are stored in 
a product backlog for further refinement. This repetitive procedure con-
sisting of prioritization, selection decision, and resulting elaboration and 
identification is iterated until the project ends, i.e., until the requirements 
tree is completely elaborated or until the resources for elicitation are ex-
hausted. The goal of a decision heuristic is to guide the requirements en-
gineer in such a way that the most valuable functionality is elicited first 
while at the same time expending as little elicitation effort as possible. 
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Aktivität HSA2. Urlaubsantrag ändern 

Akteur Mitarbeiter 

Kurzbeschreibung Der Akteur ändert einen bestehenden Urlaubsantrag ab, um den geplanten 
Urlaub an eine veränderte Situation anzupassen. Dabei plausibilisiert das 
System automatisch die Eingaben des Akteurs gegen das Urlaubskonto sowie 
bestehende Regeln, um Korrektheit und Vollständigkeit der Angaben zu 
gewährleisten. 

Ablauf  1. Der Akteur öffnet einen bestehenden Urlaubsantrag. 
2. Der Akteur ändert die Daten des Urlaubsantrags ab. 
3. Das System prüft die Eingaben gegen bestehende Geschäftsregeln. 
4. Werden Regelverletzungen erkannt, fordert das System den Akteur 

solange auf seine Eingaben zu korrigieren, bis keine Regelverletzung mehr 
vorliegt. 

5. Der Akteur sendet den geänderten Urlaubsantrag ab. 
6. Das System bricht den vorherigen Urlaubsantrag ohne 

Kompensationsmaßnahmen ab, d.h. alle Buchungen des bisherigen 
Urlaubsantrags bleiben zunächst erhalten.  

7. Das System benachrichtigt den zuständigen Personalbetreuer über den 
vorliegenden, geänderten Urlaubsantrag. 

8. Das System leitet den Urlaubsantrag weiter. 

Ausnahmen keine 

Geschäftsregeln §1. Es können nur Urlaube geändert werden, die noch ausstehen oder noch 
nicht begonnen sind. 
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Urlaub an eine veränderte Situation anzupassen. Dabei plausibilisiert das 
System automatisch die Eingaben des Akteurs gegen das Urlaubskonto sowie 
bestehende Regeln, um Korrektheit und Vollständigkeit der Angaben zu 
gewährleisten. 

Ablauf  1. Der Akteur öffnet einen bestehenden Urlaubsantrag. 
2. Der Akteur ändert die Daten des Urlaubsantrags ab. 
3. Das System prüft die Eingaben gegen bestehende Geschäftsregeln. 
4. Werden Regelverletzungen erkannt, fordert das System den Akteur 

solange auf seine Eingaben zu korrigieren, bis keine Regelverletzung mehr 
vorliegt. 

5. Der Akteur sendet den geänderten Urlaubsantrag ab. 
6. Das System bricht den vorherigen Urlaubsantrag ohne 

Kompensationsmaßnahmen ab, d.h. alle Buchungen des bisherigen 
Urlaubsantrags bleiben zunächst erhalten.  

7. Das System benachrichtigt den zuständigen Personalbetreuer über den 
vorliegenden, geänderten Urlaubsantrag. 

8. Das System leitet den Urlaubsantrag weiter. 

Ausnahmen keine 

Geschäftsregeln §1. Es können nur Urlaube geändert werden, die noch ausstehen oder noch 
nicht begonnen sind. 

Qualitäts-
anforderungen 

keine 
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Conceptual Foundations and Models 

BPRE Prioritization-Elicitation Integration Model. This model provides 
the conceptual foundation of the thesis by describing the integration 
of prioritization into an adaptive incremental BPRE elicitation process. 
(Addresses RQ1) 

BPRE Prioritization Criteria Model. This model includes a comprehen-
sive, structured set of prioritization criteria (including definitions, ex-
ample metrics, and an importance and ease-of-assessment rating for 
each criterion based on an expert survey) customized for the BPRE 
context. To achieve a comprehensive set of prioritization criteria tai-
lored to the BPRE domain, it is based on an extensive systematic liter-
ature review covering the area of prioritization and business process 
improvement. It supports the requirements engineer in selecting ap-
propriate prioritization criteria for prioritizing requirements in BPRE. 
(Addresses RQ2) 

BPRE Simulation Model. This model describes a BPRE requirements hi-
erarchy and further aspects needed for performing simulated incre-
mental requirements elicitation. The basic model assumptions were 
verified with domain industry experts during interviews. (Addresses 
RQ3) 

Methodological Support 

Decision Heuristics. The formalized set of newly proposed algorithmic, 
priority-based decision heuristics supports the requirements engineer 
in deciding about which requirements should be elaborated next at a 
certain point during elicitation. (Addresses RQ3) 

BPRE Prioritization Process. This process describes the flow of activities 
that have to be carried out by a requirements engineer in order to 
prioritize requirements and make elaboration decisions based on the 
available requirements information. The prioritization process inte-
grates the concepts of the BPRE prioritization-elicitation integration 
model, the BPRE prioritization criteria model, as well as the decision 
heuristics. (Addresses RQ1) 

Tooling 

BPRE Simulation Tool. The simulation tool integrates the simulation 
model for the BPRE domain and supports the evaluation of the deci-
sion heuristics. It is used to compare the performance of a decision 
heuristic during incremental requirements elicitation in certain BPRE 
requirements hierarchies. (Addresses RQ3) 
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BPRE Prioritization Tool. The BPRE prioritization tool supports the re-
quirements engineer in performing the BPRE prioritization process 
during prioritization criteria selection, by automating priority calcula-
tion and especially by providing the decision-heuristic-based elabora-
tion decision based on the current elicited requirements hierarchy. 
(Addresses RQ1-RQ3) 

Empirical Evaluation 

Expert Survey. The survey evaluates the BPRE prioritization criteria 
model with regard to (1) suitability for the BPRE context, (2) increase 
of criteria awareness (e.g., for suitable criteria), (3) project risk reduc-
tion (e.g., as a result of better decisions) and (4) project effort reduc-
tion (e.g., reduced prioritization effort) from the viewpoint of domain 
experts. It further evaluates each prioritization criterion of the model 
concerning the importance for and ease of assessment during priori-
tization based on the experts’ experience. (Addresses RQ2) 

Simulation Experiment. In the controlled simulation experiment, the 
different decision heuristics (state of the art, as well as newly pro-
posed heuristics) are investigated on many different data sets, which 
would not be possible in a real-world setting. The main research ques-
tion to be answered is whether requirements elicitation efficiency in 
incremental BPRE differs between these decision heuristics. (Ad-
dresses RQ3) 

Feasibility Study. The feasibility study evaluates the BPRE prioritization 
process with sample data in order to gather initial practical feedback 
as well as data about the effort required for conducting the prioriti-
zation activities according to the process. (Addresses RQ1) 

To summarize, the main contribution of this thesis is a systematic, tool-
based prioritization approach integrating domain-relevant prioritization 
criteria and algorithmic decision heuristics for the determination of a more 
valuable elicitation order in incremental BPRE. To make this happen, the 
approach is based on a conceptual model expressing the relationships be-
tween adaptive incremental requirements elicitation and requirements pri-
oritization. 

With regard to the problem domain and research questions RQ1 and RQ2, 
the solution idea aims at providing the following benefit: 
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MH1. Prioritization Effectiveness & Efficiency 
 
The usage of the prioritization approach in BPRE will result in more effective 
and efficient prioritization compared to the state of the art. 
 
Regarding effectiveness and efficiency, it is expected that the prioritization cri-
teria will  be suitable for the BPRE context and that the usage of the BPRE pri-
oritization criteria model will positively influence the following quality aspects: 
prioritization criteria awareness (e.g., awareness of suitable prioritization crite-
ria), project risk reduction (e.g., making better decisions during prioritization in 
terms of accuracy), and project effort reduction (e.g., reducing the effort for 
prioritization using project-specific criteria). 
 

With regard to the problem domain and research questions RQ1 and RQ3, 
the solution idea aims at providing the following benefit: 

MH2. Valuable Elicitation (Elicitation Efficiency) 
 
The usage of the prioritization approach in BPRE will result in higher require-
ments elicitation efficiency (i.e., elicitation of requirements in a more valuable 
order) compared to state-of-the-art elicitation orders. 
 
It is expected that the usage of the newly proposed decision heuristics during 
prioritization will achieve at least 10% higher efficiency during incremental re-
quirements elicitation compared to state-of-the-art elicitation orders. 

These hypotheses are directly related to the research questions and goals 
of this thesis (as according to the principles  of  the experimental  software  
engineering paradigm, research always involves gaining understanding 
about the usefulness of a solution and validating the effects of the solu-
tion [Bas93]). Figure 7 summarizes these relationships between the afore-
mentioned practical thesis goal (PG), the scientific goal (SG), the research 
questions (RQ), and the main hypotheses (MH). The main hypotheses will 
be further refined in later chapters of the thesis. They were evaluated in 
in an industry expert survey (section 4.5) as well as in a controlled simula-
tion experiment (section 5.5). 
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Figure 7.  Relationship between Thesis Goals, Research Questions, and Main Hypotheses 

1.4 Assumptions and Limitations 

The full benefits of the approach presented in this thesis are not expected 
to be achieved in every incremental BPRE setting. The thesis is based on 
the following main assumptions and limitations: 

Flexible development approach. In order to achieve the full benefits 
of an optimized elicitation order, the realization of the elaborated re-
quirements ideally needs to be as flexible as possible. This means that 
development needs to be able to adapt to new requirements as they 
are delivered from requirements engineering, even if they are emerg-
ing from different contexts (e.g., different business processes). Thus, 
the underlying system architecture also needs to be capable of dealing 
with this flexibility.  

Realization activities not regarded. This thesis does not investigate the 
concrete realization (e.g., design and implementation) activities that 
are performed after a requirement is elaborated. The requirements 
backlog as shown in Figure 6 is used as an interface to these subse-
quent realization phases. Concrete release planning activities (e.g., as-
signing requirements to particular releases) are therefore beyond the 
scope of this work. 

No requirements elicitation and specification procedures. Even if the 
prioritization approach in this thesis is strongly integrated with re-
quirements elicitation, details on how to elicit requirements are be-
yond the scope of this thesis. This thesis only describes what is typi-
cally elicited during BPRE elicitation (see chapter 2) and abstracts from 
how this is concretely done. Therefore, it is not described how to 

RQ3. How can requirements priorities be 
utilized in decision-making to perform 
valuable incremental requirements 
elicitation in BPRE?

PG. Improved project performance due to a more focused 
requirements elicitation process during incremental 
business-process-driven requirements engineering (BPRE).

MH2. Valuable Elicitation (Elicitation Efficiency):
The usage of the prioritization approach in BPRE will 
result in higher requirements elicitation efficiency 
(i.e., elicitation of requirements in a more valuable 
order) compared to state-of-the-art elicitation orders.

MH1. Prioritization Effectiveness & Efficiency:
The usage of the prioritization approach in 
BPRE will result in more effective and efficient 
prioritization compared to the state of the art.

SG. Provide a systematic prioritization approach for the 
determination of a more valuable elicitation order in 
incremental BPRE.
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incremental BPRE elicitation process?

RQ2. Which prioritization
criteria can be utilized in 
order to make prioritization
in BPRE more effective?

on RQ3.y can
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gather information about certain requirements (e.g., how to perform 
a business process elicitation workshop) or how to specify different 
requirements (e.g., using different notations, templates, sentence 
patterns).  

Only functional requirements. In this thesis, the focus of prioritization 
and elicitation is primarily on functional requirements. Non-functional 
requirements, quality requirements, or constraints are typically pro-
cessed using particular methods [Doe10] and constitute their own 
field of investigation. Thus, they are not explicitly addressed in this 
thesis. However, relevant related work in this area is discussed in 
chapter 3. 

Stable requirements. Even if the discussed requirements elicitation 
process in this thesis is highly dynamic and adaptive, this thesis inten-
tionally does not investigate the effects of changing requirements af-
ter their elicitation. Thus, the area of change management and its im-
pact on requirements elicitation and prioritization are not within the 
scope of this thesis. 

Existing calculation schemes. This thesis does not investigate how to 
improve prioritization by creating novel mathematical calculation pro-
cedures. It does analyze existing work and utilizes the most suitable 
existing techniques from the literature, including their assessment 
procedures. 

1.5 Research Approach 

In order to tackle the research questions, a systematic research process 
based on the design science paradigm for information systems research 
was applied [HMP+04] [PTG+06]. It is a problem-solving paradigm that 
seeks to create innovative ideas, practices, technical capabilities, and prod-
ucts and allows performing effective and efficient analysis, design, imple-
mentation, management, and use of information systems [HMPT+04]. The 
following section describes how the research was conducted according to 
the design science process proposed in [PTG+06]: 

1) Problem Identification and Motivation. During several industry (as 
well as research) projects at Fraunhofer IESE, it was observed that or-
ganizations faced different problems with prioritization during incre-
mental requirements elicitation in business-process-driven develop-
ment projects. Lacking appropriate prioritization approaches, deci-
sions were often made ad hoc, resulting in low project performance 
because of wasted effort and high rework. During discussions with 
industry experts, the need for a more systematic approach was con-
firmed. Thus, it was decided to tackle the problem in this thesis and 
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to analyze this problem in more detail. As a starting point, the char-
acteristics and challenges of BPRE projects were collected in order to 
find an appropriate solution. 

2) Objectives for a Solution. Based on the experiences made during 
the industry and research projects as well as the collected challenges, 
requirements for a prioritization approach were defined in order to 
tackle the observed problems. Based on this, the state of the art in 
requirements prioritization was analyzed. It quickly became apparent 
that available prioritization approaches were lacking some essential 
aspects that would be needed to make them applicable in the BPRE 
domain and to solve these problems. Furthermore, it was found that 
the lack of decision support during requirements elicitation had also 
been noticed in the literature [NR05]. By providing the problem state-
ment and initial solution ideas to the research community in require-
ments prioritization [RAG11] [ARG12] [RDH12] [Rie12], early feedback 
was gathered, which confirmed the actual importance of the problem 
and motivated the pursuit of the solution idea.  

3) Design and Development. During the course of the thesis, the dif-
ferent building blocks of the solution idea were elaborated. Besides 
the work on the actual integration of elicitation and prioritization and 
the resulting BPRE prioritization process, this also included the crea-
tion of the other solution artifacts that were needed as input for the 
method, i.e., the BPRE prioritization criteria model and the decision 
heuristics. 

4) Demonstration. For evaluating the performance of the decision heu-
ristics, a BPRE simulation model and a supporting software tool for 
performing the simulation had to be developed. In order to verify the 
model assumptions, they were discussed with domain experts from 
industry and adapted according to their feedback. The model was 
then integrated into the simulation tool in order to run several simu-
lations for evaluating the performance of the decision heuristics. Fur-
thermore, a survey with experts from the business process manage-
ment industry was performed in order to evaluate the BPRE prioritiza-
tion criteria model. Finally, a prototypical prioritization software was 
developed in order to demonstrate and support the prioritization ap-
proach. The tool was then applied in a feasibility study conducted to 
gather initial feedback about the practical application of the BPRE pri-
oritization process. 

5) Evaluation. The simulation of the decision heuristics led to a clear 
picture of which decision heuristics were the most promising ones in 
the simulated settings and thus confirmed one of the main hypothe-
ses of the thesis. Also, the expert survey of the BPRE prioritization 
criteria model confirmed the expected hypothesis. Positive feedback 
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as well as improvement potential could be gathered during the feasi-
bility study. Based on the results, open issues for future work were 
identified. 

6) Communication. During the course of the thesis, the research activ-
ities and their results were continuously published at the main work-
shops, conferences, and journals dealing with requirements engineer-
ing and prioritization (e.g., International Requirements Engineering 
Conference, International Working Conference on Requirements En-
gineering: Foundation for Software Quality (REFSQ), International 
Workshop on Requirements Prioritization and Communication (Re-
PriCo)). Besides the publishing of the problem statement and all main 
artifacts of the solution ([RAU10], [RAG11] [ARG12] [RDH12] [Rie12] 
[Rie13a] [Rie13b] [RD14] [RD15]) and the presentation of the topic at 
the professional group for requirements engineering at the German 
Informatics Society (GI) [GI12], synergies with other research activities 
dealing with related problems ([JRR11] [JRW11] [RUJ11]) could also be 
established. Thus, the problem statement and the solution ideas were 
discussed intensively with researchers and practitioners. Discussions at 
conferences and workshops as well as with colleagues resulted in im-
portant feedback and continuous validation of the concepts. Further-
more, an important source of feedback was the discussion with in-
dustry experts from the domain of business-process-driven software 
development during telephone interviews and during workshops in 
project work at Fraunhofer IESE. Thus, direct feedback from experi-
enced experts in the domain of business-process-driven software de-
velopment could be collected.  

1.6 Outline 

This thesis is structured as follows: In chapter 2, the foundation for the 
thesis is described. The main purpose of the chapter is to explain the con-
ceptual relationships between incremental requirements elicitation in 
BPRE and requirements prioritization. In order to do that, the chapter 
starts with a description of relevant basic requirements engineering terms, 
followed by a best-practice reference object model, which describes topics 
that are typically discussed during requirements engineering in business-
process-driven development projects. This model is needed to understand 
the relationships between the different requirements types that are elic-
ited during BPRE and to show which of them are actually considered dur-
ing prioritization. As this thesis does not provide novel methods for re-
quirements elicitation, the task-oriented requirements engineering frame-
work (TORE) is introduced as the underlying state-of-the-art BPRE ap-
proach. Based on TORE, different BPRE elicitation process types are de-
scribed. Special attention is given to adaptive incremental elicitation (as it 
represents the elicitation process type in the focus of this thesis), which is 
compared to the other process types. The chapter closes with a description 
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of requirements that a prioritization approach shall fulfill in order to be 
applicable in an adaptive incremental BPRE elicitation process. 

In chapter 3, an overview of related work in the literature is given. It de-
scribes relevant work in the area of requirements prioritization during elic-
itation as well as hierarchical prioritization approaches. These approaches 
are then assessed against the requirements for a prioritization approach 
that were defined in chapter 2 in order to depict the gaps in these ap-
proaches. Another purpose of the chapter is the selection of the most 
suitable prioritization approach from the literature to serve as a basis for 
extension and integration in the BPRE prioritization process presented in 
chapter 6. 

In chapter 4, the BPRE prioritization criteria model is introduced. The sys-
tematic literature review that was performed for collecting the criteria, the 
process for the creation of the model, as well as its structure and the de-
tailed contents of the model are described. Furthermore, it also includes 
the experts’ opinions of the importance and ease of assessment of each 
criterion. This information was collected in a survey done with industry 
domain experts. During this survey, the evaluation of the model with re-
spect to the first main hypothesis of the thesis was also performed, which 
is also described in this chapter. 

In chapter 5, it is explained how priorities can be utilized to guide the 
requirements elicitation process by means of a decision heuristic. The 
chapter discusses the state of the art and presents the decision heuristics 
that were collected and newly created for application in the BPRE prioriti-
zation process. In addition, the simulation experiment performed to eval-
uate the performance of the decision heuristics with regard to require-
ments elicitation efficiency is explained. The underlying model assump-
tions as well as the statistical evaluation are described. Furthermore, the 
chapter presents an overview of the simulation results achieved using dif-
ferent model assumptions and gives recommendations on which decision 
heuristic to use in which setting. 

In chapter 6, the BPRE prioritization process is described, which integrates 
the contributions of the previous chapters, primarily the BPRE prioritization 
criteria model and the decision heuristics. The activities of the process are 
explained and the prototypical tool support for the different steps is 
shown. The chapter clarifies the preparation phase (i.e., the steps that 
have to be carried out prior to the actual prioritization and elicitation) as 
well as the steps during the actual requirements elicitation phase. Further-
more, it presents an example application of the process and also describes 
the feasibility study that was performed to gather practical feedback dur-
ing the usage of the process. 

Chapter 7 closes the thesis and summarizes the results and its contribu-
tions. Furthermore, it discusses limitations and potential for future work. 
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2 Foundations 

“He who has not first laid his foundations 
may be able with great ability to lay them afterwards, 

but they will be laid with trouble to the architect 
and danger to the building.“   

Niccolò Machiavelli 

As depicted in section 1.3, this thesis provides a systematic approach for 
prioritizing requirements during incremental BPRE that aims at determin-
ing a more valuable elicitation order. The main purpose of this chapter is 
to explain the underlying conceptual basis of the approach, i.e., the con-
ceptual relationships between incremental requirements elicitation in 
BPRE and requirements prioritization. In order to do that, the chapter 
starts with a description of relevant basic requirements engineering terms, 
followed by a best-practice reference object model, which describes topics 
that are typically discussed during requirements engineering in business-
process-driven development projects. This model is needed to understand 
the relationships between the different requirements types that are elic-
ited during BPRE and to show which of them are actually considered dur-
ing prioritization. As this thesis does not provide novel methods for re-
quirements elicitation, TORE will be introduced as the underlying state-of-
the-art BPRE approach, as will be different elicitation process types based 
upon it. Special attention will be given to adaptive incremental elicitation 
(as it represents the elicitation process type in the focus of this thesis), 
which will be compared to the other process types. The chapter closes 
with a description of requirements that a prioritization approach shall ful-
fill in order to be applicable in an adaptive incremental BPRE elicitation 
process. 

2.1 Research Approach 

In order to create the foundations for this thesis, the first step (1) was to 
consolidate and integrate existing literature, past project experience, and 
especially ongoing research at Fraunhofer IESE in the area of business-
process-driven requirements engineering (see Figure 8). Existing concepts 
from the literature were analyzed and extended in order to create an initial 
version of the foundations, i.e., the conceptual integration of an adaptive 
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incremental BPRE process with prioritization. Already during this step, sev-
eral interviews and discussions with requirements engineering experts as 
well as with architects at Fraunhofer IESE took place in order to gather 
their opinions. The finished initial version of the foundations was also dis-
cussed with the experts at Fraunhofer IESE in order to get their feedback 
(2). In addition to the adaptations based on this feedback, new insights 
obtained during the course of the thesis were also integrated and contin-
uously discussed with the experts, resulting in its final version presented 
in this thesis (3). 

 

Figure 8.  Research Approach for Foundations 

2.2 Basic Requirements Engineering Concepts 

Typically, “requirements are defined during the early stages of a system 
development project as a specification of what should be implemented” 
[KS98] and occupy a central role [PR11]. They are the basis for communi-
cation, contracting, system integration, maintenance and architecture, as 
well as for optimization of customer satisfaction, increase of employee 
satisfaction, or opening of optimization potential [Rup07]. They are de-
scriptions of system behavior, application domain information, constraints 
on the system‘s operation, specifications of a system property, or even 
constraints on the development process of the system [KS98]. Briefly, “a 
requirement is something the product must do or a quality it must have” 
[RR06]. In this thesis, the term requirement is defined as follows: 

Definition – Requirement 

A requirement is a piece of information about a property or capability a system 
shall have, or about a characteristic of the usage environment, that a system 
shall consider in order to satisfy a stakeholder goal. [Ada12] [PR11] 
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The purpose of a requirement is therefore the specification of any kind of 
system from an external point of view, i.e., from the perspective of a stake-
holder who has certain goals that should be satisfied by the system 
[ARG+12]. In this thesis, these terms are defined as follows: 

Definition – System 

“A system is a set of components interacting with each other to satisfy some 
global objectives.” [Lam09] 

Definition – Stakeholder 

“A stakeholder is a person or organization who will be affected by the system 
or who has a direct or indirect influence on the system’s requirements.” [KS98] 

Definition – Goal 

A goal is a worthwhile state in the future to be achieved by the system under 
consideration [GA02] [Lam01] [Rup07]. 

Figure 9 shows an excerpt of a meta-model explaining the meaning and 
relationships of basic RE terms such as system, requirement, goal, stake-
holder, etc. (adapted2 from [Ada12] and [ARG+12]). It shows that goals 
are not explicitly considered as requirements here but are rather defined 
as a state in the future that has to be reached or fulfilled when the re-
quirements are implemented. 

 

Figure 9.  Basic Requirements Engineering Terms (adapted from [Ada12] and [ARG+12]) 

                                                      
2 In this thesis, the term “Reference Object” is used instead of the term “Issue”. 
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According to this model, a requirement is always concerned with a refer-
ence object. Reference objects therefore cover both functional (e.g., sys-
tem functions) and non-functional system aspects, as well as elements of 
the usage environment for which a system must be designed in order to 
provide appropriate support (e.g., business processes, user roles, interac-
tion data) [Ada12] [ARG+12]. 

Definition – Reference Object 

A reference object is an inherent element that is either part of a system or part 
of the system’s usage environment [Ada12] [ARG+12]. 

As the reference objects represent elements of the real world, there exist 
relationships between them, as well as between goals and requirements.  

During requirements engineering, information about stakeholders, goals, 
requirements, reference objects, and their relationships is documented 
[ARG+12]. Thus, these elements are described by tangible artifacts, which 
are defined as follows: 

Definition – Artifact 

An artifact is an object produced or shaped by human conception or agency in 
order to externalize information about a concept [ARG+12]. 

The relevant reference object classes for this thesis and their relationships 
are described in detail in the next section. 

2.3 Reference Object Classes 

As described above, requirements are always concerned with a reference 
object. The relationships between the reference object classes therefore 
also specify the structure of the requirements that are referencing them. 
The reference object classes for the development of business information 
systems and their relationships are presented in [Ada12] and [ARG+12] 
(and also partly in [ANT10] and [ANT+11]). In these works, a “reference 
issue model” (or “reference object model”) is presented, which contains 
a concrete set of reference object classes as well as their relationships for 
which requirements typically have to be elicited (and described) in the 
business process domain. In the following, the excerpt of the reference 
object model that is relevant for this thesis will be described (see Figure 
10). The model is a slightly adapted version of the one found in [Ada12] 
and [ARG+12]. The concrete adaptations will be described below. 
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Figure 10.  Important Reference Objects Classes in the Information Systems Domain (adapted from 
[Ada12] and [ARG+12]) 

The root of the model is a Project in which a particular information system 
should be developed or introduced. In a project, at least one Business Pro-
cess is considered for which this system may be relevant, respectively 
which shall be supported by the system3. A business process is a specific 
type of business activity [ANT10] [ANT+11] [Ada12] [ARG+12]. The busi-
ness process represents an essential reference object class, as the system 
functionality is derived from the business processes. 

Definition – Project 

“A project is a temporary endeavor undertaken to create a unique product, 
service, or result.” [PMI04] 
 
Definition – Business Process 

A business process is a business activity that comprises a specific ordering of 
other business activities across time, people, and places, with a beginning, an 
end, and clearly identified inputs and outputs [Ada12] [ARG+12]. 

                                                      
3 In the model presented in [Ada12] and [ARG+12], business processes are related to a project by business ser-
vices and business areas. In this thesis, it is abstracted from this indirection.  
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Definition – Business Activity 

“A business activity is a work step with clearly identified inputs and outputs that 
ends in a stable state with value for the business.” [Ada12] 

An example of a business process of an organization is a “Travel Applica-
tion Process”, a process that is performed if an employee wants to request 
approval for a business trip. A business activity in this process is “Create 
Travel Request”, describing the activity of an employee of filling out and 
forwarding a travel request form to his / her boss.  

Depending on its level of abstraction, each business process can either be 
decomposed recursively into further (sub-) business processes or may 
merely comprise Elementary Business Activities [ANT10] [ANT+11] [Ada12] 
[ARG+12].  

Definition – Elementary Business Activity 

An elementary business activity is an atomic step in a business process that 
results in a valuable, stable state and that is performed by a single role, system 
or with a partner system [ANT10] [ANT+11] [Ada12] [ARG+12]. 

Business activities are performed by Roles (e.g., project manager, team 
leader, department head) [ANT10] [ANT+11] [Ada12] [ARG+12].  

Definition – Role 

A role is a class of persons with similar responsibilities, rights, and tasks [Rup02]. 

Furthermore, business activities use Business Objects (e.g., travel applica-
tion, travel documents, bills, etc.) as input and output while considering 
Business Rules that may govern and control their execution [ANT+11] 
[Ada12] [ARG+12]. 

Definition – Business Object 

A business object is an entity that is handled in and affected by business pro-
cesses [SGD+01] [ANT+11] [Ada12] [ARG+12]. 
 
Definition – Business Rule 

A business rule is a policy, guideline, standard, or regulation that defines, con-
strains, or governs some aspect of an organization [WB13]. 

Specific kinds of elementary business activities are Human Activities 
[ANT+11] [Ada12] [ARG+12]. These activities are typically not of interest 
for system development, but may help to identify novel automation pos-
sibilities. 
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Definition – Human Activity 

A human activity is an elementary business activity that is performed by exactly 
one person acting as a role without any system support [ANT+11] [Ada12] 
[ARG+12]. 

There are other types of elementary business activities, namely System Ac-
tivities (also denoted as system-automated activities [ANT+11], e.g., auto-
matic replies to incoming email), Human-System Activities (also denoted 
as system-supported activities  [ANT+11], e.g., the activity “Create Travel 
Request” in the travel application process which is supported by an elec-
tronic travel application form) and System-System Activities4 (i.e., system-
system interactions such as synchronization of employee data) [Ada12] 
[ARG+12].  

Definition – System Activity 

“A system activity is an elementary business activity that is performed by exactly 
one system without any human involvement.” [Ada12] 
 
Definition – Human-System Activity 

A human-system activity is an elementary business activity that is performed by 
a user role with a system [ANT+11] [Ada12] [ARG+12]. 
 
Definition – System-System Activity 

A system-system activity is an elementary business activity between systems 
aimed at automatically exchanging data [Ada12] [ARG+12]. 

While human-system activities are performed by User Roles [Ada12] 
[ARG+12], system activities are performed by the system without any hu-
man intervention [ANT+11] [Ada12] [ARG+12].  

Definition – User Role 

“A user role is a role that interacts with a system.” [Ada12] 

However, besides user roles, Partner Systems, i.e., external systems already 
available or to be introduced in a parallel project (e.g., Enterprise Resource 
Systems), can also interact with the system [Ada12] [ARG+12]. 

 

 

                                                      
4 In the model described in [Ada12] and [ARG+12], system-system activities are denoted as system-system inter-
actions and are not directly related to elementary business activities. In this thesis, however, they are considered 
as a type of elementary business activity. 



Business-Process-Driven Requirements Engineering 

28 

Definition – Partner System 

“A partner system is an external system already available or to be introduced in 
a parallel project with which the system under development should interact.” 
[Ada12] 

For system activities, human-system activities, and system-system activi-
ties, System Functions exist that realize (parts) of these activities [ANT10] 
[ANT+11] [Ada12] [ARG+12].  

Definition – System Function 

“A system function is a reaction (i.e., state change or response) of a system that 
is triggered by an external stimulus, e.g., an environmental change, or an ex-
plicit request of a user or an external system.” [ARG+12] 

In the next section, a description of a state-of-the-art approach for BPRE, 
TORE, will be presented, as well as a description of how these reference 
object classes are aligned with it. 

2.4 Business-Process-Driven Requirements Engineering 

Although the term BPRE is often not used explicitly in requirements engi-
neering for information systems, many approaches are implicitly based 
upon the concept of deriving requirements from business processes (c.f., 
e.g., [AGN05], [ARD14], [KG06], [Rup07], [VD07], [VSP08], [CAG09], 
[LSZ+09], [VS09], [Var11], [VVS+12], [WB13], [BGM14], [BGV+14]). The 
prioritization approach presented in this thesis is based on the TORE 
framework [ARD14], a state-of-the-art approach for requirements engi-
neering for information systems. The reason for choosing this framework 
was that it systematically addresses the reference object classes presented 
in the previous section and emphasizes business processes as basis for the 
derivation of system functionality. Furthermore, it is compatible with other 
research work performed at Fraunhofer IESE.  

The aim of the TORE framework is to clarify the requirements decisions to 
be made when elaborating requirements for an information (or interac-
tive) system (see Figure 11). It has been successfully applied in over 20 
organizations in the last decade and has been continuously enhanced dur-
ing this time [ARD14]. 
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Figure 11.  The Task-oriented Requirements Engineering Framework (TORE) [ARD14] 

In the context of RE, a decision typically determines the properties and 
capabilities of a future system. 

Definition – Requirements Decision 

A requirements decision is a decision about the scope, functionality, quality, or 
usage context of a system. It therefore determines the properties and capabili-
ties of a (future) system [ARD14]. 

TORE supports completeness as it enables stakeholders to be aware of 
important decisions they have to make during requirements engineering 
in order to avoid that developers make these decisions unconsciously 
[ARD14]. In the TORE framework, the decision points are arranged on four 
different levels of abstraction [ARD14]:  

Project Level 

Business Level 

Interaction Level 

System Level. 

The decision points on the different levels including their guiding ques-
tions are listed in Table 1 [ARD14]. 
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Level Decision Point Guiding Question 
Project Project Topic What is the overall topic of the project? 

Stakeholders Who are the stakeholders (e.g., departments, 
roles, persons, etc.) that are affected by the 
project? 

Project Goals What goals is the project supposed to 
achieve? What should be the benefit at the 
end? 

Addressed Tasks & 
Processes 

Which business processes and/or user tasks 
are to be analyzed and addressed in the con-
text of the project? 

Business As-is (Process) Situa-
tion 

How are the business processes and/or user 
tasks currently performed? What are their 
strengths and weaknesses? 

To-be (Process) Situa-
tion 

How should the business processes and/or 
user tasks be performed in the future in or-
der to be able to achieve the project goals? 

System Responsibilities Which parts / steps of the to-be business 
processes and / or user tasks should be sup-
ported or even automated by the system to 
be developed? 

Business Data & Rules Which data and rules are relevant in the con-
sidered business processes and/or user tasks? 

Interaction Interactions  How should users or external systems inter-
act with the system to be developed in order 
to achieve the results of certain steps in the 
business processes and / or user tasks? 

System Functions Which system functions are needed for real-
izing the system responsibilities or interac-
tions? 

Interaction Data & 
Rules 

Which data are exchanged in the interac-
tions? Which interaction rules apply? 

Logical UI Structure How should data and system functions be 
grouped logically within the user interface?  

System GUI Layout What should the visual design of the user in-
terface look like? 

Dialogs How should the dialogs between user and 
system be designed? How do screen transi-
tions take place? 

GUI Data Which widgets should be used and which 
data should they represent? 

Specific GUI Functions Which additional functions are needed to 
support user navigation? 

System Architecture How should the system be organized / struc-
tured internally? 

Internal Functions How should the system functions be realized 
by means of methods, procedures, etc.? 

Internal Data How should the business data be repre-
sented in the data storage? 

Table 1.  Decision Points of TORE [ARD14] 

For elaborating requirements, the focus is on different reference object 
classes while discussing these decision points. Figure 12 shows the main 
relations between the discussed reference object classes and the decision 
points of the TORE framework. 
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Figure 12.  Relations between the Decision Points of TORE and the Reference Object Classes 

During the discussion of the decision points on the project level, infor-
mation and requirements concerning the project topic (reference object 
class: Project) are elaborated. Furthermore, requirements concerning the 
business processes (reference object class: Business Process) that are af-
fected, respectively that shall be supported by the new information sys-
tem, are identified.  

However, the details of the business processes are elaborated on the busi-
ness level of TORE, during the discussion of the decision points “As-is and 
To-be (Process) Situation”. Furthermore, information and requirements 
concerning roles in the business processes are elaborated (reference object 
class: Role) and requirements concerning business objects (reference ob-
ject class: Business Object) that are handled in the business processes are 
identified. During the discussion of the decision point “Business Data & 
Rules”, information and requirements concerning the details of the busi-
ness objects and business rules (reference object class: Business Rule) are 
elaborated. Information and requirements concerning user roles (refer-
ence object class: User Role) are elaborated during the discussion of the 
“System’s Responsibilities”, where the identification of requirements con-
cerning human-system activities, system activities, and system-system ac-
tivities also takes place (reference object classes: Human-System Activity, 
System Activity, System-System Activity).  

The details of the human-system, system, and system-system activities, 
however, are elaborated on the interaction level of TORE during the dis-
cussion of the decision points “Interactions” and “System Functions”. 
Based on that, requirements concerning detailed system functions (refer-
ence object class: System Function) are identified and elaborated. 
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In order to process these reference object classes during requirements elic-
itation, TORE does not prescribe a concrete RE process but rather guides 
and supports requirements engineers logically [ARD14]. However, differ-
ent elicitation processes can be performed based on the TORE approach. 
In the next section, different elicitation process types will be introduced 
and compared. Besides traditional process types, special attention will be 
given to the so-called adaptive incremental requirements elicitation pro-
cess, which is the underlying elicitation approach of this thesis. 

2.5 Requirements Elicitation Process Types in BPRE 

Even though TORE does not prescribe a particular RE process and can be 
used in traditional waterfall-like projects as well as in agile projects, there 
are dependencies among the decision points that define a logical elicita-
tion sequence. For example, a clear understanding of the project topic is 
needed before relevant stakeholders can be identified systematically. 
Without having identified the relevant stakeholders, it is not possible to 
elicit the project goals in a reliable manner and so on [ARD14]. Thus, the 
performance of a requirements engineering process is influenced by a cer-
tain elicitation order in which the requirements are elicited. When design-
ing such a process according to TORE, different possibilities exist: The pro-
cess can be performed in a sequential, parallel, or incremental manner, 
for example.  

In the following, these process types briefly mentioned in [ARD14] will be 
elaborated. Furthermore, adaptive incremental elicitation as a variation of 
the incremental process will be described in detail. More than the other 
process types, adaptive incremental elicitation is dependent on effective 
prioritization in order to focus the elicitation process on the most valuable 
requirements. 

2.5.1 Sequential Elicitation 

The first option is a sequential, waterfall-like elicitation process. In this var-
iant, the discussion of a certain decision point does not start until the elab-
oration of the previous decision point(s) is complete. For instance, the def-
inition of the system functions5 is not started if the elaboration of all sys-
tem responsibilities (i.e., human-system activities (HSAs), system activities 
(SAs), system-system activities (SSAs) of all business processes) has not 
been finished before [ARD14] (see process in Figure 13 in the Business 
Process Model and Notation (BPMN) [FR10] notation). 

                                                      
5For the sake of brevity, in the following the term “business process / business activity (human-system activity, 
system activity, ..) / system function” will be used to express “a requirement concerning a reference object from 
the class business process / business activity (human-system activity, system activity, ..) / system function”. 
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For example, assume three business processes from the scenario in section 
1.3 within the scope of the project context, e.g., the “Invoicing Process”, 
the “Travel Application Process”, and the “Purchasing Process”. Using se-
quential elicitation would mean analyzing all three business processes in 
an arbitrary order (“Elaboration of Business Processes”) by elaborating the 
process flows and creating workflow diagrams, for example in BPMN no-
tation. No details of the contained business activities would be elaborated 
before this step was finished. After this step, the business activities of 
these processes would be identified that would be supported by the sys-
tem to be developed (“Identification of Derived HSAs / SAs / SSAs”). In 
the “Travel Application Process”, an activity that would be supported by 
the system is “Create Travel Application”, for example. Thus, it would be 
identified as an HSA. Again, this would be done for all three processes 
and no details of these business activities would have been elicited until 
that time. In the next step, all identified HSAs / SAs / SSAs of the processes 
would be elaborated in detail (“Elaboration of HSAs / SAs / SSAs”). A typ-
ical result would be the description of the HSAs as textual use cases [PR11] 
describing the intended interaction between user and system. Then, the 
description of the activities would be analyzed to identify concrete system 
functions (“Identification of Derived System Functions”). A system func-
tion to support the HSA “Create Travel Application” is “Show Travel Re-
quest Form”, a function of the system that shows the user an input form 
on the screen for entering the travel data. Having identified all system 
functions in the business activities, the system functions would be elabo-
rated in detail (“Elaboration of System Functions”). Concerning the 
“Show Travel Request Form” function, this means that concrete details of 
this function would be elaborated (e.g., relation to input and output data, 
calculations, conditions, etc.), which would then be specified as a system 
function description, for example. 

 

Figure 13.  Excerpt of a Sequential BPRE Elicitation Process in BPMN Notation 

The outcome would be a complete and self-contained requirements spec-
ification for the entire system to be built. In cases such as this, require-
ments engineering is typically a phase of its own in the software develop-
ment process [Poh07]. This elicitation process is applicable for smaller sys-
tems for which a complete requirements specification is required before 
the start of development / procurement (e.g., due to contractual issues) 
or if the development approach is less flexible and cannot adapt dynami-
cally to the existing requirements base. The system scope must be clear, 
as otherwise too much rework will be needed.  

The advantage of this approach is that it is possible to have a complete 
requirements document at the end of the process. Furthermore, this ap-
proach is easy to perform and can, in theory, be done by one requirements 
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engineer. However, the disadvantage is that the larger the project, the 
later implementation can start. Because of that and because the scope is 
already fixed at the beginning, it is not dependent on or suitable for value-
oriented elicitation, as the benefits of an optimized elicitation order can-
not be exploited. In addition, requirements are typically not updated if 
there are changes during development.  

2.5.2 Parallel Elicitation 

The second option is a parallel, waterfall-like elicitation process. In this 
case, increments are defined on the “Project Level” of TORE, typically 
based on the addressed business processes and tasks that are processed 
independent of each other in parallel [ARD14] (see Figure 14). Here, a 
distinction can be made between real parallelism, e.g., the “Travel Appli-
cation Process” is analyzed at the same time as the “Purchasing Process” 
by different requirements engineers, and quasi parallelism, e.g., the 
“Travel Application Process” is analyzed on one day, while the “Purchas-
ing Process” is analyzed on another day. Due to this parallelism, the results 
need to be consolidated at the end to elaborate the system functions.  

 

Figure 14.  Excerpt of a Parallel BPRE Elicitation Process in BPMN Notation 

The outcome is a complete and self-contained requirements specification 
for the entire system to be built. As in the sequential process, requirements 
engineering in this case is typically a phase of its own in the software de-
velopment process [Poh07]. It is applicable for large systems for which a 
complete requirements specification is required prior to development / 
procurement or if the development approach is less flexible and cannot 
adapt dynamically to the existing requirements base. The system scope 
must be clear, as otherwise the parallelized increments cannot be defined. 

Similar to the sequential waterfall-like process, the advantage of this pro-
cess is that it is possible to have a complete requirements document at the 
end of the process. It is also easy to perform and, due to its parallelism, it 
is faster than the pure sequential process. However, disadvantages may 
include complicated consolidation at the end (for instance, system respon-
sibilities from one business process may be in conflict with system respon-
sibilities from another business process) as well as the fact that finalization 
depends on the slowest branch. As in the case of the sequential process, 
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another disadvantage is that the larger the project, the later implementa-
tion can start. Thus, it is also not dependent on or suitable for value-ori-
ented elicitation, as the benefits of an optimized elicitation order cannot 
be exploited. Furthermore, the approach is dependent on the availability 
of multiple requirements engineers in order to exploit its advantages. Re-
quirements are also typically not updated during development. 

2.5.3 Incremental Elicitation 

The third option is an incremental elicitation process. Similar to the parallel 
process, increments are defined on the “Project Level” of TORE, e.g., via 
the addressed business process and tasks. However, in contrast to the par-
allel process, these increments are processed in isolation [ARD14] (see Fig-
ure 15). This means, for instance, that the stepwise refinement of the 
“Travel Application Process” down to its detailed system functions is done 
independent of any other process. Consolidation between the require-
ments resulting from the different increments does not take place, leading 
to the situation that each increment produces its own requirements spec-
ification. In the incremental process, two variants can be distinguished. In 
the first case, one increment is processed chronologically after the other. 
In the second case, different increments are processed in parallel (or time-
shifted).  

 

Figure 15.  Excerpt of an Incremental BPRE Elicitation Process in BPMN Notation 

This approach is applicable for systems whose development start cannot 
wait until a complete system specification is available. It is typically applied 
during continuous requirements engineering accompanying a develop-
ment process in a phase- or project-encompassing way [Poh07]. The sys-
tem scope must be at least partially understood as otherwise an initial set 
of increments cannot be defined. 

The advantages of the incremental process include that development can 
already start before all requirements are complete. Furthermore, stake-
holders’ feedback about early implementations can be considered in sub-
sequent increments and it is possible to address unforeseen scope exten-
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sions via later increments [Poh07]. Its applicability for respectively depend-
ency on value-oriented elicitation is limited as the scope of the increments 
is predefined, which reduces the possibilities for optimizing the elicitation 
order. The disadvantages include that only partial requirements docu-
ments exist and that dependencies between increments must be analyzed 
continuously. Crucial requirements must be addressed in the first incre-
ments, as otherwise late changes might occur to the architecture. 

2.5.4 Adaptive Incremental Elicitation 

The last option to be presented is an adaptive incremental elicitation pro-
cess, which is a variant of the incremental process. Here, the increments 
are not predefined at the beginning of the process but are dynamically 
defined during RE based on the importance of the corresponding require-
ments. In contrast to the incremental process, the refinement of the re-
quirements (e.g., from business processes down to system functions) is 
only done for the most promising requirements (i.e., branches) and will 
backtrack to higher abstraction levels based on complex decisions, if nec-
essary (see Figure 16).  

 

Figure 16.  Excerpt of an Adaptive Incremental BPRE Elicitation Process in BPMN Notation 

This means that for each elicitation step, a decision is made as to which 
requirement will be elaborated next. Requirements that have not yet been 
refined can be regarded as being stored in a requirements backlog (i.e., 
similar to agile approaches such as Scrum [Sch97] [SB01], where require-
ments are stored in a product backlog for further refinement). Each re-
quirement in the backlog is a candidate for refinement in the next elicita-
tion step. The requirements backlog therefore consists of requirements on 
different levels of abstraction, with the requirements on the lowest ab-
straction level (i.e., requirements concerning system functions) serving as 
input for the realization phase, i.e., development. This process type is 
heavily dependent on effective decision-making in order to determine the 
most valuable elicitation order. 

A typical scenario is described in the following (see Figure 17): At the be-
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ness processes in scope is defined (1). “Black box” means that these pro-
cesses have been identified but have not been elaborated yet, i.e., the 
workflow and the included business activities are unknown. These busi-
ness processes form the initial requirements backlog (2). Then, the first 
decision to be made is which business process should be elaborated first. 
After the decision has been made, the chosen business process is elabo-
rated (e.g., in an elicitation workshop), becomes a “white box” (3), and 
the contained business activities (i.e., (human-) system activities, system-
system activities) are identified, again as black boxes (4). At this point in 
time, the requirements backlog consists of the remaining identified black-
box business processes as well as the newly identified black-box business 
activities (5). Again, a second decision is needed as to which of these re-
quirements in the backlog shall be elaborated further. Depending on the 
decision, one of the business activities or one of the business processes 
will be elaborated next, revealing newly identified black-box business ac-
tivities or low-level black-box system functions (6). This alternating proce-
dure between selection decision and resulting elicitation is repeated until 
the project ends, i.e., until the requirements tree is complete or until the 
resources for elicitation are exhausted. 

 

Figure 17.  Scenario for Adaptive Incremental Elicitation in BPRE 

The outcome is a requirements specification that is not complete for the 
whole system but for the most promising branches of the requirements 
hierarchy. During a project, these partial specifications can be extended 
towards a complete system specification in a step-wise manner. Until 
then, the requirements on the lowest level of the branches are continu-
ously handed over to realization. 

Just like the incremental process, this approach is applicable for systems 
whose development start cannot wait until a complete system specifica-
tion is available. The core system scope must be understood in order to 
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make initial elaboration decisions. A flexible development approach as 
well as effective prioritization and decision-making are needed to exploit 
the full advantages of this process. 

Similar to the incremental process, the advantage of the adaptive incre-
mental process is that development can already start before all require-
ments are complete. Furthermore, feedback about early implementations 
can be considered when refining requirements, and it is possible to ad-
dress unforeseen scope extensions dynamically. An advantage over the 
incremental process is that only the most promising requirements are re-
fined and the increments are not dependent on a single decision made at 
the beginning of the project. Thus, this is the process type where the ben-
efits of value-oriented elicitation can be exploited to the greatest extent. 
The disadvantages include that only partial requirements documents exist 
and that dependencies between increments must be analyzed continu-
ously. Furthermore, prioritizing the different requirements effectively is a 
difficult task. Crucial requirements must be addressed in the first incre-
ments, as otherwise late changes might occur to the architecture.  

2.5.5 Comparison of the Approaches 

Table 2 shows the applicability of the different elicitation process types 
with regard to the different project characteristics already discussed in the 
previous section. This assessment was validated with experts from the re-
quirements engineering team at Fraunhofer IESE, who have a long-term 
practical experience with TORE and the different process types. 

For large systems, all approaches are generally applicable, with some lim-
itations for the sequential process, as for large projects development can 
only start rather late compared to the other process types. For an unclear 
scope, no process type is ideal; however, as the sequential and parallel 
process types are dependent on a clear upfront scope specification, they 
are not applicable in this case. Concerning the fast delivery of detailed 
requirements, the incremental process types are preferable as they focus 
early on detailed requirements (e.g., system functions) before all abstract 
requirements (e.g., business processes) have been addressed. With regard 
to development feedback, the sequential and parallel processes are not 
applicable, as development does not start until these processes are already 
finished. Here, the incremental approaches are preferred. However, if a 
rather inflexible development approach is at hand, the incremental pro-
cess types are only applicable to a limited extent, respectively are not ap-
plicable at all. This is because development has to adapt dynamically to 
newly delivered requirements and scope extensions, especially if the adap-
tive incremental process is used. For small RE teams, all approaches are 
generally applicable. However, the time savings of the parallel process 
type can, of course, only be realized if enough personnel resources are 
available. If an upfront specification is needed, only the sequential and 
parallel process types are applicable, as the other process types do not 
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produce an upfront specification. Finally, the adaptive incremental process 
is suited best for value-oriented elicitation. In contrast to the incremental 
process, the adaptive incremental process is able to exploit the full ad-
vantages of value orientation as it is not restricted to predefined incre-
ments (the larger the predefined increments, the less it is possible to 
quickly deliver detailed requirements based on their value). This, in turn, 
makes it dependent on effective prioritization and decision-making in or-
der to determine the most valuable requirements and elicitation order. 

 Elicitation Process Type 
Applicability of the elicitation process 

type for... 
Sequential Parallel Incremental Adaptive  

Incremental 
Large systems o + + + 
Unclear scope - - o o 
Fast delivery of detailed requirements - o + + 
Development feedback - - o o 
Inflexible development approach + + o - 
Small RE teams + o + + 
Upfront specification + + - - 
Value-oriented elicitation - - o + 

+: applicable, o: limited applicability, -: not applicable 

Table 2.  Applicability of the BPRE Elicitation Process Types concerning Different Project Characteris-
tics 

The prioritization approach proposed in this thesis is based on the adaptive 
incremental elicitation process in order to support the required prioritiza-
tion and decision-making. It will provide a solution for exploiting the po-
tential benefits of value orientation of this elicitation process type. In the 
next section, the integration of prioritization into such an adaptive incre-
mental process will be described. 

2.6 Prioritization in Adaptive Incremental Elicitation 

This section presents how prioritization can be conceptually integrated 
with an adaptive incremental elicitation process by describing the interplay 
between prioritization and elicitation, the relevant reference object classes 
for prioritization, as well as the integration of prioritization into the re-
quirements engineering meta-model from section 2.2. Based on the de-
scription and the thesis’ goals, requirements for a concrete prioritization 
approach are elaborated. 

2.6.1 Conceptual Integration of Prioritization and Elicitation 

In an adaptive incremental BPRE elicitation process, prioritization of re-
quirements is needed in order to determine which requirements should 
be elaborated (i.e., refined) next. Thus, elicitation and prioritization activi-
ties are strongly intertwined; in other words, identification, prioritization, 
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and elaboration of requirements are done iteratively during the require-
ments elicitation process. Figure 18 shows the relationships between these 
concepts. 

 

Figure 18.  Interplay between Elaboration and Prioritization during an Adaptive Incremental BPRE Elici-
tation Process 

Adaptive incremental requirements engineering consists of several re-
quirements engineering activities performed by the responsible role (in the 
following denoted as the requirements engineer) involving different stake-
holders to produce the requirements that are relevant for development.  

Definition – Requirements Engineering Activity 

A requirements engineering activity is a procedure that creates a set of require-
ments concerning a certain reference object class that is relevant for develop-
ment [Ada12]. 

During adaptive incremental requirements engineering, an adaptive incre-
mental requirements elicitation process is applied. Besides other activities 
from which this model abstracts, an essential activity is the elicitation ac-
tivity. The performance of an elicitation activity consumes elicitation effort. 
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Definition – Elicitation Activity 

An elicitation activity is a procedure that discovers new requirements and en-
riches already identified requirements with more details. 
 
Definition – Elicitation Effort 

Elicitation effort is the time and resources needed to perform an elicitation ac-
tivity. 

One type of elicitation activity is the identification activity, during which 
previously unknown requirements are identified. The requirements that 
are identified are in a “black-box” view because their details have not 
been analyzed yet and are still unknown at this point in time. Among the 
identified requirements, there are some requirements that are prioritiza-
ble. 

Definition – Identification Activity 

An identification activity is an elicitation activity that discovers a set of previously 
unknown requirements concerning a certain reference object. 
 
Definition – Identified Requirement 

An identified requirement is a requirement concerning a certain reference ob-
ject that has been discovered during an identification activity and whose details 
are still unknown. An identified requirement is still a “black box”. 

Another type of elicitation activity is the prioritization activity, during 
which requirements are prioritized that have not been elaborated yet (i.e., 
the details of the requirements have not been defined yet). Here, different 
prioritization criteria are utilized that are relevant for the current project 
context, respectively the goals of the project or the stakeholders. During 
the requirements engineering activities, several decisions concerning the 
requirements are made by the requirements engineer together with the 
stakeholders. A particular decision made during a prioritization activity is 
a refinement decision. A refinement decision utilizes a decision heuristic 
based on the already prioritized requirements, especially their priority and 
the reference objects to which they are related. 

Definition – Prioritization Activity 

A prioritization activity is an elicitation activity that prioritizes a set of prioritiza-
ble requirements by utilizing a set of prioritization criteria. During a prioritiza-
tion activity, a refinement decision is made as to which requirement of the pri-
oritized requirements should be elaborated next. 
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Definition – Prioritizable Requirement 

A prioritizable requirement is an identified requirement that concerns a certain 
prioritizable reference object. 
 
Definition – Prioritizable Reference Object 

A prioritizable reference object is a reference object that is considered as rele-
vant for requirements prioritization. 
 
Definition – Prioritization Criterion 

A prioritization criterion is a characteristic mark relevant for a prioritizable ref-
erence object that is used to make a judgment about a requirement concerning 
its priority. 
 
Definition – Prioritized Requirement 

A prioritized requirement is a prioritizable requirement that has been prioritized 
during a prioritization activity. 
 
Definition – Refinement Decision 

A refinement decision is a requirements decision based on a decision heuristic 
aimed at determining a requirement that should be elaborated next. 
 
Definition – Decision Heuristic 

A decision heuristic is an algorithmic technique that utilizes information about 
prioritized requirements (e.g., priorities, elicitation status, concerned reference 
objects) in order to make a refinement decision. A decision heuristic is not guar-
anteed to be optimal but attempts to arrive at a good solution with limited 
knowledge and within a short period. 

A third type of elicitation activity is the elaboration activity during which 
the details of a requirement are elaborated. This activity transforms the 
requirement from a “black-box” into a “white-box” view. A black-box 
view on a human-system activity could be a one-line requirement, e.g., 
“The system shall support the activity Create Travel Application.” (which 
was identified from the white-box “Travel Application Process”). After 
elaboration, the white-box view on the same activity could be a textual 
use case description [PR11] describing the flow of this activity with inputs, 
outputs, exceptions, etc. From the use case, further low-level require-
ments (e.g., system functions) can be identified, which are again black 
boxes before they are elaborated in detail. 

Definition – Elaboration Activity 

An elaboration activity is an elicitation activity that enriches a particular require-
ment concerning a certain reference object by elaborating the details of the 
requirement. 



 Foundations 

  43 

Definition – Elaborated Prioritized Requirement 

An elaborated prioritized requirement is a prioritized requirement that has been 
elaborated during an elaboration activity. The requirement is a “white box”. 
 
Definition – Elaborated Requirement 

An elaborated requirement is an identified requirement that has been elabo-
rated during an elaboration activity but which is not prioritizable and has not 
been prioritized. The requirement is a “white box”. 

Requirements prioritization typically focuses on the requirements that de-
scribe the functionality of a system (and in rare cases, quality requirements 
[SGR+11] [Tha13]). In terms of the reference object classes presented 
above, these are mainly the requirements that concern the reference ob-
ject class “system function”.  

According to the reference object model in Figure 10 from section 2.3, 
requirements concerning system functions are derived from business ac-
tivities (human-system activities, system-system activities, and system ac-
tivities), which in turn are derived from business processes. Thus, the re-
quirements form a hierarchy consisting of three levels, with (1) a business 
process on the most abstract level, (2) its different business activities on 
the second level, and (3) the derived system functions on the lowest level. 
Business processes and business activities describe the context of the sys-
tem’s functionality in terms of workflows, procedures, and interactions, 
whereas the concrete details of the functionality are described in the sys-
tem functions. Example requirements of such a hierarchy can be found in 
Appendix J. Thus, in order to perform appropriate prioritization of the sys-
tem functions, the priority of the business processes and business activities 
has to be considered, too (i.e., by performing hierarchical prioritization 
[BA05] [Ber07]).  

Requirements  concerning other reference object classes, such as business 
objects or user roles, for example, complement these functional require-
ments but are typically out of scope for the prioritization of the function-
ality of a system. However, some prioritization approaches utilize these 
complementary requirements as an influencing factor for determining the 
priority of the functional requirements [Moi00a] [Moi00b] [Moi02]. Figure 
19 shows the prioritizable reference object classes in the hierarchy, which 
are in the focus of this thesis. 
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Figure 19.  Reference Object Classes considered for Prioritization 

Figure 20 shows how these prioritizable reference objects as well as fur-
ther prioritization concepts can be integrated into the requirements meta-
model presented in section 2.2 (for the sake of readability, the element 
“Artifact” was omitted here).  

 

Figure 20.  Integration of Prioritization into the Requirements Meta-Model 

In order to determine the priority of a requirement, one or more stake-
holders assess or measure subjective, respectively objective, goal-relevant 

«PrioritizableReferenceObjectClass»
Business Process

«PrioritizableReferenceObjectClass»
Elementary Business Activity

«PrioritizableReferenceObjectClass»
Business Activity

«PrioritizableReferenceObjectClass»
Human-System Activ ity

«PrioritizableReferenceObjectClass»
System Activ ity

«PrioritizableReferenceObjectClass»
System Function

«PrioritizableReferenceObjectClass»
Project

«PrioritizableReferenceObjectClass»
System-System Activ ity

1..*

realizing*

1..*
part of*

1..*considered in
*

1..*
invoked by

*

1..*

realizing *

Reference Object

Prioritzation 
Criterion

Stakeholder

Objectiv e Criterion

Subjectiv e Criterion

Prioritizable 
Requirement

Requirement

Formula

Prioritizable 
Reference Object

Priority

Identified 
Requirement

Prioritized 
Requirement

Elaborated 
Requirement

Elaborated 
Prioritized 

Requirement
Value

System Goal
* satisfies 1..*

*

related to

*

1

has

1
1anticipates

1

1

related to

0..*

*
measured by

1

1

generates

0..1

*

concerns

1

*

concerns

1

*
related to

*

1..*

needed to achieve 1..*

*

assessed by
1..*

*

relevant for

*

1..*

determines

1..*

1..*
uses

1..*

*

can inform about
*

1..*

specifies
1

*

has

1..*

1..*

has

1..*

1..*

relevant for

1..*



 Foundations 

  45 

prioritization criteria. The priority of a single requirement is determined by 
a set of formulas, which in turn use a set of prioritization criteria that are 
relevant for the concerned prioritizable reference object of the particular 
requirement. The priority itself anticipates the value that is generated (e.g., 
cost savings, improved stakeholder satisfaction) after its elicitation, respec-
tively realization. However, not all requirements will generate value, as 
they might never be realized or they might not be used (directly) in the 
realization phase. For example, this might be the case for requirements 
that are refined into more detailed requirements. Then, the abstract re-
quirement (e.g., a business activity description such as “Create Travel Ap-
plication”) might not be used as a basis for development, but rather the 
fine-grained system function descriptions that were derived from it (e.g., 
detailed system function descriptions such as a detailed description of 
“Show Travel Input Form” or “Prefill Form with Master Data”). The ab-
stract requirement is thus only an intermediate artifact and serves as a 
container describing the context for the more fine-grained requirements. 
Hence, the value of the abstract requirement is realized by the most de-
tailed requirements refined from it. 

Definition – Formula 

A formula is a mathematical rule, principle, or other logical relation that uses a 
set of prioritization criteria to determine the priority of a requirement. 
 
Definition – Subjective Criterion 

A subjective criterion is a prioritization criterion that is subjectively assessed by 
one stakeholder or by several stakeholders in consensus. 
 
Definition – Objective Criterion 

An objective criterion is a prioritization criterion that is objectively measured by 
a stakeholder.  

Definition – Value 

Value is generated by an elaborated prioritized requirement and represents its 
utility for, respectively after, realization. 

Objective prioritization criteria (e.g., cycle time, frequency) are often of 
particular interest [Wes07], as they are more likely to create confidence 
regarding decisions than mere subjective assessments. Different criteria 
can reflect different project or organizational goals as well as the interests 
of different stakeholders during prioritization. This does not only include 
the respective business process participants (i.e., potential users of the IS 
to be built) but also other process-specific roles, such as process manager 
and process owner (responsible for the process and its regulation) as well 
as process-spanning (cross-cutting) roles like process developer (responsi-
ble for implementation) and process controller (responsible for process 
measurement and assessment), or management [Wes07]. Clearly, these 
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roles may have contradictory objectives. For example, a process participant 
may prefer to have his or her tasks made easier, while a process owner 
may prefer to improve process cycle time. These interests can be reflected 
through different criteria, which have to be assessed by the stakeholders.  

2.6.2 Requirements for a Prioritization Approach 

With regard to the problem domain, the research goals, and the descrip-
tion in the previous sections, several essential requirements for a prioriti-
zation approach can be defined that must be fulfilled in order to be appli-
cable in an adaptive incremental BPRE elicitation process. These require-
ments are deemed to be most relevant to the research questions of this 
thesis. Figure 21 depicts these requirements and their relationships to the 
research questions from section 1.3.  

 

Figure 21.  Main Relationships between the Research Questions of this Thesis and the Requirements 
for a Prioritization Approach applicable in an Adaptive Incremental BPRE Elicitation Process 
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stakeholders may have different goals and preferences. If no consen-
sus can be achieved with respect to the priority of a requirement, a 
prioritization approach should be able to integrate the different rat-
ings of the stakeholders, e.g. by providing a calculation scheme for 
multiple stakeholders. In this way, a more objective prioritization re-
sult can be achieved. This requirement is mainly related to research 
question RQ1. 

Req. 3 – Dimensions: The prioritization approach shall support the as-
sessment of requirements in multiple dimensions and in a variable 
number of dimensions for flexible integration of prioritization criteria. 

Rationale: Depending on the project context and the goals of the 
stakeholders, different criteria may be of importance for effective pri-
oritization, which need to be considered during prioritization. This 
flexibility is needed in order to utilize different numbers of criteria dur-
ing prioritization and is related to research question RQ2. 

Req. 4 – Domain Criteria: The prioritization approach shall provide a 
collection of objective and subjective prioritization criteria relevant for 
the problem domain (business-process-driven development projects). 

Rationale: Effective prioritization can only be performed if suitable pri-
oritization criteria for the current project context are utilized. This re-
quirement is related to research question RQ2. 

Req. 5 – Decision Support for Refinement: The prioritization approach 
shall provide decision support for refining requirements in the hierar-
chy.  

Rationale: In order to guide the requirements elicitation in adaptive 
incremental elicitation, decision support is needed for a non-final set 
of requirements (considering requirements on different abstraction 
levels). This requirement is related to research question RQ3. 

2.7 Summary 

In order to provide an appropriate prioritization approach for an incre-
mental BPRE elicitation process, the underlying elicitation approach as well 
as different related artifacts have to be taken into account. 

In this chapter, the basic terms of BPRE, their relationships, and the most 
important reference objects that are considered when eliciting require-
ments in BPRE were presented.  
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TORE was introduced as a reference framework for BPRE. It describes im-
portant decision points that have to be considered during a requirements 
engineering process. However, as TORE does not prescribe a concrete elic-
itation process, four major types of elicitation approaches were elaborated 
and their applicability concerning different project characteristics was 
compared. Whereas sequential and parallel elicitation processes are 
mainly used if an upfront specification is needed before development can 
start, incremental approaches are applicable for fast delivery of detailed 
requirements or if development cannot wait until the requirements have 
been elaborated completely.  

However, incremental approaches are dependent on effective prioritiza-
tion in order to determine the most valuable increments, respectively elic-
itation orders. Especially in an adaptive incremental elicitation process, 
which gets its advantages from continuous decision-making during elici-
tation, appropriate prioritization is essential. As this thesis focuses on such 
an adaptive incremental process, the integration and alignment of priori-
tization with an adaptive incremental elicitation process was elaborated in 
detail. 

Finally, the requirements for a prioritization approach based on the re-
search goals of this thesis and the statements in this chapter were derived. 
In the next chapter, related work from the literature will be analyzed with 
regard to the degree to which it is able to fulfill these requirements. 
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3 Related Work 

“I know nothing except the fact of my ignorance.“   
Socrates 

This chapter provides an overview of related work in the area of require-
ments prioritization with regard to the research question and goals of this 
thesis. The purpose of this chapter is to show which approaches have al-
ready been described in the literature and to which degree they are appli-
cable to fulfill the goals of this thesis. As the goal of this thesis is not to 
create novel prioritization calculation instructions, another purpose of this 
chapter is the selection of the most suitable prioritization technique from 
the literature to serve as a basis for extension and integration in the prior-
itization approach presented in this thesis. This will be done by means of 
an assessment against the requirements for a prioritization approach de-
fined in the previous chapter. 

3.1 Research Approach 

In order to identify related work, a systematic literature review was con-
ducted according to the guidelines of Kitchenham [Kit04]. In following 
this procedure, the first step (1) was to define a review protocol (see Ap-
pendix A) including the rationale for the survey, the research question, the 
search strategy, and the selection and assessment criteria (see Figure 22). 

 

Figure 22.  Research Approach for Review of Related Work 

Review 
Planning

Review 
Protocol

Search & 
Filtering

Analysis & 
Assessment

Search for 
Secondary 
Resources

Candidate 
Publications

Publication 
Assessment

Legend:

Research 
Activity

Input / 
Output

1 2 3 4



Research Approach 

50 

The two research questions to be answered were: 

1) Which prioritization approaches exist in the area of BPRE (elicita-
tion) and in relation to requirements elicitation and refinement in 
general? 

2) Which generic prioritization approaches exist that aim at prioritiz-
ing requirements in hierarchies? 

Whereas the first research question aimed at investigating the literature 
with respect to already existing prioritization approaches in the problem 
domain, the second research question aimed at identifying more generic 
hierarchical prioritization approaches that might be used as a basis for 
integration into the approach developed during the course of this thesis.  

In the second step (2), the developed search strings were tested and ap-
plied to Scopus as well as to the ACM digital library in title, abstract, and 
keywords. These two libraries cover most of the content from relevant 
publishers or databases [Els15] (e.g., from IEEE Xplore [IEEE15], Springer, 
Elsevier) and thus include most of the relevant work in the area of require-
ments engineering and in related areas (e.g., proceedings of the Interna-
tional Requirements Engineering Conference, proceedings of the REFSQ 
conference, the Requirements Engineering Journal, ICSE conference pro-
ceedings, LNCS proceedings). Therefore, an additional direct search in IEEE 
Xplore, Springer Link, or other databases was not deemed necessary. The 
search was limited to computer science and related fields and included all 
available publication years, publication channels (e.g., conference and 
workshop proceedings, dissertations, journals, etc.), and publication types 
(e.g., method papers, experience reports, case studies, etc.). By checking 
the titles and abstracts of the papers against the defined exclusion criteria, 
non-fitting papers were dismissed. For example, publications that do not 
deal with software requirements prioritization (e.g., construction material 
selection, prioritization in networks, etc.) or that did not fit the search 
terms (i.e., listed in the search result, but does not include the search 
terms) were excluded.  

In the third step (3), the remaining publications were accessed and ana-
lyzed in detail according to defined quality criteria. As quality criteria, the 
requirements defined in section 2.6.2 were used6, complemented by the 
additional quality criterion “Validation”: 

Req. 1 – Hierarchies. Does the prioritization approach support contin-
uous / consistent prioritization across all levels of abstraction by sup-
porting hierarchies (i.e., supporting the structure of the requirements 
hierarchy given by the prioritizable reference object classes and by 
providing a hierarchical calculation scheme)? 

                                                      
6 For the sake of completeness, all requirements were used as quality criteria for both research questions. 
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Req. 2 –Stakeholders. Does the prioritization approach support the 
assessment of requirements by different stakeholders? 

Req. 3 – Dimensions. Does the prioritization approach support the 
assessment of requirements in multiple dimensions and in a variable 
number of dimensions for flexible integration of prioritization criteria? 

Req. 4 – Domain Criteria. Does the prioritization approach provide a 
collection of objective and subjective prioritization criteria relevant for 
the problem domain (business-process-driven development projects)? 

Req. 5 – Decision Support for Refinement. Does the prioritization ap-
proach provide decision support for refining requirements in the hier-
archy? 

Req. 6 – Validation. Has the prioritization approach been empirically 
validated? 

To assess support of the different requirements, the classification scheme 
shown in Table 3 was applied. 

Requirement Limited Support (o) Support (+) 
Req. 1: 
Hierarchies 

Limited hierarchy levels or nota-
tion-specific support of hierar-
chies or support of hierarchies 
without hierarchical calculation 

Notation-independent multi-
level support of hierarchies with 
hierarchical calculation 

Req. 2: 
Stakeholders 

Involvement of different stake-
holders is described, but re-
stricted or not reflected in cal-
culation scheme 

Involvement of different stake-
holders is not restricted and re-
flected in calculation scheme 

Req. 3: 
Dimensions 

Support of a multiple, but fixed 
number of dimensions 

Support of multiple dimensions 
and a variable number of di-
mensions for flexible integra-
tion of prioritization criteria 

Req. 4: Domain 
Criteria 

Provides only generic software 
development criteria 

Provides objective and subjec-
tive criteria for the BPRE do-
main 

Req. 5:  
Decision 
Support for 
Refinement 

Prioritization is used for refine-
ment, but clear guidelines are 
missing or the refinement rules 
are specific for a certain nota-
tion 

Decision support for refinement 
is provided with clear guidelines 

Req. 6: 
Validation 

Approach is demonstrated by 
an example or detailed evalua-
tion information is missing 

Approach has been validated in 
a survey, case study, or con-
trolled experiment 

Table 3.  Assessment Scheme for the Prioritization Approaches 

If necessary, secondary resources from the references were also accessed 
(4) and analyzed according to this procedure. 

Despite the rigorous search strategy, this review does not claim to be ex-
haustive. There exists the possibility that relevant publications might have 
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been missed. For example, publications might exist that are not indexed 
in the databases used. In order to mitigate this threat, step (4) was used 
as a countermeasure. Furthermore, not all relevant publications using the 
search terms in their titles, abstracts, or keywords might have been ex-
tracted. However, this threat was alleviated as ambiguous publications 
were only dismissed if they were considered as irrelevant after a more 
thorough analysis. 

In section 3.2, related work concerning the first research question of the 
systematic literature review is presented. Section 3.3 discusses related 
work concerning the second research question. 

3.2 Prioritization during Requirements Elicitation 

Many requirements prioritization approaches have been proposed in the 
literature (see e.g., [HD08] [ASI+14] [PMB14]). In this section, the focus is 
on existing work in the area of prioritization during BPRE and during re-
quirements elicitation and refinement, which is directly related to the 
problem area of this thesis. 

Even though a large number of prioritization approaches are proposed in 
the literature, the systematic literature review performed in the context of 
this thesis did not reveal any specific prioritization approaches in the area 
of BPRE. Even though prioritization is briefly addressed in one of the as-
sessed publications in the area of BPRE (see discussion of [Prz14] in section 
3.2.1), the focus of the publication is not on the actual prioritization and 
thus no concrete methods are presented. A common practice in BPRE ap-
proaches is the classification of business activities with regard to their au-
tomation extent (e.g., system-supported activities (human-system activi-
ties) and system-automated activities (system activities and system-system 
activities) [VD07] [CAG09] [ARD14] [Prz14]. However, this classification 
does not represent any prioritization in terms of a concrete ranking, e.g. 
for further elaboration. This section thus mainly presents prioritization ap-
proaches during (i.e., not after) requirements elicitation that are not spe-
cific for BPRE. In the following, a brief description of the approaches found 
during the review will be given.  

3.2.1 Przybyłek 

The business-oriented requirements elicitation approach proposed by 
Przybyłek [Prz14] integrates requirements engineering with business pro-
cess engineering and derives system requirements based on business pro-
cess models. For this purpose, as-is business processes are analyzed and 
to-be process models are derived, which serve as a basis for deriving func-
tional requirements. In principle, this represents the same procedure that 
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is performed when adhering to the TORE framework. Prioritization is ad-
dressed as follows: For each elementary business process (which basically 
relates to a business activity according to the terminology of this thesis), 
customer stakeholders consider how an information system may support 
a process participant and assess the potential benefit using a scale (low, 
moderate, high). Supplier stakeholders estimate the cost of computeriza-
tion. This information is used to decide what part of the business process 
is to be automated and to which extent (manually, supported by IS, or 
automated). Furthermore, dependencies for automation are identified. 
Based on these decisions, use cases from a to-be business process model 
are derived. 

The prioritization method as part of the elicitation approach is only per-
formed on the level of elementary business processes (i.e., business activ-
ities). Thus, prioritization is not hierarchical and only incorporates two pri-
oritization criteria (benefits for computerization and implementation 
costs). Other types of criteria are not proposed or intended. The prioriti-
zation values are determined through agreement among several stake-
holders. However, no details are provided on how to determine the result 
of the prioritization and how to interpret the stakeholder assessments (i.e., 
it is unclear how the automation decision and the priority assessments are 
related). Furthermore, no decision support on requirements refinement is 
given except for the general advice that system-supported parts should be 
processed before system-automated parts. The complete elicitation ap-
proach is illustrated by a real-world example conducted at a private uni-
versity. 

3.2.2 Moisiadis 

The prioritization for scenario evolution proposed by Moisiadis [Moi00b] 
provides an approach for expanding the scenarios of use cases. For this 
purpose, the approach applies various measures from a use case model, 
from stakeholder’s goals, and from concepts and formulas from social 
network analysis. In this way, the most important scenarios can be identi-
fied and described in detail. The approach consists of the following steps: 
First of all, a brief description of a use case is taken and separated into a 
sequence of scenarios. Then, stakeholders’ goals are elicited, ranked using 
the Analytic Hierarchy Process (AHP) [Saa80] (see also section 3.3.1), and 
mapped to the scenarios to produce a ranking of importance for each 
scenario. After that, usage formulas are applied to each scenario in order 
to rank the scenarios according to the values for usage. Then, an overall 
ranking is produced by considering the usage and the stakeholders’ goals. 
The resulting highest-ranked scenario is expanded with all its alternatives 
and extensions. Finally, local and global centralities are determined. Ex-
pansion continues until an adequate number of scenarios have been pro-
cessed. 
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The approach is hierarchical in the sense that different depths of a use 
case are regarded. Thus, it is not appropriate for the BPRE requirements 
hierarchy as it focuses solely on the use case notation. Different stakehold-
ers are incorporated by regarding their goals. The approach supports de-
cision-making for the refinement of use cases in order to elaborate their 
details. It also provides different prioritization criteria. However, these are 
very specific as they focus on the use case notation. Thus, domain-specific 
criteria for the BPRE domain are not provided. The approach is open for 
the integration of different stakeholder goals into the prioritization pro-
cess, but not for the incorporation of other attributes and criteria. Valida-
tion performed in a case study is described. 

3.2.3 Liu et al. 

The prioritization approach proposed by Liu et al. [LVS+04] provides a 
framework for prioritizing requirements gathered from multiple stake-
holders by incorporating inter-perspective relationships. It utilizes a rela-
tionship matrix to integrate and prioritize requirements from different per-
spectives and aims at resolving conflicts and focusing time and resources 
on a few critical requirements. The approach works as follows: A set of 
low-level requirements is grouped into some high-level requirements 
forming a hierarchy. By applying different mathematical formulas, so-
called global priorities for the low-level requirements are determined. Af-
ter that, requirements from two different perspectives (e.g., customer, de-
veloper) together with their priorities are entered into the relationship ma-
trix. Impact relationships (strong, medium, weak) between the require-
ments of the two perspectives are determined, and priorities are calcu-
lated again using different formulas and considering the initial priorities, 
the cross-impacts, and some adjustment factors. These priorities are used 
to integrate the two sets of requirements into one, forming a new per-
spective to be integrated with another perspective. This procedure is re-
peated until all perspectives have been integrated. 

The approach considers a hierarchical structure of requirements from dif-
ferent stakeholders. It does not provide or utilize different prioritization 
criteria and thus is not intended for the integration of other criteria. It also 
does not provide decision support for the refinement of requirements. It 
is mentioned that the approach was validated in two case studies; how-
ever, the details of these studies are not described. 

3.2.4 Vanhanen et al. 

The elicitation approach for quality goals proposed by Vanhanen et al. 
[VMI09] provides a method that brings together stakeholders to elicit, pri-
oritize, and elaborate the quality goals of a software product. It utilizes 
prioritization to determine the most important quality goals to be elabo-
rated. The quality goals are prioritized according to their importance for 
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the product through voting done during a workshop held with stakehold-
ers. All participants have the same number of votes and can cast zero or 
more votes for each quality goal by drawing lines on a wall next to a qual-
ity goal. The total number of votes for a quality goal defines its priority. 
The most important goals are then elaborated during the further course 
of the workshop.  

The prioritization method applied in the approach is rather informal and 
open issues for prioritization are already identified by the authors. The 
prioritization method does not consider hierarchies, different dimensions, 
or criteria. It remains open how the quality goals are actually selected for 
refinement. However, different stakeholder viewpoints are regarded. An 
evaluation of the overall approach is provided in four case studies. 

3.2.5 Smiley et al. 

The Attribute Hierarchy-based Evaluation of Architectural Designs 
(AHEAD) method proposed by Smiley et al. [SHK+09], which is based on 
the Attribute-Driven Design (ADD) method [WBB+06], is an approach for 
evaluating software technologies that have important architectural im-
pact. The core activities of AHEAD include elicitation, prioritization, and 
analysis of architectural requirements in a recursive process. Like ADD, 
AHEAD utilizes prioritization for determining the architectural impact of 
requirements. For this, the requirements, which are initially prioritized by 
the stakeholders according to business and mission goals (which is de-
scribed to not be in the scope of the method), are prioritized a second 
time according to the architectural impact. The requirements are grouped 
into priority groups using simple scales (e.g., (H,H) for high stakeholder 
importance and high architectural impact) and the most important ones 
are selected as candidate architectural drivers. 

As the publication is very brief, the descriptions are not very detailed. The 
prioritization method applied is rather simple. Hierarchies are nor regarded 
and the prioritization by (business) stakeholders is beyond the scope of 
the method. Only two prioritization criteria are regarded and openness for 
other criteria as well as BPRE-relevant criteria are not provided. The refine-
ment decision for the requirements is described in a very abstract manner. 
The application of the overall method in an industry project is described. 

3.2.6 Liaskos et al. 

The approach for integrating preferences into goal models for require-
ments engineering proposed by Liaskos et al. [LMS+11] provides a concept 
for representing and reasoning about preference (“nice-to-have”) goals, 
i.e., goals whose fulfillment is desired but whose non-fulfillment does not 
make the plan (for satisfying the requirements) totally unacceptable. Pri-
oritization is utilized in the approach in order to represent the importance 
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of preference goals. This is done by assigning priority values (simple nu-
merical values) to preference goals in a goal model. The search for alter-
natives that best satisfy a given set of mandatory and preferred require-
ments can be performed with the help of a preference-based planning 
tool. This can be used for iterative refinement and validation of both the 
preferences and the goal model. 

The approach supports hierarchies in the sense that it supports require-
ments represented in a goal model. A mapping to the BPRE requirements 
hierarchy seems possible, but the goal notation has to be used. Prioritiza-
tion by different stakeholders can be done by reasoning about the prefer-
ences and priorities (i.e., adapting them), but the involvement of different 
stakeholders is not a concrete part in the method. Also, it does not utilize 
or describe any specific prioritization criteria. Decision support for the re-
finement of requirements is provided in such a way that the creation of 
plans can be used to iteratively refine and validate the goal model. The 
approach was validated by applying it to several examples using real-world 
data. 

3.2.7 Carod and Cechich 

The work for balancing elicitation goals presented by Carod and Cechich 
[CC07] provides a cognitive approach for helping to resolve discordances 
among stakeholders when applying goal-oriented methods. For this pur-
pose, cognitive science is used to improve negotiation among the stake-
holders. The first part of the approach deals with preference management 
(gathering of requirements elicitation preferences and cognitive profiles 
of the stakeholders using questionnaires), whereas the second part in-
cludes phases for requirements prioritization. During prioritization, the 
stakeholders assign an importance value to each goal of the goal graph. 
Furthermore, a cognitive weight is attached to each goal. The cognitive 
weight is calculated by comparing cognitive features of the stakeholders 
according to their preferences for elicitation techniques. By utilizing dif-
ferent formulas and considering all contributing stakeholders, the final 
value of a goal is calculated. The results are analyzed, leading to changes 
in the elicitation.  

The approach supports hierarchies in the sense that it attaches priority 
values to a hierarchical goal tree. Thus, using the goal notation seems to 
be a prerequisite; however, the authors claim that other notations may be 
used [CC10]. The viewpoints of different stakeholders are integrated dur-
ing prioritization. However, the approach uses very specific prioritization 
criteria and is not flexible regarding the integration of other or changing 
criteria. It also has a very specific focus on preferences for certain elicita-
tion techniques and cognitive science. Decision support for refinement 
seems to be provided; however, it remains unclear how this is actually 
performed. The approach was validated with a case study in a tax depart-
ment. 
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3.2.8 Lim and Finkelstein 

The approach StakeRare for using social networks and collaborative filter-
ing for large-scale requirements elicitation proposed by Lim and Finkel-
stein [LF12] provides a method for identifying and prioritizing require-
ments in large software projects. For this purpose, it identifies and builds 
a social network and prioritizes stakeholders using a variety of social net-
work measures. These stakeholders are then asked to provide their pref-
erences regarding an initial set of requirements on an ordinal scale, re-
flecting the importance of the requirement to the stakeholder. Further re-
quirements can be added by the stakeholders, which are then available 
for rating by other stakeholders. Based on the stakeholders’ profiles, other 
relevant (not yet rated) requirements are recommended to them by using 
collaborative filtering. The priority of the requirements is calculated by us-
ing the stakeholders’ ratings weighted by their project influence. 

The approach is applicable to different abstraction levels of requirements, 
which are not prescribed in advance. One of the core features is to inte-
grate a large set of stakeholders and their project influence in the prioriti-
zation process. A rather simple importance rating system is used for prior-
itization of the requirements, which is not intended for and does not pro-
vide any specific prioritization criteria. The requirements are only priori-
tized within their respective hierarchy level, i.e., no hierarchical calculation 
scheme is provided. Also, there is no concrete decision support for require-
ments refinement. Stakeholders are asked to add their own requirements, 
but there is no guidance on how to do it. The approach was comprehen-
sively evaluated in a real-world large-scale software project. 

3.2.9 Balushi et al. 

The ElicitO approach for eliciting and prioritizing requirements supported 
by ontologies proposed by Balushi et al. [BSL13] aims at effective integra-
tion of quality concerns in all RE activities. ElicitO is supported by a tool to 
guide the requirements analysts through requirements elicitation, prioriti-
zation, and negotiation, as well as specification. The tool guides the elici-
tation by providing heuristics regarding functional and quality require-
ments relevant to a domain and offering stakeholders choices for metrics 
for a given quality requirement. For this, it uses predefined quality and 
domain ontologies from a knowledge base. According to the authors, Elic-
itO offers different prioritization methods (e.g., nominal pairwise compar-
isons) for the discussion and prioritization activities. The nominal group 
voting technique is presented, where each stakeholder assesses the per-
ceived return on value of each quality requirement by using a Likert scale. 
After calculating a mean value for each requirement, the set of prioritized 
requirements is analyzed with respect to identifying and resolving poten-
tial conflicts. The identification of potential conflicts is also automated by 
the tool, which checks some rules.  
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The prioritization method applied in the approach does not consider hier-
archical requirements prioritization. However, it supports multiple stake-
holders during prioritization. Different prioritization criteria are not re-
garded, but the authors claim that the framework can also be used with 
other decision support approaches. Nevertheless, it remains unclear if and 
how further prioritization criteria could be integrated. ElicitO supports re-
quirements refinement with the help of the underlying ontologies. How-
ever, no concrete decision support for refinement is given during prioriti-
zation. ElicitO was validated in a case study of an intranet portal project 
at a university. 

3.2.10 Doerr 

The approach for eliciting and specifying non-functional requirements 
(NFR) proposed by Doerr [Doe10] provides a systematic approach for the 
elicitation, analysis, and specification of a complete set of NFRs. In the first 
step of the method, it utilizes prioritization to focus the effort spent on 
NFR elicitation on the most important elements of high-level quality at-
tributes. For this purpose, three possibilities for prioritizing the high-level 
quality attributes are proposed: using a prioritization questionnaire, which 
is described in [DKK+03], conducting a stakeholder workshop using com-
mon prioritization techniques, or deriving the priorities of the quality at-
tributes from business goals. The proposed prioritization questionnaire 
consists of several questions concerning the different high-level quality at-
tributes described in the ISO 9126 standard [ISO01], for example, which 
are to be answered on a Likert scale. For each of these quality attributes 
(and their sub-characteristics), the values from the Likert scales are used 
to calculate a priority score. Then, the highest-priority quality attributes 
are selected for the subsequent activities of the method (quality model 
tailoring, identification of conflicts, derivation of checklists and templates, 
elicitation and specification of NFRS, identification of NFR dependencies). 
How many quality attributes are selected depends on the effort and time 
available for NFR elicitation. 

The prioritization questionnaire incorporates the hierarchy of the different 
quality attributes on two levels. However, it is not described how to inte-
grate the responses of different stakeholders (e.g., no calculation scheme 
is provided). The questionnaire is customized to the specific set of quality 
attributes described in ISO 9126 and thus cannot be transferred to other 
requirements sets. Hence, the integration of other prioritization criteria is 
not intended. Furthermore, no concrete decision support is given for the 
refinement of requirements based on the calculated priorities (except for 
a general advice that the quality attributes should be selected based on 
the available time and effort). The complete approach including the prior-
itization was validated in eight different case studies. 
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3.2.11 Renzel et al. 

In the work of Renzel et al. [RBK+13], Requirements Bazaar, a browser-
based social software for social requirements engineering, is presented. 
Requirements Bazaar aims at bringing together communities with service 
providers into an open, traceable process of collaborative requirements 
elicitation, negotiation, prioritization, and realization. The work presented 
focuses on requirements specification, a workflow for co-creation, work-
space integration, and personalizable requirements prioritization. For pri-
oritizing requirements, Requirements Bazaar supports a modular extensi-
ble requirements ranking framework. The ratings of different stakeholders 
are incorporated and scoring factors are assigned to different categories 
(user rating, user behavior, community belonging), with weights being 
configurable with respect to personal preferences of scoring factor im-
portance. 

The prioritization approach provided by Requirements Bazaar does not 
consider hierarchical requirements structures or calculation. However, it 
incorporates multiple stakeholders and uses different (but fixed), commu-
nity-oriented prioritization criteria and weights in order to rank the re-
quirements. Still, there is no decision support for the refinement of the 
requirements. An evaluation of Requirements Bazaar is not presented, but 
mentioned as future work.  

3.2.12 Wautelet and Kolp 

The framework for goal-driven iterative software project management 
proposed by Wautelet and Kolp [WK11] defines a template for agent-ori-
ented iterative development as well as a software project management 
framework for planning project iterations. In the approach, goals are spec-
ified in a strategic dependency diagram. Prioritization is done as follows: 
For each goal, a risk exposure value is determined by assessing the impact 
of different threat categories on the goal. The same is done with regard 
to the influence of different quality factors on the goals. By integrating 
the goals’ risk exposures and their quality issues, the final priorities of the 
goals are calculated. Using these priority values, an assessment of the 
goals’ complexities, as well as precedence constraints, an iteration plan is 
created for the further elaboration of the goals. 

The prioritization approach presented in the framework does not consider 
a hierarchy of goals but is executed on a flat goal list. It does not take into 
account the integration of multiple stakeholders. Multiple criteria are used 
to calculate priority (e.g., risk, quality, complexity), but further criteria are 
not provided. The priorities are used to determine which goals to elabo-
rate in which iteration. However, due to the lack of an explanation, it re-
mains unclear how exactly the priorities are used to assign them to the 
iterations. The approach is illustrated on a running example, the develop-
ment of an enterprise information system in the steel industry. 
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3.2.13 Shao et al. 

The approach TruReq for trustworthy requirements elicitation proposed 
by Shao et al. [SPS+12] provides a method for heuristic requirements re-
finement, for finding implicitly trustworthy requirements, as well as for 
decision-making regarding conflicting requirements using priorities. For 
this purpose, it uses different (partly domain-specific) models, for example 
a trustworthy decomposition tree, which includes trustworthy quality at-
tributes (mainly based on the ISO 25010 standard [ISO11]). The applica-
tion of a domain-specific priority vector is proposed in order to resolve the 
requirements conflicts that may appear after the elicitation of the trust-
worthy requirements. In order to construct such a domain-specific priority 
vector, a team of professionals (e.g., domain experts, software engineers) 
are asked to rate the trustworthy quality attributes on a scale using fuzzy 
variables (e.g., “weak”, “fair”, “strong”). By utilizing trapezoidal fuzzy 
numbers, the linguistic values of importance assessments are transformed 
into quantitative values. Finally, the priority vector is calculated, which 
contains the priority of the trustworthy quality attributes and their sub-
attributes. These priorities are used for decision-making and for resolving 
conflicts. 

The prioritization method proposed takes into account the two-level hier-
archy of quality attributes as well as multiple stakeholders. However, no 
different prioritization criteria are utilized and the method is not intended 
to take into account further criteria. Also, no decision support for require-
ments refinement is provided. An example application of the complete 
TruReq approach is described in a small case study. 

3.2.14 Andreou et al. 

The approach for requirements elicitation and management decision-
making proposed by Andreou et al. [AZP+03] provides a methodology 
that aims at assisting the analysis phase and guiding the management 
tasks when developing a new software component. For this purpose, the 
method proposes three main dimensions, which are then decomposed 
into a number of critical factors with the help of a set of focus questions. 
After that, the factors’ priorities and interdependencies are analyzed from 
a management point of view (addressing potential implications during the 
development phase and the prospect of commercial success). Finally, 
based on the identified factors, required informational features (resulting 
in informational templates) for the new software component are elicited 
or it is decided to cancel the development attempt. 

The prioritization part described in the method is performed in the pre-
project phase of a software component to be developed. Thus, it does not 
take into account concrete requirements as such (i.e., no requirements 
hierarchies are regarded, for example) but rather places the focus on a 
subsequent requirements elicitation phase. Different stakeholders are not 
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regarded during prioritization. The critical success factors described can 
be seen as different prioritization criteria for the decision-making process. 
However, prioritization is described rather informally and details about the 
prioritization procedure are missing. The complete approach was applied 
and validated in the context of an EU-funded project for a telemedicine 
software application based on components. 

3.2.15 Ma et al. 

The hybrid method for prioritizing requirements in terms of use cases pro-
posed by Ma et al. [MLZ+12] aims at improving prioritization by taking 
into account requirements dependencies in a use case network. For this 
purpose, use cases, which are represented in a use case diagram, are an-
alyzed and visualized in a network model with the help of a software tool. 
By calculating the value of each node’s topological potential, a prioritized 
list of candidate use cases is created. Nodes with the same value of topo-
logical potential are further distinguished by applying traditional prioriti-
zation methods (primarily AHP is proposed). Based on the prioritization 
result, an elicitation and refinement schedule is created. 

The approach is hierarchical in the sense that a network of use cases and 
their relationships are taken in into account; however, a real hierarchy of 
requirements is not supported as it is restricted to the use case notation. 
Prioritization by different stakeholders is not supported directly; however, 
by using AHP, it is implicitly supported for the second part of the method. 
The same holds true for prioritization criteria, which are generally sup-
ported by AHP. Other criteria that are used for prioritization are specific 
for the use case notation, respectively for use case diagrams. Although 
the last step of the method is the creation of an elicitation and refinement 
schedule, this step is not discussed in the method description and it re-
mains unclear how exactly this is performed and how the priorities are 
aligned to that. The approach was validated using the requirements from 
a commercial software system. 

3.2.16 Ruhe et al. 

The method Quantitative WinWin for decision support in requirements 
negotiation proposed by Ruhe et al. [REP03] aims at selecting those re-
quirements that maximize the overall value of a system under given re-
source constraints (e.g., implementation effort). The method is processed 
iteratively in order to incorporate new requirements and knowledge about 
the requirements during each iteration. It is based on a set of requirements 
that are structured hierarchically into classes of requirements. During each 
iteration, a candidate subset of requirements is determined that contains 
those requirements of the original set of requirements that have an im-
portance level greater or equal to a certain threshold value (initially, only 
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mandatory requirements are regarded). AHP is applied to determine pref-
erences between involved stakeholders and the preferences between and 
within requirements classes. Then, the overall requirements preferences 
between and within requirements classes are computed. By reducing the 
threshold value in each iteration, more and more requirements are added 
to the final set of requirements until the resource constraints (e.g., effort) 
are violated. Then, heuristics are applied to optimize the final result. 

Quantitative WinWin supports a hierarchical requirements structure as 
well as multiple stakeholders, as it incorporates AHP for prioritization. The 
prioritization process uses only one prioritization criterion (importance); 
however, a fixed set of a few generic criteria is used as resource constraints 
(effort, quality, duration) and determined by a simulation model. Further-
more, the AHP makes the method flexible, allowing to integrate further 
criteria, even if this is not intended. The approach facilitates decision sup-
port for refining the requirements selection during the iterations; how-
ever, there is no guidance on how to determine particular requirements 
in order to derive more fine-grained requirements from them. The ap-
proach was validated using a small-scale example. 

3.2.17 Greer and Ruhe 

The method EVOLVE for incremental software development release plan-
ning proposed by Greer and Ruhe [GR04] aims at optimally allocating re-
quirements to increments while at the same time considering different 
constraints. The optimization method used is iterative and based on a ge-
netic algorithm. The method works as follows: For a given set of require-
ments, different stakeholders assess two criteria on a scale (urgency and 
importance). Furthermore, for each requirement, the implementation ef-
fort is assessed. A maximum effort constraint for each increment is also 
defined, which must not be exceeded by the requirements that are as-
signed to this increment (i.e., the sum of the requirements’ effort must 
not exceed the effort constraint). Moreover, dependencies (i.e., prece-
dence constraints) between requirements can be defined that need to be 
considered for the increments. All this information is used as input for a 
genetic algorithm, which determines the optimal requirements set for the 
(fixed) next increment and future (tentative) increments. After the next 
increment has been delivered, EVOLVE can be repeated with the most 
recent information for determining again the (fixed) next increment and 
(tentative) future increments (i.e., a re-planning after any increment is pos-
sible). The number of iterations is not defined in advance. 

EVOLVE takes as input a flat list of requirements and does not consider 
hierarchies as such. It incorporates multiple stakeholders in the prioritiza-
tion process, who assess a fixed set of generic prioritization criteria as well 
as constraints. It is not intended to incorporate additional criteria in the 
genetic algorithm. Even if the approach is able to assign requirements to 
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increments, it does not provide any guidance regarding which require-
ments to refine. The approach was validated with sample project data. 

3.2.18 Kukreja and Boehm 

The two-step prioritization approach proposed by Kukreja and Boehm 
[KB13] based on TOPSIS (Technique for Order Preference by Similarity to 
Ideal Solution, see also section 3.3.4) aims to serve as a prelude for a dy-
namically prioritizable product backlog. The method starts by capturing 
project goals in Winbook, a social networking tool based on the WinWin 
methodology [BBH+94]. Then these goals are prioritized in the tool using 
so-called “success sliders”. After that, the goals are decomposed into 
high-level Minimal Marketable Features (MMFs) and each MMF is scored 
against each of the goals (on a scale from one to nine). The priorities of 
the MMFs are determined by TOPSIS. Each MMF is further decomposed 
into functional requirements representing win conditions in user-story for-
mat in Winbook. These are scored again on scales against the three di-
mensions business value, relative penalty, and ease of realization. Each 
win condition is traced to the MMF to which it belongs and its score is 
scaled like that of its parent MMF. Once the win conditions have been 
prioritized, they can be sorted in order of importance in a product backlog. 
The win conditions can then be picked for further analysis, prototyping, 
development, and testing, for example. 

The approach is hierarchical as TOPSIS was extended by the authors to 
cope with requirements hierarchies. However, the calculation scheme is 
not presented in the publication. An integration of multiple stakeholder 
ratings is also not provided, but the approach is able to incorporate an 
arbitrary number of prioritization criteria.  A fixed set of generic prioritiza-
tion criteria is proposed in the method. Prioritization is used during elici-
tation of the MMFs and functional requirements; however, no guideline 
is given on how to use the priorities in order to refine the MMFs into the 
functional requirements. Only the functional requirements themselves are 
to be analyzed with regard to their importance after the prioritization. 
Furthermore, a drawback of TOPSIS are rank reversals, leading to wrong 
ranking orders in certain situations [TH11] [KB13] [Kuk13]. The approach 
was validated in a university software engineering project course. 

3.2.19 Kim et al. 

The integrated requirements elicitation process VIRE proposed by Kim et 
al. [KIB+08] aims to identify, analyze, and validate new customer values 
for creating a potential market. It consists of five steps adapted from the 
win-win spiral model [BI96]. In the first step, project goals, system bound-
aries, and system-value propositions are analyzed. A “strategy canvas” is 
used to capture satisfaction and dissatisfaction with existing systems. In 
the second step, new customer needs are identified by a customer survey. 
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These newly identified value factors are also depicted in the strategy can-
vas. In the third step, the so-called ERRC analysis is performed. It helps 
stakeholders to eliminate, reduce, raise, and create values based on cus-
tomer requirements and importance, system elements, and their mapping 
relationships. In the fourth step, the requirements for a value-innovative 
product are redefined on the basis of the newly identified and resolved 
values from steps 1-3, resulting in a new strategy canvas. Finally, in the 
last step, the old and new strategy canvases are compared and the rede-
fined requirements are validated. During the ERRC analysis, the ERRC de-
cision matrix is applied. In the matrix, customer importance is determined 
for the customer requirements. Development costs are also considered, 
for example. Furthermore, this prioritization is validated by mapping the 
customer requirements to system elements that realize the customer re-
quirements. The correlations are used to determine the business im-
portance of each system element. Finally, the ERRC matrix suggests ERRC 
actions (eliminate, reduce, raise, create values) by calculating business im-
portance and relative costs.  

The approach does not directly consider requirements hierarchies; rather, 
it relates customer requirements to system elements. It includes multiple 
(fixed) generic prioritization criteria but does not provide a calculation 
scheme for multiple stakeholders, nor is it intended to integrate additional 
criteria. It also does not describe how to refine requirements according to 
priorities but rather aims at redefining requirements based on customer 
values. The approach was validated in a case study for a national tax-ser-
vice system. 

3.2.20 Racheva et al. 

The approach proposed by Racheva et al. [RDB08] aims at providing sys-
tematic support for the decision-making process regarding what to imple-
ment in each iteration in agile projects. For this purpose, it uses measure-
ments and real option concepts to support decision-making. In the first 
step of the process, a preliminary set of requirements is defined for the 
project. After that, a work breakdown structure (WBS) is created, which 
serves as a basis for the development team to estimate the development 
effort. The project size unit is proposed for assessing the development 
effort. At the same time, the business value per user story is estimated by 
the client. The estimation of the business value is done by assigning addi-
tive weights to the buckets of the WBS, which represent features and 
other organizations of stories. After that, the business value of any WBS 
bucket, including stories, can be calculated. This is done by first assigning 
the value of 100% to the top of the tree. After that, moving down the 
tree, each bucket's value is assigned the appropriate percentage of its 
parent's value, as compared to its siblings (i.e., representing relative prior-
ities as in Hierarchical Cumulative Voting, see section 3.3.2). When the 
business value per story is calculated, the business value of an option (i.e., 
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the set of user requirements to be implemented in an iteration) is calcu-
lated by summing up the business value of each story in the set. In the 
option analysis, the client then prioritizes the list by maximizing the busi-
ness value. The decision regarding prioritization is made based on options 
thinking (e.g., postponing, scoping up, scoping down). This process can 
be iterated (i.e., requiring repetitive estimations and calculations) until mu-
tual agreement is reached. After negotiation, the scope of the iteration 
can be defined by the prioritized list of requirements.  

The approach takes into account a hierarchical structure of user stories in 
buckets. It incorporates clients and developers in the assessment process; 
however, this is not directly reflected in the calculation scheme (i.e., how 
the assessment of multiple stakeholders is dealt with). The approach pro-
poses two fixed generic criteria for prioritization (effort and business 
value). It is not intended to be extended by further criteria. The priorities 
are not used to decide which requirements to refine. A validation of the 
approach is not described. 

3.2.21 Summary and Assessment 

In this section, the results of the assessment of the prioritization ap-
proaches are summarized. The classification was done along the schema 
shown in Table 3. Table 4 presents the overview of the publications with 
their respective assessment results. It shows that the investigated ap-
proaches support the defined requirements only partially, respectively not 
at all. Whereas the approaches are relatively strong in supporting multiple 
stakeholders and most of the approaches were also validated, they do not 
provide different prioritization criteria (especially for the BPRE domain) 
that can be customized to the project context, and they also lack decision 
support for requirements refinement.  

Only a few of the approaches provide a real calculation scheme for hier-
archically structured requirements. Except for the approach of Moisiadis 
[Moi00b] (which, however, is specific for the use case notation), none of 
them provides decision support for refining requirements based on prior-
ities. Some of them are also dependent on a special notation or modeling 
language. In general, the approaches are rather specific in terms of their 
context, prerequisites, or application domain, which restricts their applica-
bility, respectively transferability, to the BPRE setting. 
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Przybyłek [Prz14] - o o o - + 
Moisiadis [Moi00b] o + + o o o 
Liu et al. [LVS+04] + + - - - - 
Vanhanen et al. [VMI09] - + - - o + 
Smiley et al. [SHK+09] - - o o o o 
Liaskos et al. [LMS+11] o o - - o o 
Carod and Cechich [CC07] o + o o o + 
Lim and Finkelstein [LF12] o + - - - + 
Balushi et al. [BSL13] - + - o - + 
Doerr [Doe10] o o o o - + 
Renzel et al. [RBK+13] - + o o - - 
Wautelet and Kolp [WK11] - - o o o + 
Shao et al. [SPS+12] o + - - - o 
Andreou et al. [AZP+03] - - o o o + 
Ma et al. [MLZ+12] o + + o o + 
Ruhe et al. [REP03] + + + o o o 
Greer and Ruhe [GR04] - + o o - o 
Kukreja and Boehm [KB13] + o + o o + 
Kim et al. [KIB+08] - o o o - + 
Racheva et al. [RDB08] + o o o - - 

+: Support, o: Limited Support, -: No Support 

Table 4.  Summary of the Assessment of Existing Prioritization Approaches during Requirements Elic-
itation 

3.3 Hierarchical Prioritization Approaches 

In this section, existing work in the area of hierarchical requirements pri-
oritization is described. The difference between the approaches discussed 
in this section and those discussed in section 3.2 is that they are rather 
generic (multi-purpose) prioritization approaches and are not intended for 
or directly related to requirements elicitation. This also means that they 
are used to prioritize requirements that have already been elicited (i.e., an 
already specified set of final requirements). This is typically done to create 
a ranking to allow deciding which requirements to implement first, for 
example. In this area, many approaches have already been proposed. Of-
ten, the approaches integrate or build upon an existing prioritization ap-
proach and try to overcome its deficiencies by means of different improve-
ments. The most prominent example is AHP [Saa80], which has been uti-
lized in a vast number of publications (see section 3.3.1). In the following, 
an overview of the most common types of hierarchical prioritization ap-
proaches will be given. 
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3.3.1 AHP-based Approaches 

The Analytic Hierarchy Process proposed by Saaty [Saa80] is a decision 
support method for structuring and analyzing complex decisions. Since its 
presentation, it has been widely used and adopted and is one of the most 
prominent methods also in requirements prioritization. An early applica-
tion of the AHP for requirements prioritization is described in [KR97], 
where value and costs for the requirements are determined by utilizing 
the AHP. The AHP consists of four steps (which have to be performed for 
each prioritization criterion of interest): 

1) Creation of an n x n matrix for n requirements. 

2) Pairwise comparison of all requirements using the scale in Table 5 with 
respect to the prioritization criterion.  

Relative  
Intensity 

Definition Explanation 

1 Equal importance Two requirements are of equal value 
3 Weak importance Experience and judgment slightly fa-

vor one requirement over another 
5 Essential or strong importance Experience strongly favors one re-

quirement over another 
7 Very strong or demonstrated 

importance 
A requirement is strongly favored; its 

dominance is 
demonstrated in practice 

9 Extreme importance The evidence favoring one over an-
other is of the highest 

possible order of affirmation 
2, 4, 6, 8 Intermediate values between 

two adjacent scale values 
When compromise is needed 

 
Reciprocals If requirement i has one of the 

above numbers assigned to it 
when compared with require-

ment j, then j has the reciprocal 
value when compared with i 

 

Table 5.  Fundamental Scale used for Pairwise Comparisons [Saa80] [KR97] 

The resulting value as well as its reciprocal value are entered into the 
matrix in the respective cells. An example for four requirements is 
shown in Table 6. The example shows four system functions for a 
travel management system (SF1-SF4), which are needed to support 
the activity of booking a company car for a business trip. Of course, 
this is a simplified example, as in practice a lot more system functions 
would be included. The values in Table 6 are the result of the pairwise 
comparisons between the requirements. For example, SF1 is seen as 
slightly more important than SF4; thus, its assigned value is 3 and the 
reciprocal value for SF4 is 1/3. 
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 SF1. 
Book Car  

SF2. 
Print Booking 

Receipt 

SF3. 
Check Car 

Availability 

SF4. 
Send Booking 
Notification 

SF1. Book Car  1 7 2 3 
SF2. Print Booking Receipt 1/7 1 1/8 3 
SF3. Check Car Availability 1/2 8 1 4 

SF4. Send Booking Notification 1/3 1/3 1/4 1 

Table 6.  Example: AHP Requirements Matrix with Values and Reciprocal Values from Pairwise Com-
parisons 

3) Estimation of the eigenvalues of the matrix. This is done by (1) calcu-
lating the sum of the n columns in the comparison matrix, (2) dividing 
each element in the matrix by the sum of the column the element is 
a member of, and (3) calculating the sums of each row. After that, 
the sums of the rows are normalized by dividing each row by the 
number of requirements (see example in Table 7).  

 SF1. 
Book Car  

SF2. 
Print Booking 

Receipt 

SF3. 
Check Car 

Availability 

SF4. 
Send Booking 
Notification 

Sum 

SF1. Book Car  0.51 0.43 0.59 0.27 1.80 
SF2. Print Booking Receipt 0.07 0.06 0.04 0.27 0.44 
SF3. Check Car Availability 0.25 0.49 0.30 0.36 1.40 

SF4. Send Booking Notification 0.17 0.02 0.07 0.09 0.35 

 

Table 7.  Example: AHP Requirements Matrix with Estimation of the Eigenvalues 

4) Assignment of the relative priority value to each requirement based 
on the estimated eigenvalues. In the example from Table 7, the prior-
ity of the requirements can be extracted from the resulting eigenval-
ues. SF1 contains 45% of the requirements’ total value, SF2 contains 
11%, SF3 contains 35%, and SF4 contains 9%. Thus, SF1. “Book 
Car” is deemed the most important requirement according to this pri-
oritization. 

Furthermore, the AHP provides a means for checking the consistency of 
the pairwise comparisons. The redundancy of pairwise comparisons makes 
the AHP less sensitive to judgment errors and allows measuring judgment 
errors by calculating the consistency index of the comparison matrix and 
then calculating the consistency ratio (an example calculation is provided 
in [KR97]). 

In this basic version of the AHP, hierarchical requirements structures are 
not regarded. However, the hierarchical application of the AHP has also 
been discussed in the literature (also denoted as Hierarchy AHP) [KWR98] 
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[IZM10]. In this case, a requirement is not compared to all other require-
ments (as in a flat list), but only to the requirements that are on the same 
level of the hierarchy (i.e., to the requirements having the same parent 
element). An example is shown in Figure 23, which depicts a greatly sim-
plified (in terms of requirements numbers and complexity) BPRE require-
ments hierarchy of a travel application process. The gray boxes indicate 
the requirements that are prioritized with respect to their parent element. 
In this example, the travel application process consists of the human-sys-
tem activities HSA1. Create Travel Application, an activity of an employee 
for requesting approval for a business trip; HSA2. Book Company Car, an 
activity of booking a company car for a business trip; HSA3. Approve 
Travel application, the approval of the business trip by the boss; and the 
system activity SA4. Book Travel, the activity of archiving the application 
in case it is approved. As these HSAs and the SA are under the same parent 
element (the travel application process), they are compared to each other. 
Below the activities, the system functions supporting them are listed (e.g., 
SF2. Plausibility Check, describing a system function that checks the en-
tered travel data in the travel application form during the performance of 
HSA1). Only those system functions are compared to each other that have 
the same HSA / SA as a parent element (e.g., SF1-SF4 for HSA1).  

 

Figure 23.  Example Three-Level BPRE Requirements Hierarchy 

In the standard version of the AHP, all system functions (SF1-SF11) would 
have been compared in a flat list. 

Using the hierarchy AHP, the number of comparisons can be significantly 
reduced, improving the scalability of the approach [KWR98]. Still, many 
comparisons have to be made even if the requirements are structured hi-
erarchically. As scalability is one of the major problems of the AHP, differ-
ent ways have been proposed to reduce the number of comparisons while 
at the same time preserving its accuracy (see, e.g. [ABP+05] [BAG+10]). 
The minimal spanning tree is also an AHP-based approach reducing its 
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number of comparisons; however, the reliability of its results and its fault 
tolerance are poor [KWR98]. 

Another extension of the AHP is the incorporation of fuzziness and vague-
ness into the decision-making process (so-called Fuzzy AHP). In this case, 
fuzzy linguistic terms are used instead of crisp numbers for assessing the 
requirements. A fuzzy linguistic term is, for example, “Of equal im-
portance”, which is mapped to a fuzzy number (i.e., a number referring 
to a possible set of values) [BA13]. This shall facilitate the decision-making 
process if crisp numbers are hard to assess [OE10]. However, the useful-
ness of fuzzy extensions for the AHP is criticized by Saaty because the 
numerical representation of judgments in the AHP is already fuzzy. Mak-
ing these fuzzy judgments more fuzzy does not yield a better result but 
often even a worse one [Saa06].  

The AHP and its extensions have also been widely adopted in other disci-
plines, such as mechanical engineering and product engineering, for ex-
ample in combination with quality function deployment [FRX96] [ZC09] 
[LCL12]. 

The Hierarchy AHP, which is the most relevant one in terms of this thesis, 
supports hierarchical requirements structures, assessment by different 
stakeholders, as well as different prioritization criteria. However, it is a 
general-purpose prioritization method and thus not specific for the BPRE 
domain and not intended for decision support for requirements refine-
ment. It is a mathematically rigorous approach that has been validated in 
several contexts. 

3.3.2 HCV-based Approaches 

Hierarchical Cumulative Voting (HCV) proposed by Berander and Jönsson 
[BJ06] is a prioritization approach explicitly designed for prioritizing hier-
archically structured requirements. It is based on Cumulative Voting (CV; 
also known as the Hundred-Dollar Test [LW00]), which is considered a 
simple and straightforward prioritization technique. HCV aims at address-
ing the weaknesses of the AHP while inheriting the strengths of CV. In 
CV, stakeholders are given a number (e.g., 100) of imaginary units (e.g., 
monetary units, points) to distribute among the requirements to be prior-
itized, which represent the requirements’ relative priority in relation to the 
other requirements. Thus, there is no need to perform a consistency check 
as in the AHP since consistency is always ensured when comparing all re-
quirements directly to each other. As in CV, the prioritization in HCV is 
performed by distributing points between requirements. However, not all 
requirements are prioritized at the same time, but only in their respective 
hierarchy level and group [BJ06] (see example in Figure 24; requirements 
in the same box are prioritized together).  



 Related Work 

  71 

 

Figure 24.  Assignment of Points according HCV in an Example Three-Level BPRE Requirements Hierar-
chy 

HCV consists of four steps: 

1) Assignment of priorities to all requirements in the hierarchy by per-
forming ordinary CV within each prioritization block. 

2) Calculation of intermediate priorities for the requirements. 

This can be done by using straight calculation as shown in Equation 1 
or compensated calculation as shown in Equation 2. Using straight 
calculation, the assigned priority   of a low-level requirement  
is multiplied with the assigned priority of the “parent” high-level re-
quirement   to get the intermediate (non-normalized) priority 

. 

 

Equation 1. HCV: Straight Calculation 

Using straight calculation, requirements in prioritization blocks with 
few LLRs will be favored over requirements in blocks with many LLRs 
because the point average per LLR is higher. To avoid this, compen-
sated calculation can be used, which uses a block-specific compensa-
tion factor . 

Equation 2. HCV: Compensated Calculation 

A more general form of compensated calculation, which accounts for 
more than two levels, is shown in Equation 3, where  denotes the 
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 requirement on an arbitrary level and  a function that returns the 
parent for a given requirement.  

Equation 3. HCV: General Form of Compensated Calculation 

Straight calculation is again similar, except for the compensation fac-
tor . The intermediate priority of a requirement on the highest level 
corresponds to its assigned priority.  

3) Calculation of the final priorities at the level of interest through nor-
malization.  

The final normalized priority  for requirement  is determined 
by dividing its intermediate priority by the sum of all intermediate pri-
orities, which is shown in Equation 4. 

 

Equation 4. HCV: Final Priority 

4) (Optional): HCV is capable of taking into account several (weighted) 
stakeholders’ ratings. Then the formula has to be extended. The cal-
culation of the final priority  of  for all stakeholders with the 
normalized weight  of stakeholder  is shown in Equation 5. 

Equation 5. HCV: Final Priority with Multiple Stakeholders 

Figure 25 shows again the example BPRE requirements hierarchy. The 
numbers next to the respective requirements represent their assigned pri-
ority, in this case 100 points within each prioritization block. The most 
important activity in the process is HSA1; thus it is assigned the most 
points (40). The least important activity is SA4; thus it is assigned the least 
points (10). As mentioned above, the assigned points represent the re-
quirements’ relative priority in relation to the other requirements in the 
same prioritization block. A special case is the system function SF10. “Sent 
Notification”. As this system function is used in both activities HSA3. “Ap-
prove Travel Application” and SA4. “Book Travel”, it is assigned two dif-
ferent values for each parent activity.  

The results of the prioritization are shown in Table 8. In the case of SF10, 
the final priorities are summed up to calculate its overall value. The results 
show that the most important system function in the hierarchy is SF1. 
“Show Travel Form” (Rank 1). The least important system function is SF3. 
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“Save Travel Form Draft” (Rank 11). Typically, the ranking is used to de-
cide which system function to implement first. 

 

Figure 25.  Example: HCV for a BPRE Requirements Hierarchy. Assignment of Points 

HSA / SF Points Intermediate Priority Final, Normalized Priority Rank 
HSA1 / SF1 40 / 45 40 * 45 = 1800 1800 / 10000 = 0.18 1 
HSA1 / SF2 40 / 15 600 0.06 8 
HSA1 / SF3 40 / 5 200 0.02 11 
HSA1 / SF4 40 / 35 1400 0.14 2 
HSA2 / SF5 20 / 45 900 0.09 6 
HSA2 / SF6 20 / 20 400 0.04 9 
HSA2 / SF7 20 / 35 700 0.07 7 
HSA3 / SF8 30 / 45 1350 0.135 3 
HSA3 / SF9 30 / 35 1050 0.105 5 

HSA3 / SF10 30 / 20 600
0.06 +  0.07 = 0.13 4 

SA4 / SF10 10 / 70 700
SA4 / SF11 10 / 30 300 0.03 10 

 

Table 8.  Example: HCV for a BPRE Requirements Hierarchy. Calculation of Priorities using Straight 
Calculation 

As in the case of the AHP, a fuzzy extension to HCV was recently published 
that uses fuzzy triangular numbers instead of crisp points in order to deal 
with vagueness and imprecision during priority setting [SZZ14]. 

However, a more interesting approach in terms of this thesis is the Value-
Oriented HCV (VOHCV) approach proposed by Mohamed [MEW08], 
which builds on HCV and Value-Oriented Prioritization (VOP) [ASC07]. It 
aims at improving HCV by taking into account different prioritization cri-
teria during prioritization and thus improving the prioritization result. It 
proposes five different criteria (denoted as core business values): imple-
mentation costs, technical risks, relative impact, market-related aspects, 
and perceived value to the stakeholder. These core business values can 
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also be further refined, if needed (except for perceived value). In the first 
step, the core business values and their refined criteria (so-called features) 
are assigned global weights (on a scale from one to ten) based on the 
organization’s strategic goals and future vision. Then, for each feature and 
requirement, each stakeholder assigns a value (again on a scale from one 
to ten), which represents how the feature will affect the requirement. 
Based on that, the distribution points are calculated according to the fol-
lowing scheme: 

1) Calculation of the average business value  for each requirement 
and each business value dimension  (cost, risk, impact, aspect, value) 
by using the assigned feature weights  and requirements values , 
as well as the number of features per business value , see Equation 
6. 

 

 

Equation 6. VOHCV: Average Business Value 

2) Calculation of the average distribution number  for each require-
ment by using the average business values , the assigned weights 
to the business values , the number of business values , and a 
compensation factor  to control the range of the distribution num-
bers (which is set to ten to have the distribution number range be-
tween one and 100, similar to HCV), see Equation 7. 

 

Equation 7. VOHCV: Average Distribution Number 

3) Calibration of the distribution numbers in order to match the 100 
points as indicated by HCV. 

After that, the priorities are calculated in the same way as in HCV. An 
example of the calculation for the hierarchy from Figure 25 is shown in 
Table 9. The features and weights were used as proposed in [MEW08]: C1 
development cost; C2 testing cost; R1 over budget risk; R2 overrun risk; 
I1 performance impact; A1 market share aspect; A2 profit aspect; V1 im-
portance to stakeholder. After calculating the points to be distributed (col-
umn ANDist), they are used as input for the common HCV calculation. It 
is assumed that SF10 is rated for both prioritization blocks. 
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Business Value (BV) Cost Risk Impact Aspect Value 

ANDist 
BV Weight 9 10 6 4 5 

Feature C1 C2 R1 R2 I1 A1 A2 V1 
Feature Weight 5 8 10 6 3 7 8 10 

HSA1 (Value) 3 4 5 6 9 2 9 9 29 
HSA2 (Value) 5 6 3 4 7 1 5 7 24 
HSA3 (Value) 6 7 5 6 9 1 5 7 29 
HSA4 (Value) 2 3 3 4 6 1 6 5 18 
SF1 (Value) 7 8 7 8 10 2 9 9 36 
SF2 (Value) 4 5 5 4 3 1 2 5 20 
SF3 (Value) 8 2 2 7 2 1 1 3 15 
SF4 (Value) 8 9 2 3 9 2 8 9 29 
SF5 (Value) 4 5 2 3 10 2 9 9 33 
SF6 (Value) 3 4 3 4 5 1 4 8 27 
SF7 (Value) 8 9 2 3 9 2 8 10 40 
SF8 (Value) 4 5 2 3 9 2 8 5 33 
SF9 (Value) 6 7 3 2 9 3 9 9 44 

SF10.1 (Value) 6 7 1 2 2 1 1 3 23 
SF10.2 (Value) 6 7 1 2 1 1 1 5 40 
SF11 (Value) 7 8 4 5 5 1 4 5 60 

 

HLR / LLR Points 
HLR 

Points 
LLR 

Compensation 
Factor 

Intermediate 
Priority 

Final Priority Rank 

HSA1 / SF1 29 36 4 4176 0.134 1 
HSA1 / SF2 29 20 4 2320 0.075 8 
HSA1 / SF3 29 15 4 1740 0.056 11 
HSA1 / SF4 29 29 4 3364 0.108 4 
HSA2 / SF5 24 33 3 2376 0.076 7 
HSA2 / SF6 24 27 3 1944 0.063 10 
HSA2 / SF7 24 40 3 2880 0.093 5 
HSA3 / SF8 29 33 3 2871 0.092 6 
HSA3 / SF9 29 44 3 3828 0.123 2 

HSA3 / SF10 29 23 3 2001 0.064 + 
0.046 = 0.11 

3 
SA4 / SF10 18 40 2 1440 
SA4 / SF11 18 60 2 2160 0.069 9 

Table 9.  Example: VOHCV for a BPRE Requirements Hierarchy 

Like the Hierarchy AHP, VOHCV supports hierarchical requirements struc-
tures and assessment by different stakeholders. An arbitrary number of 
different low-level prioritization criteria (denoted as features) can be used, 
but only with respect to the proposed fixed set of higher-level criteria (de-
noted as core business values). These core business values are not further 
explained in the publication. A possible shortcoming with respect to this 
two-level criteria structure is that double weighting of an assigned require-
ments value takes place, on the one hand by the weight of the respective 
feature and on the other hand by the weight of the respective core busi-
ness value. Especially when only one feature per core business value is 
used, this calculation seems rather not meaningful. Moreover, as a gen-
eral-purpose prioritization method, it is not specific for the BPRE domain 
and not intended to provide decision support for requirements refine-
ment. It was evaluated as part of a software product management frame-
work in a case study described in [MEW10]. 
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3.3.3 MDM-based Approach 

The approach for interrelating and prioritizing requirements on multiple 
hierarchy levels proposed by Eben et al. [EDL10] uses the Multiple-Domain 
Matrix (MDM, [LMB09]) to support the identification of requirements 
through structural modeling as well as prioritizing the requirements as-
signed to domains on different levels of hierarchy. The approach consists 
of four steps. In the first step (1), requirements domains (e.g., community, 
customer, company, system, subsystem) are identified, which are docu-
mented in the MDM. The domains are derived from the hierarchical per-
spectives on the product of various stakeholders in the development pro-
cess as well as from product decomposition layers. In the next step (2), the 
requirements included in these different domains are elicited. The rela-
tionships of the requirements are documented in sub-matrices. Further-
more, requirements are grouped into categories (e.g., functional require-
ments and technical requirements). In the third step (3), the requirements 
are prioritized. For this, the requirements in the upper-level domains are 
assigned a value on a two-point scale (high or low). By following the hier-
archical traces down to the lowest component requirements, each passed 
requirement is given the same priority as the starting requirement of the 
path (inheritance of importance). In the last step (4), the requirements 
MDM is validated through a discussion of the results. 

The prioritization approach is based on a requirements hierarchy with dif-
ferent levels. However, it does not provide a real hierarchical calculation 
between the levels; the priorities of lower-levels requirements are just in-
herited from upper levels7. Different stakeholders are represented by the 
different domains, but not in the actual prioritization scheme. Different 
prioritization criteria as well as decision support for requirements refine-
ment are not intended by the approach. The approach was applied in a 
small case study for a simplified pneumatic control system of railway 
brakes. 

3.3.4 TOPSIS-based Approach 

The tool-supported prioritization approach proposed by Kukreja [Kuk13] 
(which is also integrated in the approach discussed in section 3.2.18) is 
based on TOPSIS (Technique for Order Preference by Similarity to Ideal 
Solution), a multi-attribute decision-making method originally developed 
by Hwang and Yoon [HY81]. In the first step of the method, business goals 
are prioritized using so-called success sliders in the prioritization tool. Then 
Minimal Marketable Features (MMF) [DC04] are prioritized against this set 
of goals. Each MMF is assessed on a scale (from one to nine) signifying its 
contribution to satisfying a particular business goal. By changing the goal 
weights (i.e., the sliders), sensitivity analyses can be performed, as the im-
pact on changing priorities is directly shown visually in the tool. After that, 

                                                      
7 Due to this limitation, a concrete example for the BPRE requirements hierarchy is omitted here. 
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individual requirements captured in a user-story format are scored similarly 
against three dimensions (business value, relative penalty (if not imple-
mented) and ease of realization) on a Fibonacci scale using story points. 

The approach is completely hierarchical for at least three levels, as the 
original TOPSIS was extended for usage in hierarchies. However, the cal-
culation scheme or an example calculation for the hierarchical TOPSIS is 
not provided in the publication and thus cannot be retraced8. Different 
stakeholders are proposed for prioritizing the different levels of require-
ments; however, no integration of single stakeholder ratings is provided. 
The approach is flexible regarding the integration of different prioritization 
criteria and some basic criteria are already proposed. Decision support for 
requirements refinement is not intended. Furthermore, the TOPSIS 
method inherits some shortcomings, which lead to wrong ranking orders 
in certain situations [TH11] [KB13] [Kuk13]. The approach was applied in 
a university student project. However, details about this case study are 
omitted. 

3.3.5 Summary and Assessment 

In this section, the results of the assessment of the hierarchical prioritiza-
tion approaches are summarized and discussed with regard to the possible 
integration into the thesis approach. The classification was again done 
along the scheme shown in Table 3. 
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Karlsson et al. (Hierarchy AHP) [KWR98] + + + - - + 
Mohamed et al. (Value-oriented HCV) [MEW08] + + + o - + 
Eben et al. (MDM) [EDL10] o o - - - + 
Kukreja (Hierarchical TOPSIS) [Kuk13] + o + o - o 

+: Support, o: Limited Support, -: No Support 

Table 10.  Summary of the Assessment of Existing Hierarchical Prioritization Approaches 

According to the support of Req.1 - Req3. in Table 10, the Hierarchy AHP 
and VOHCV (and with slight drawbacks the hierarchical application of 
TOPSIS) are suitable approaches for prioritizing requirements in the BPRE 
requirements hierarchy. Of course, these generic approaches do not pro-
vide any specific prioritization criteria models for the BPRE domain or spe-
cific decision support for requirements refinement. Because of the draw-

                                                      
8 Due to this limitation, a concrete example for the BPRE requirements hierarchy is omitted here. 
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back of the AHP for large requirements numbers (i.e., the large prioritiza-
tion effort needed as described in section 3.3.1), VOHCV seems most 
promising for integration into the BPRE prioritization process of this thesis. 
Still, minor adaptions are necessary, which will be described in the follow-
ing.  

First of all, applying VOHCV would entail utilizing BPRE-specific prioritiza-
tion criteria and not the ones presented in the original approach. To re-
move the double weighting mentioned at the end of section 3.3.2, it 
seems reasonable to only use a flat criteria structure, as the weighting of 
the criteria is not falsified in this way. 

Furthermore, a possible shortcoming of VOHCV (in contrast to original 
HCV) is the proposed rating scale for the prioritization criteria. VOHCV 
uses a scale from one to ten to rate each criterion, whereas original HCV 
uses a given number of points (e.g., 100) to be distributed among the 
requirements (see section 3.3.2). Using the rating scale proposed by 
VOHCV might lead to misconceptions among stakeholders performing the 
prioritization. The problem is that the scale might give the impression that 
requirements are prioritized in absolute terms to each other, as it is possi-
ble to assign a value without comparing it to the ratings of other require-
ments. Indeed, the requirements are actually always prioritized relative to 
each other. For example, if there are two requirements in a prioritization 
block (as depicted in Figure 24 in section 3.3.2) and both are assigned the 
exact same ratings, their relative priority in the respective prioritization 
block is 50%, no matter which concrete values (e.g., high or low values) 
are assigned to them. By distributing points as proposed in original HCV, 
this threat is not given, as here it is obvious that the requirements within 
a prioritization block are prioritized relative to each other since they need 
to be compared when assigning the points to them (this advantage is also 
discussed in a different context in [BJ06]).  

Moreover, the scale in VOHCV might give the impression that the ratings 
of requirements in different parts of the hierarchy (i.e., in different priori-
tization blocks) are comparable to each other. However, this is not the 
case, as a requirement in one prioritization block does not necessarily re-
ceive the same priority as a requirement with the exact same rating from 
another block. This is because the priority of a requirement in a prioritiza-
tion block is dependent on the number and ratings of the other require-
ments in the respective block (as the ratings are always relative to each 
other). Of course, this is also the case when assigning the points as pro-
posed in original HCV. However, as this is not directly visible when using 
a rating scale such as the one proposed by VOHCV, it may lead to wrong 
or unintended assessments by the stakeholders, which in turn may lead to 
wrong prioritization results. Because of this, it seems more appropriate to 
use the original rating concept of HCV, i.e., assigning a given number of 
points to the requirements (respectively to the criteria).  
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These discussed adaptations of VOHCV will be described in the BPRE pri-
oritization process in chapter 6. 

3.4 Summary 

In this chapter, an overview of related work in the area of prioritization in 
BPRE, prioritization during elicitation, and prioritization for requirements 
hierarchies was presented. The publications were assessed with respect to 
six quality criteria (Req. 1 – Req. 6). The systematic literature review 
showed that no concrete approach for requirements prioritization during 
BPRE exists. Also, approaches that utilize prioritization already during re-
quirements elicitation are not appropriate for application in the problem 
domain of this thesis. Only a few of them support hierarchically structured 
requirements (Req. 1), multiple dimensions and variable numbers of rating 
dimensions (Req. 3) in their calculation scheme. Even if some of them pro-
vide support for multiple stakeholder ratings (Req. 2) and most ap-
proaches have also been validated (Req. 6), none of them provides do-
main-specific BPRE prioritization criteria (Req. 4) or decision support for 
requirements refinement (Req. 5) applicable in BPRE. Three out of four of 
the assessed generic hierarchical requirements prioritization approaches 
(i.e., Hierarchy AHP, VOHCV, and Hierarchical TOPSIS) are deemed suita-
ble for prioritizing requirements in the BPRE requirements hierarchy. 
VOHCV was identified as the most promising approach for this thesis. An 
adapted version of it will be integrated into the BPRE prioritization process, 
mainly serving as an assessment and calculation scheme for the require-
ments priorities. With respect to the unsupported requirements Req. 4 and 
Req. 5, this thesis will close these gaps by providing a specific prioritization 
criteria model for the BPRE domain, which will be described in chapter 4, 
as well as concrete decision heuristics for requirements refinement, which 
will be presented in chapter 5. Both assets will be integrated into the BPRE 
prioritization process described in chapter 6, resulting in a prioritization 
approach that is fully applicable in an adaptive incremental BPRE elicitation 
process. 
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4 A Prioritization Criteria Model for BPRE 

“An expert is a person who has made all the mistakes 
that can be made in a very narrow field.”  

Niels Bohr 

As already described in section 1.3, the solution idea presented in this 
thesis consists of providing a systematic prioritization approach using a 
BPRE prioritization criteria model, as well as decision heuristics for the de-
termination of a more valuable elicitation order in adaptive incremental 
BPRE. 

Figure 26. The BPRE Prioritization Criteria Model in the Prioritization Approach 

In this chapter, the BPRE prioritization criteria model is introduced. This 
model includes a comprehensive, structured set of prioritization criteria 
(including definitions, example metrics and an importance and ease-of-
assessment rating for each criterion based on an expert survey) custom-
ized for the BPRE context. It is based on an extensive systematic literature 
review in the domain of prioritization and business process improvement. 
The model is used in the preparation phase of the prioritization approach 
to select appropriate prioritization criteria based on project goals or gen-
eral goals of the organization (see Figure 26). It aims at closing the gap 
left by existing prioritization approaches with respect to the support of 
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domain-specific prioritization criteria for the BPRE context as already de-
scribed in the discussion of related work in chapter 3 (see Table 11). Uti-
lizing the model facilitates the selection of appropriate prioritization crite-
ria, which enable more effective determination of priorities. Thus, in turn, 
leads to more accurate prioritization results and reduces the risk of making 
wrong decisions. 

Req. 4: 
Domain 
Criteria 

Req. 5: 
Decision Support for 

Refinement 
Existing Prioritization Approaches - - 

Table 11. Closing the Gap for BPRE Domain-specific Prioritization Criteria 

This chapter thus mainly deals with objective and subjective prioritization 
criteria that are relevant for the prioritizable reference objects in BPRE and 
that are assessed or measured by stakeholders, as already introduced in 
the foundations in section 2.6.1 (see Figure 27). 

Figure 27. Prioritization Criteria in the Requirements Meta-Model 
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ments prioritization criteria found in the literature. The model is thus a 
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in arbitrary requirements prioritization processes. However, it is not cus-
tomized for a specific domain or context. It was a prerequisite for the de-
velopment of the BPRE-specific prioritization criteria model. Thus, in order 
to make it especially valuable for the BPRE context, some customization 
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had to be done. The model’s customization, i.e., the BPRE-specific priori-
tization criteria model including its categories and prioritization criteria, 
will be introduced afterwards. The chapter closes with the description of 
the industry expert survey that was performed to (1) get expert assess-
ments with respect to importance and ease of assessment for each single 
criterion included in the model and (2) evaluate the benefits of the BPRE 
prioritization criteria model. 

4.1 Research Approach 

In order to identify requirements prioritization criteria from the literature, 
a systematic literature review according to the guidelines of Kitchenham 
[Kit04] was conducted, as was done for the review of related work pre-
sented in chapter 3. In addition, this process was extended in order to 
build and evaluate the BPRE prioritization criteria model (see Figure 28). 
The first step (1) was again to define a review protocol (see Appendix A). 
The research question to be answered was: “Which prioritization criteria 
are discussed in the requirements prioritization literature as well as in the 
area of business process prioritization, improvement, and automation?” 

The developed search strings were tested and applied to Scopus as well 
as to the ACM digital library in title, abstract, and keywords in the second 
step (2). The search was limited to computer science and related fields and 
included all available publication years, publication channels, and publica-
tion types. Non-fitting papers were excluded by checking the titles and 
abstracts of the papers against the defined exclusion criteria.  

In the third step (3), the remaining publications were accessed and classi-
fied into four categories in order to get an overview of the prevailing pub-
lication types: 

Category 1: (Software) Requirements prioritization and negotiation 
approaches and release planning models (i.e., publications where a 
concrete approach is described) 

Category 2: Non-methodological publications in the context of re-
quirements prioritization (e.g., empirical studies and literature re-
views) 

Category 3: IT alignment and business process prioritization & reengi-
neering papers 

Category 4: Other decision-making approaches and publications 
about criteria (e.g., software process improvement) 
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Of around 2450 search hits, 61 publications were classified into category 
1, 22 publications were classified into category 2, 28 publications were 
classified into category 3, and 16 publications were classified into category 
4. Then the publications were analyzed in detail in order to identify prior-
itization criteria mentioned in the text. For this, the following extraction 
strategy was performed: 

For method descriptions and similar texts:  

1) Search in the method description and extraction of all prioritization 
criteria used / proposed in the approach 

2) Search in the remaining parts of the publication and extraction of fur-
ther discussed criteria (not used in / not part of the approach but men-
tioned) 

For non-methodological publications: 

Search in the publication and extraction of all discussed prioritization 
criteria 

If necessary (i.e., if references to prioritization criteria from other resources 
were mentioned), secondary resources from the references were also ac-
cessed (4) and analyzed according to the defined review criteria. In total, 
around 170 publications were analyzed and more than 3000 criteria were 
extracted.  

 

Figure 28.  Research Approach for Criteria Collection and Model Creation 

In the next step (5), these criteria were analyzed in order to remove dupli-
cates and identify synonyms and homonyms. This step was done for the 
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Appendix B) in order to build a non-domain-specific model of require-
ments prioritization criteria (see the generic prioritization criteria model in 
section 4.3). This was done on a set of more than 800 extracted criteria in 
total. During the consolidation of the criteria, the following challenges 
were experienced: 

Most of the analyzed publications do not describe the contained cri-
teria in detail; rather, they just list them in the text without any de-
scription or further discussion. Thus, it is often not clear to the reader 
what exactly is meant by a criterion. Only a few papers (e.g., [WA05b], 
[BAW06]) describe the mentioned criteria in more detail. As a conse-
quence, identifying synonyms or homonyms across the different pub-
lications was difficult and not always possible. 

In general, there is no consensus regarding the meaning of a criterion 
across publications and among different authors. For example, in 
some publications, the criterion “implementation cost” is synony-
mous with “development cost”, i.e., the authors do not distinguish 
between these two terms. However, in other publications, “develop-
ment cost” (and further cost types) is seen as merely a part of “imple-
mentation cost”. Thus, “implementation cost” is rather used as an 
umbrella term in the latter. As a consequence, the classification of a 
criterion in the hierarchy of the generic prioritization criteria model 
(see step (6)) might not accurately reflect the original meaning of this 
criterion intended by certain authors. Thus, the classification of a cri-
terion in the criteria model reflects the interpretation of its meaning, 
which is also defined in the model. Furthermore, due to the similar 
nature of some criteria, not all criteria are independent of each other. 

Due to the nature of the different publications (e.g., concrete prioriti-
zation method descriptions, empirical surveys, etc.), the criteria found 
were on very different abstraction levels. Whereas the criteria applied 
in method descriptions are typically on a level that can be assessed on 
a scale by a stakeholder, the criteria discussed in surveys are on a level 
where an assessment scale is hard to apply. Furthermore, some criteria 
are on a very abstract business level (e.g., “market value”), while oth-
ers are on a very detailed technical level, depending on particular re-
quirements artifacts (e.g., “number of times use case appears in 
model”). 

Often, publications use generic terms for the criteria, e.g. “risk”. In 
this case, an attempt was made to find out from the surrounding text 
what exactly the authors meant with this term. Often it was possible 
to find a more concrete interpretation, such as “technical risk”. How-
ever, in some of the publications, it was not possible to find a concrete 
interpretation. Thus, only the generic term could be referenced. 

Finally, the vast number of criteria was consolidated into a smaller set of 
around 280 criteria. Similar to a thematic analysis approach [CD11], they 
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were categorized into several abstract categories during this consolida-
tion. The clusters were built by browsing the criteria and identifying and 
naming themes to which the criteria belong. As a starting point, the major 
categories were named according to the structuring in [Wie99]. 

In the next step (6), this categorization was iteratively refined, creating 
further subcategories. In addition, a definition was provided for each cri-
terion in order to foster a common understanding of the criteria. This def-
inition was referenced from the literature or created anew if no suitable 
definition was provided in the literature. Finally, the model was discussed 
with several requirements engineering experts. Based on their feedback, 
the model was slightly restructured into its final structure, which is de-
scribed in section 4.3. 

Once the creation of this generic prioritization criteria model was finished, 
the next step (7) was to analyze the more BPRE domain-related criteria 
that were extracted from the publications in category 3 and category 4. 
The remaining criteria from these publications were matched against the 
generic prioritization criteria model. Criteria that were already contained 
were not further regarded. New criteria were marked for possible inclu-
sion in the model. The list of literature sources from which additional cri-
teria could be extracted can be found in Appendix B. 

Then, in the next step (8), the generic prioritization criteria model was 
customized and extended. This was done in several interviews and work-
shops with requirements engineering experts by discussing an appropriate 
abstraction level of the model as well as discussing the incorporation of 
the possible new criteria into the model. During this evolutionary proce-
dure, the final model structure for the BPRE prioritization criteria model 
was elaborated (see section 4.4). The major changes to the generic model 
include: 

Removal of purely software-product-related criteria and categories, as 
the focus of the BPRE prioritization criteria model is on the business 
processes of an organization and not on a software product 

Removal of criteria with a non-fitting abstraction level or that are de-
pendent on certain documentation notations (e.g., use cases) or that 
are too redundant with other criteria 

Renaming of criteria to the most suitable name with respect to the 
BPRE context 

Merging and renaming of categories and subcategories according to 
the reduced set of criteria 

Restructuring of the whole model into a three-level hierarchy 
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The original model was trimmed down to 65 criteria, integrating around 
15 new criteria from the domain customization. 

In the last step (9), the customized model was evaluated in an industry 
expert survey with professionals from the domain of business-process-
driven software development. This evaluation was performed in order to 
(1) get expert assessments with respect to importance and ease of assess-
ment for each single criterion included in the model and (2) evaluate the 
overall benefits of the BPRE prioritization criteria model. 

Concerning the threats to validity during this research process, two threats 
can be considered to be the most prominent ones. First of all, despite the 
rigorous search strategy, there exists the possibility that important publi-
cations may have been missed. Publications might exist that are not in-
dexed in the databases used. Also, not all relevant publications might have 
been extracted using the search terms in their titles, abstracts, or key-
words. However, it was noticed during the extraction of the criteria that 
the more publications were analyzed, the fewer (and sometimes no) new 
criteria could be identified. Thus, the integration of missing publications 
might not have a large impact on the model, as only few new criteria 
might exist. The second threat arises due to the challenges described 
above. As the vast number of criteria had to be consolidated into a smaller 
set, there is a possibility that some criteria were seen as synonyms, even if 
their meanings might actually be different. Thus, some criteria might have 
been discarded inadvertently. This is due to the fact that mostly no defini-
tions of criteria were provided in the literature. Furthermore, during the 
customization of the BPRE-specific prioritization criteria model, several de-
cisions concerning the abstraction level and inclusion of criteria had to be 
made. During this procedure, some criteria might have been discarded 
that might still be of relevance in certain contexts. However, an attempt 
was made to minimize this threat by not eliminating ambiguous criteria, 
but rather trying to integrate them into the taxonomy and also discussing 
the customization with experts. Furthermore, due to the structure of the 
model and the newly created definitions, it should be easy to integrate 
other criteria into the model in case criteria were missed. 

4.2 State of the Art 

In this section, a brief overview of the most prominent literature explicitly 
dealing with requirements prioritization criteria will be given. In contrast 
to the vast amount of literature available on requirements prioritization, 
the research with respect to prioritization criteria is rather limited. As al-
ready described in the previous section, several prioritization criteria are 
often applied in prioritization or release planning methods; however, def-
initions are often missing and a comprehensive overview of prioritization 
criteria is missing.  
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Early studies of requirements prioritization criteria (sometimes also called 
factors [BW10] or aspects [Ber07] [Leh06]) were performed by Wohlin and 
Aurum [WA05a] [WA05b], who propose and describe a set of 13 prioriti-
zation criteria. The importance of these criteria was evaluated in empirical 
studies using questionnaires in two, respective eight companies. These cri-
teria are also taken up by Barney et al. [BAW06] [BAW08] [BWH+09] and 
Hu et al. [HAW06] in several subsequent similar studies. A similar large, 
but partly different set of criteria is proposed by Firesmith [Fir04]. In this 
work, the criteria are just proposed without any empirical investigation. In 
contrast to that, Lehtola et al. [LKK04] [Leh06] indicate several criteria af-
fecting requirements priorities that were elicited during interviews with 
practitioners. However, the criteria are not described in detail in these 
studies. Berander [Ber07] also conducted a study in one company, where 
17 criteria for requirements selection were elicited in interviews. These cri-
teria are also rated regarding their importance. Most of the criteria from 
the previously mentioned publications were taken up and presented in a 
categorization by Brodie and Woodman [BW10], which includes around 
50 criteria and seems to be one of the largest requirements prioritization 
criteria collections found in the literature. However, once again the criteria 
are just listed and detailed descriptions are missing. Thus, it is not always 
clear what is actually meant by the different criteria. Another larger, but 
unstructured set of requirements prioritization criteria is described by 
Botta and Bahill [BB07]. In this work, 20 criteria are proposed that might 
be useful in establishing priorities. However, an empirical investigation is 
missing. 

In the work of Svensson et al. [SGR+11], a few criteria were identified that 
were used for prioritizing quality requirements during a study with eleven 
companies. Thakurta [Tha13] also describes and uses a set of 24 rather 
high-level business value dimensions adopted from Gammelgård et al. 
[GEG06] to prioritize quality requirements. 

A few criteria that are used in agile prioritization were investigated by Ra-
cheva et al. [RDS+10b], who performed several interviews with eleven 
practitioners from eight different companies. 

Benestad and Hannay [BH11] identified several factors that are taken into 
account during release planning by conducting interviews in three differ-
ent projects. They also present a categorization of these factors as well as 
an indication of the importance of the factors, the difficulty to assess these 
factors, and whether these factors can be assessed early or late during a 
project. Requirements selection factors in release planning models are also 
presented in the systematic literature review done by Svahnberg et al. 
[SGF+10]. Further descriptions of prioritization criteria for release planning 
can be found in the work of Ruhe [Ruh10]. 

To summarize, only a few publications explicitly deal with prioritization 
criteria. Many criteria can be found in the literature, but these are spread 
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over several publications and a consolidated view is missing. In part, de-
scriptions of the criteria are missing and only a small set of them has been 
thoroughly investigated in empirical studies (e.g., by investigating their 
importance for industrial experts in a certain domain). In the next section, 
the generic prioritization criteria model will be presented, which offers a 
consolidated view on all the criteria found during the systematic literature 
review. 

4.3 The Generic Prioritization Criteria Model 

The generic prioritization criteria model [RD15] consists of six major cate-
gories, which are further refined into different subcategories. The major 
categories are: (1) “Benefits”, (2) “Costs”, (3) “Risks”, (4) “Penalties & 
Penalty Avoidance”, (5) “Business Context”, and (6) “Technical Context 
& Requirements Characteristics”. The largest group is the benefits cate-
gory, containing 93 criteria, which represent 33% of all criteria contained 
in the model (see Figure 29). 

 

Figure 29.  Major Categories in the Generic Prioritization Criteria Model and the included Number of 
Criteria 

Figure 30 shows the Top Ten of the most frequently mentioned criteria in 
the literature. The number of mentions of these criteria (285) is around 
50% of the number of mentions of all other criteria (594). 

The most frequently mentioned criterion is “implementation effort” with 
54 occurrences. Three of the Top Ten criteria are from the “Benefits” cat-
egory (“business value”, “customer satisfaction”, and “stakeholder satis-
faction”); two criteria are from the “Costs” category (“implementation 
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effort” and “development effort”); four criteria are from the “Technical 
Context & Requirements Characteristics” category (“resource availabil-
ity”, “implementation dependencies”, “requirements dependencies”, 
and “staff competence”); and one criterion is from the “Risks” category 
(“requirements volatility”). An overview of the number of mentions of the 
top 10% criteria is presented in Appendix C. Around 60% of the criteria 
found in the literature are only mentioned once in all investigated publi-
cations and around 80% of the criteria are mentioned less than four times.  

 

Figure 30.  Top Ten Prioritization Criteria mentioned in the Literature 

In the next sections, the generic prioritization criteria model will be de-
scribed in greater detail. Section 4.3.1 describes the structure of the model 
and the basic terminology necessary to understand its structure. Section 
4.3.2 describes the different categories and subcategories of the model as 
well as some examples of the criteria included in them. 

4.3.1 Structure and Terminology 

During the creation of the generic prioritization criteria model it was rec-
ognized that in order to create a meaningful categorization, a common 
understanding of the basic terms is also necessary to describe the different 
categories and subcategories of the model. In the following, an overview 
of the most important terms used in the model and their conceptual rela-
tionships is given (see Figure 31). 
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Figure 31.  Terminology used in the Generic Prioritization Criteria Model 

Typically, the requirements are prioritized either by a software supplier or-
ganization (software development organization) or by a customer organi-
zation (receiver / beneficiary of the software system to be developed). 
Thus, both are also the main stakeholder groups of the generic prioritiza-
tion criteria model. The prioritized requirements serve as a basis for devel-
oping either a software product / system to be sold on the software mar-
ket or an (individual) software system for a certain customer organization. 
Whereas in the former case, the software supplier prioritizes the require-
ments based on market needs, in the latter the customer organization 
does so based on their operational business needs. The software product 
is implemented in development projects by development staff (e.g., devel-
opers, testers, user interface designers) of the software supplier. The soft-
ware product (either bought on the market or developed individually) is 
finally used by the end users in the customer organization in order to sup-
port the operational business of the organization. Organizations, and 
mainly particular roles such as user or developer, that are typically involved 
in or affected by the prioritization are summarized under the term stake-
holder. 

The model contains criteria that are useful in different requirements prior-
itization contexts. Thus, it is not customized for any specific point of view. 
Depending on the situation and the perspective of the decision maker (i.e., 
software supplier or customer organization), particular subcategories (and 
the included criteria) are more appropriate for concrete prioritization than 
others. An overview of the structure of the model is depicted in Figure 32. 
In order to provide guidance, some indicators to facilitate navigation in 
the model based on the prioritization perspective are included. As can be 
seen, the number of subcategories is not balanced between the different 
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major categories. The reason for is that the type and number of subcate-
gories depend on the criteria found in the literature. 

 

Figure 32.  The Structure of the Generic Prioritization Criteria Model 

In part, the criteria are also structured hierarchically, i.e., more specific 
criteria are subordinated under more generic criteria, if appropriate9. Fur-
thermore, the criteria themselves are described in detail in a tabular form; 
an example is shown in Table 12. 

  

                                                      
9 However, the subordinated criteria typically do not completely describe the superordinate criterion.  
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Criterion References Interpretation Exemplary Metric 
<Name of the crite-
rion> 
 
The name of the crite-
rion found in the litera-
ture. Might be slightly 
renamed to enhance 
understandability. 
Structure: 

Level 1 Criterion 
Level 2 Criterion 

Level 3… 
… 

Example: 
Implementation cost 
/ effort 

<List of references> 
 
The list of references 
(ID) where the crite-
rion was found. Orig-
inal criterion name 
might differ because 
of consolidation. 
Does not distinguish 
between primary and 
secondary sources. 
 
 
Example:  
[1] [2] [3] 

<Description of the 
criterion> 
 
Interpretation of the 
criterion. Might be 
referenced from the 
literature or created 
anew. 
 
 
 
 
 
Example:  
Costs of any kind 
(development, test-
ing, integration, etc.) 
that are incurred if 
the requirement is 
implemented. 

<Metric> 
 
Example metric that can be 
used to assess the criterion. 
“Qualitative” means that this 
criterion will not be measured 
quantitatively but rather as-
sessed qualitatively, e.g., by as-
signing imaginary units as in 
HCV (see section 3.3.2). Typi-
cally, quantitative criteria can 
also be assessed qualitatively. 
 
Example: 
E.g., effort in [person-days] 

Table 12.  Criterion Description Scheme of the Generic Prioritization Criteria Model 

4.3.2 Categories of Prioritization Criteria 

In the following, the different categories of the generic prioritization cri-
teria model will be presented briefly. As the generic prioritization criteria 
model is not the core focus of this thesis, the detailed description of each 
criterion according to the scheme in Table 12 is shown in Appendix C. 

4.3.2.1 Benefits 

In this category, 93 criteria (92 in the subcategories; one in the major cat-
egory) are included that express or are related to benefits that are realized 
if the respective requirement10 is implemented (see overview in Appendix 
C). The category is further divided into the following subcategories: 

Customer Benefits: contains four criteria that express or are related to 
benefits for a customer (e.g., “efficiency gains for customer, “com-
petitive gains for customer”). 

System-related Benefits: contains 16 criteria that express or are related 
to benefits with regard to a software system / product (e.g., “product 
quality”). 

                                                      
10 Although the term feature is sometimes used in the literature instead of the term requirement, no distinction 
is made in the model between these two terms. 
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Market-related Benefits: contains 17 criteria that express or are re-
lated to benefits with regard to the market to which a software prod-
uct is related (e.g., “customer loyalty”). 

Operational (Business) Performance Benefits: contains 34 criteria that 
express or are related to operational performance benefits with regard 
to the operational business of an organization (e.g., “cost saving”, 
“process efficiency”). 

(Business) Strategy-related Benefits: contains five criteria that express 
or are related to benefits for the (business) strategy (e.g., “contribu-
tion to business goals”, “long-term strategic value”). 

(Particular) Stakeholder Benefits: contains five criteria that express or 
are related to benefits for stakeholders in general (e.g., “stakeholder 
satisfaction”) or particular stakeholder groups, e.g., users of the soft-
ware product or system (e.g., “end user satisfaction”). 

Project-related Benefits: contains six criteria that express or are related 
to benefits for a software development project (e.g., “relevance to 
project success”, “contribution to overall release goal”). 

Financial Benefits: contains five criteria that express or are related to 
financial benefits (e.g., “ROI”, “NPV”). 

4.3.2.2 Costs 

In this category, 29 criteria are included that express or are related to costs 
that are incurred if the respective requirement is implemented (see over-
view in Appendix C). The category is divided into the following subcate-
gories: 

Generic Cost Types: contains ten criteria that express or are related to 
generic cost types (e.g., “life-cycle costs”, infrastructure”). 

Development Time related Costs: contains 14 criteria that express or 
are related to costs related to the development phase of a system or 
software product (e.g., “development cost”, “testing cost”). 

Post-Development Time related Costs: contains five criteria that ex-
press or are related to costs that are incurred after the development 
phase of a system or software product (e.g., “maintenance cost”, op-
erational costs”). 
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4.3.2.3 Risks 

In this category, 63 criteria (62 in the subcategories; one in the major cat-
egory) are included that express or are related to risks regarding the im-
plementation of a requirement (see overview in Appendix C). The category 
is divided into the following subcategories: 

Business-related Risks: contains 13 criteria that express or are related 
to risks with respect to the business (e.g., “loss of customers”, “sales 
barriers”). 

Technical & Implementation-related Risks: contains 28 criteria that ex-
press or are related to risks with respect to technology and implemen-
tation (e.g., “architecture conflict”, “implementation difficulty”). 

Stakeholder-related Risks: contains five criteria that express or are re-
lated to risks for and induced by stakeholders (e.g., “personnel risks”, 
“risks of acceptance”). 

Project-related Risks: contains eight criteria that express or are related 
to risks in a software development project (e.g., “overrun risk”, “over 
budget risk”). 

Requirements Status related Risks: contains eight criteria that express 
or are related to risks due to the changes and imprecision of a require-
ment (e.g., “market changes”, “changes from technical perspec-
tive”). 

4.3.2.4 Penalties & Penalty Avoidance 

In this category, 13 criteria (eleven in the subcategories; two in the major 
category) are included that express or are related to penalties that occur 
if the respective requirement is not implemented (e.g., “negative value”), 
as well as criteria that express or are related to penalty avoidance (e.g., 
“harm avoidance”) if the respective requirement is implemented (see 
overview in Appendix C). The category is divided into the following sub-
categories: 

Operational (Business) Performance related Penalties: contains two 
criteria that express or are related to penalties for the operational busi-
ness of an organization (e.g., “penalty in operation”). 

Product- & Market-related Penalties: contains two criteria that express 
or are related to penalties for a software product or with regard to 
the market to which the software product is related (e.g., “damage 
to product”). 
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Customer Penalties: contains two criteria that express or are related 
to penalties for customers (e.g., “customer dissatisfaction”). 

Financial Penalties: contains four criteria that express or are related to 
financial penalties (e.g., “contractual commitment”). 

Stakeholder Penalties: contains one criterion that expresses or is re-
lated to penalties for stakeholders (“stakeholder dissatisfaction”). 

4.3.2.5 Business Context 

In this category, eleven criteria are included that are related to the business 
context of a requirement (see overview in Appendix C). These criteria do 
not express any concrete benefit or loss that is realized when implement-
ing a requirement, but rather describe context factors that have a positive 
or negative influence on the requirement’s value. For example, if two re-
quirements are equally beneficial, a context factor may help to distinguish 
them and help to decide which one to prefer. An example of such a crite-
rion is “urgency”. Two requirements might have the same benefit, but 
one is more urgent than the other. Thus, the more urgent one is preferred. 
The category is divided into the following subcategories: 

External Context: contains four criteria that express or are related to 
the external context of an organization (e.g., “external dependen-
cies”, “customer demand”). 

Time & Schedule: contains two criteria that express or are related to 
business-relevant time & schedule contexts (“urgency”, “time to mar-
ket”). 

Utilization / Usage: contains two criteria that express or are related to 
the business usage context (e.g., “frequency of use”). 

Stakeholders: contains three criteria that express or are related to the 
stakeholder context (e.g., “originator of requirement”, “stakeholder 
agreement”). 

4.3.2.6 Technical Context & Requirements Characteristics 

In this category, 73 criteria are included that are related to or based on 
the technical context of a requirement (e.g., “architecture impact”), as 
well as particular requirements characteristics (e.g., “readiness for imple-
mentation”). Just like the business context criteria, these criteria do not 
express any concrete benefit or loss that is realized when implementing a 
requirement, but rather describe context factors that have a positive or 
negative influence on the decision in favor of or against a requirement. 
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An overview is shown in Appendix C. The category is divided into the fol-
lowing subcategories: 

Engineering Resources: contains 18 criteria that express or are related 
to engineering resources, i.e., basically human resources (e.g., “staff 
competence”, “resource availability”). 

Time & Schedule: contains four criteria that express or are related to 
implementation time and schedule (e.g., “development lead time”, 
“delivery date”). 

Utilization / Usage: contains four criteria that express technical usage 
requirements characteristics (e.g., “reuse potential”). 

Dependencies: contains 18 criteria that express or are related to de-
pendencies of and between requirements (e.g., “implementation de-
pendencies”, “cost dependencies”). 

Requirements Status & Qualities: contains eleven criteria that express 
or are related to the status of requirements and the (specification) 
quality of the requirements (e.g., “traceability”, “completeness”). 

Technology, Infrastructure & Architecture: contains 18 criteria that ex-
press or are related to the technological, infrastructural, and architec-
tural context of a requirement (e.g., “importance for product archi-
tecture”, “infrastructure criticality”). 

The generic prioritization criteria model is very comprehensive and not 
customized to the BPRE context. The model is thus a reference model to 
be consulted in order to identify prioritization criteria in arbitrary require-
ments prioritization processes. As the model is not specific for the BPRE 
domain, the next section introduces the BPRE prioritization criteria model, 
which is based on the generic prioritization criteria model.  

4.4 The BPRE Prioritization Criteria Model 

In this section, the customized prioritization criteria model (according to 
the customization procedure described in section 4.1) for the BPRE do-
main will be described. It is based on the generic prioritization criteria 
model and includes a subset of these criteria as well as some newly incor-
porated criteria for the BPRE domain. The literature sources from which 
additional criteria were integrated into the model can be found in Appen-
dix B. 
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4.4.1 Structure and Terminology 

The BPRE prioritization criteria model consists of four major categories: 
benefits, costs, risks, and context (see Figure 33). These categories incor-
porate 18 subcategories, which include a total of 65 prioritization criteria.  

 

Figure 33.  The Structure of the BPRE Prioritization Criteria Model 

Basically, the terminology from the generic prioritization criteria model is 
also valid for the BPRE prioritization criteria model (see Figure 34). How-
ever, the criteria and categories related only to software suppliers (see Fig-
ure 32) are not included anymore, as the purpose of the BPRE-specific 
model is not to support prioritization of a software product to be sold on 
the software market. The whole model is now customized for an organi-
zation whose business processes are to be supported by an information 
system. Thus, the purely software supplier oriented view is not reflected 
anymore in the model. However, a software supplier might still be in-
volved in the prioritization of the requirements, for example to prioritize 
them with regard to their implementation costs or risks. 
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Figure 34.  Terminology used in the BPRE Prioritization Criteria Model 

Besides that, in order to increase its practical value, the model incorporates 
the results of an expert survey to highlight the importance and the ease 
of assessment of each criterion from an industry expert’s viewpoint (see 
section 4.5 for a detailed description of the expert survey). The experts 
were asked to provide two values for each criterion, on a five-point rating 
scale: 

Importance of the criterion: “How important do you consider this cri-
terion to be in general for the prioritization of requirements in the 
context of business-process-based software development?” 

The following scale was used: 

      --       -       o      +     ++ 
    ☐     ☐     ☐     ☐     ☐ 

very unimportant (--), unimportant (-), neither important nor unimportant (o), im-
portant (+), very important (++) 

Ease of assessment of the criterion: “How easy would it be for you in 
general to assess or determine the criterion during prioritization (e.g., 
on an assessment scale)?” 

The following scale was used: 

      --       -       o      +     ++ 
    ☐     ☐     ☐     ☐     ☐ 

very difficult (--), difficult (-), neither easy nor difficult (o), easy (+), very easy (++) 

The scales that were used were transformed into numerical values ranging 
from -2 to +2. For example, an importance value of very unimportant (--) 
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was assigned the value -2, whereas an importance value of very important 
(++) was assigned the value +2.  

Thus, for each criterion two attributes are provided in the model that rep-
resent the average importance and the average ease of assessment of all 
expert ratings collected in the survey. This valuable information can be 
used to facilitate the selection of prioritization criteria in a concrete project 
setting (the selection procedure will be described in the prioritization pro-
cess in chapter 6). As in the generic prioritization criteria model, the crite-
ria themselves are described in detail in a tabular form; an example is 
shown in Table 13.  

Criterion Explanation Industry Expert Rating 
<Name of the crite-
rion> 
 
The name of the crite-
rion based on the name 
found in the literature. 
Might be renamed for 
the BPRE context. 
 
Example: 

Implementation cost 

<Description of the criterion and example metric> 
 
Description and example assessment metric of the 
criterion in the context of BPRE. “Qualitative” 
means that this criterion will not be measured 
quantitatively but rather assessed qualitatively, e.g., 
by assigning imaginary units as in HCV (see section 
3.3.2). Typically, quantitative criteria can also be as-
sessed qualitatively. 
 
Example:  
Costs for development and integration that are in-
curred if the requirement is implemented. 
 
Example metric: E.g., effort in [person-days] for the 
business process 
 

<Importance and ease of 
assessment rating from in-
dustry expert survey> 
 
Average rating of the cri-
terion with respect to im-
portance and ease of as-
sessment as a result of the 
industry expert survey. 
 
Example: 
Importance: +1.5 

 
Ease of assessment: +1.15 

 

Table 13.  Criterion Description Scheme of the BPRE Prioritization Criteria Model 

4.4.2 List of Prioritization Criteria 

In the following, the different categories of the BPRE prioritization criteria 
model will be presented. In addition, a textual description, example met-
rics than can be used to assess the criterion, as well as the experts’ im-
portance and ease-of-assessment rating of each criterion will be given. 

4.4.2.1 Benefits 

In this category, 24 criteria are included that express or are related to ben-
efits that are realized if the respective requirement is implemented. An 
overview of the criteria in the Benefits category is shown in Figure 35. 
Subcategories are written in bold. The Benefits category is further divided 
into the subcategories Stakeholder Benefits (Table 14), Financial Benefits 
(Table 15), Operational Quality Benefits (Table 16), and Strategy-related 
Benefits (Table 17). 

-2 -1 0 +1 +2

-2 -1 0 +1 +2
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Figure 35.  Overview of the Criteria in the Benefits Category (BPRE Prioritization Criteria Model) 

Subcategory: Stakeholder Benefits 
The subcategory Stakeholder Benefits contains criteria that express or are related to benefits for stakehold-
ers (e.g., “customer satisfaction”, “end user satisfaction”) that can be realized if the requirement is imple-
mented. 

 

Criterion Explanation Industry Expert Rating 
Customer satisfaction Benefit to the customer that can be realized if 

the requirement is implemented. The cus-
tomer is the receiver of the outcome of the 
scope of the assessment (e.g., the business 
process, the business activity, or the system 
function to be implemented).  
 
Example metric: qualitative 

Importance: +1.7

 
 
Ease of assessment: +0.85

 
End user satisfaction Benefit to the end users of the system that 

can be realized if the requirement is imple-
mented. 
 
Example metric: qualitative 

Importance: +1.65

 
 
Ease of assessment: +0.8

 
Reputation improvement Improvements in reputation that can be real-

ized if the requirement is implemented. 
 
Example metric: qualitative 

Importance: +0.7

 
 
Ease of assessment: -0.4

 

Table 14.  Criteria of the Subcategory Stakeholder Benefits 

 

 

Benefits

Stakeholder 
Benefits
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Benefits

Operational 
Quality Benefits

Strategy-
related Benefits

Customer Satisfaction

End User Satisfaction

Reputation Improvement

Cost Reduction

Revenue Generation

Information Quality Improvement

Portability Improvement

Reliability Improvement

Security Improvement

Complexity Reduction

Flexibility Improvement

Operational Risk Reduction
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Subcategory: Financial Benefits 
The subcategory Financial Benefits contains criteria that express or are related to financial benefits (e.g., 
“cost reduction”) that can be realized if the requirement is implemented. 

 

Criterion Explanation Industry Expert Rating 
Revenue generation The generation of revenue, e.g., the increase 

in financial income in terms of money that 
can be realized if the requirement is imple-
mented. 
 
Example metric: e.g., revenue generation of 
the business process in [€]; ROI in [percent]; 
NPV in [€]; qualitative 

Importance: +1.1

 
 
Ease of assessment: +0.35

 
Cost reduction Cost savings of any kind (e.g., employee cost 

savings, material cost savings) that can be re-
alized if the requirement is implemented.  
 
Example metric: e.g., cost savings in the busi-
ness activity in [€]; qualitative 

Importance: +1.35  

 
Ease of assessment: +0.5 

 

Table 15.  Criteria of the Subcategory Financial Benefits 

Subcategory: Operational Quality Benefits 
The subcategory Operational Quality Benefits contains criteria that express or are related to benefits with 
regard to the quality of the organization’s operations (e.g., “efficiency improvement”, “flexibility improve-
ment”) that can be realized if the requirement is implemented. 

 

Criterion Explanation Industry Expert Rating 
Efficiency / productivity 
improvement 

Improvements related to efficiency (i.e., doing 
as much as before with fewer resources) or 
productivity (i.e., doing more than before 
with the same resources) that can be realized 
if the requirement is implemented. 
 
Example metric: e.g., increase in number of 
output units per number of input units in the 
business process; qualitative 

Importance: +1.4 

 
 
Ease of assessment: +0.75 

 

Effectiveness improvement Improvements related to the effectiveness 
(i.e., ability to achieve stated goals or objec-
tives, judged in terms of both output and im-
pact, e.g., work support improvement, prob-
lem reduction, etc.) that can be realized if the 
requirement is implemented. 
 
Example metric: qualitative 

Importance: +1.25

 
 
Ease of assessment: +0.35

 
Scalability improvement Improvements related to scalability (i.e., the 

ability to handle a growing amount of work 
in a capable manner or the ability to be en-
larged to accommodate that growth) that can 
be realized if the requirement is implemented. 
 
Example metric: qualitative 

Importance: +1.15 

 
 
Ease of assessment: +0.6 
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Criterion Explanation Industry Expert Rating 
Output quality improve-
ment 

Improvements related to the quality of the 
output (e.g., a product or service of a busi-
ness process or business activity) that can be 
realized if the requirement is implemented. 
 
Exemplary metric: qualitative 

Importance: +1.45 

 
 
Ease of assessment: +0.5

 
Performance improvement Improvements related to the performance 

(e.g., speed, response time, throughput, re-
source utilization) that can be realized if the 
requirement is implemented. 
 
Example metric: e.g., reduction in lead time 
of the business process in [minutes]; increase 
in number of parallel processes; increase in 
number of processed units per time unit in 
the business activity; qualitative 

Importance: +1.3 

 
 
Ease of assessment: +0.7 

 

Operational risk reduction Reduction of the potential operational risk (to 
economic status, human life, health, or the 
environment) that can be realized if the re-
quirement is implemented. 
 
Example metric: e.g., risk reduction (probabil-
ity of occurrence of a given threat) x (poten-
tial adverse consequences of that threat's oc-
currence) in the business process; qualitative 

Importance: +1.15 

 
 
Ease of assessment: -0.3 

 

Flexibility improvement Improvements related to the flexibility (ability 
to adapt to changing environmental condi-
tions or requirements and the degree of ef-
fectiveness and efficiency with which modifi-
cations can be done) that can be realized if 
the requirement is implemented. 
 
Example metric: qualitative 

Importance: +1.1 

 
 
Ease of assessment: 0 

 
Complexity reduction Reductions in complexity (e.g., variability re-

duction, diversity reduction, simplicity im-
provement) that can be realized if the require-
ment is implemented. 
 
Example metric: qualitative 

Importance: +0.9 

 
 
Ease of assessment: +0.05

 
Security improvement Improvements related to the security (ability 

to protect information and data so that per-
sons or systems have the degree of data ac-
cess appropriate to their types and levels of 
authorization) that can be realized if the re-
quirement is implemented. 
 
Example metric: qualitative 

Importance: +1.05 

 
 
Ease of assessment: +0.7 

 
Reliability improvement Improvements related to the reliability (ability 

to perform specified tasks and functions un-
der specified conditions for a specified period 
of time) that can be realized if the require-
ment is implemented. 
 
Example metric: qualitative 

Importance: +1.3 

 
 
Ease of assessment: +0.95 
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Criterion Explanation Industry Expert Rating 
Portability improvement Improvements related to the portability (de-

gree of effectiveness and efficiency with 
which transformations from one operational 
or usage environment to another can be 
done) that can be realized if the requirement 
is implemented. 
 
Example metric: qualitative 

Importance: +0.5 

 
 
Ease of assessment: +0.3 

 
Information quality im-
provement 

Improvements related to the information 
quality (e.g., availability, completeness, accu-
racy, timeliness, transparency, etc.) that can 
be realized if the requirement is implemented. 
 
Example metric: qualitative 

Importance: +1.3 

 
 
Ease of assessment: +0.65 

 
Compliance improvement Improvements related to compliance (i.e. the 

adherence to standards, conventions or regu-
lations, for example for improving auditability) 
that can be realized if the requirement is im-
plemented. 
 
Example metric: qualitative 

Importance: +1.2 

 
 
Ease of assessment: +0.8 

 

Table 16.  Criteria of the Subcategory Operational Quality Benefits 

Subcategory: Strategy-related Benefits 
The subcategory Strategy-related Benefits contains criteria that express or are related to (business) strat-
egy benefits (e.g., “strategic goal achievement”, “competitive opportunities”) that can be realized if the re-
quirement is implemented. 

 

Criterion Explanation Industry Expert Rating 
Innovativeness improve-
ment 

Improvements related to the ability to realize 
innovations if the requirement is imple-
mented.  
 
Example metric: qualitative 

Importance: +0.65 

 
 
Ease of assessment: -0.45

 
Market trend alignment The importance of the requirement to keep 

up with market technology trends. 
 
Example metric: qualitative 

Importance: +0.65 

 
 
Ease of assessment: -0.35

 
Strategic goal achieve-
ment 

The importance of the requirement for the 
achievement of strategic goals (e.g., vision or 
mission, product strategies, etc.). 
 
Example metric: qualitative 

Importance: +1 

 
 
Ease of assessment: +0.2
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Criterion Explanation Industry Expert Rating 
Sustainability improve-
ment 

Improvements related to sustainability, i.e. fu-
ture readiness, that can be realized if the re-
quirement is implemented. 
 
Example metric: qualitative 

Importance: +0.6 

 
 
Ease of assessment: -0.05

 
Competitive opportunities Competitive opportunities that can be ex-

ploited if the requirement is implemented. 
 
Example metric: qualitative 

Importance: +0.85 

 
 
Ease of assessment: -0.1

 
Business relations im-
provement 

Improvements in the business relationships 
(e.g., customers, suppliers, partners, competi-
tors, other third parties) that can be realized if 
the requirement is implemented. 
 
Example metric: qualitative 

Importance: +1.35

 
 
Ease of assessment: +0.65

 

Table 17.  Criteria of the Subcategory Strategy-related Benefits 

4.4.2.2 Costs 

In this category, ten criteria are included that express or are related to 
costs that are incurred during and after the implementation of the require-
ment. An overview of the criteria in the Costs category is shown in Figure 
36. Subcategories are written in bold. The Costs category is further divided 
into the subcategories Costs for Realization (Table 18) and Costs for Op-
eration (Table 19). 

 

Figure 36.  Overview of the Criteria in the Costs Category (BPRE Prioritization Criteria Model) 
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Subcategory: Costs for Realization 
The subcategory Costs for Realization contains criteria that express or are related to costs related to the 
realization phase of the requirement (e.g., “implementation cost”, “testing cost”). 

 

Criterion Explanation Industry Expert Rating 
Implementation costs Costs for development and integration that 

are incurred if the requirement is imple-
mented. 
 
Example metric: e.g., effort in [person-days] 
for the business process; qualitative 

Importance: +1.5 

 
 
Ease of assessment: +1.15

 
Documentation costs Costs that are incurred during (implementa-

tion) documentation of the requirement. 
 
Example metric: e.g., effort in [person-days] 
for the system function; qualitative 

Importance: +0.55 

 
 
Ease of assessment: +1.15

 
Testing costs Costs that are incurred during testing (e.g., 

integration testing, user acceptance testing) 
of the requirement. 
 
Example metric: e.g., effort in [person-days] 
for the business activity; qualitative 

Importance: +1.15 

 
 
Ease of assessment: +0.9

 
Deployment costs Costs that are incurred for the deployment 

(e.g., release, installation, activating) of the 
requirement. 
 
Example metric: e.g., effort in [person-days] 
for the business process; qualitative 

Importance: +0.85

 
 
 
Ease of assessment: +1.2

 
Analysis costs Costs that are incurred for the analysis, i.e., 

elicitation and understanding, of the require-
ment. 
 
Example metric: e.g., effort in [person-days] 
for the business process; qualitative 

Importance: +1.3

 
 
 
Ease of assessment: +0.7

 

Table 18.  Criteria of the Subcategory Costs for Realization 
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Subcategory: Costs for Operation 
The subcategory Costs for Operation contains criteria that express or are related to costs during the opera-
tion phase of a system or software product (e.g., “maintenance cost”, “support cost”) if the requirement is 
implemented. 

 

Criterion Explanation Industry Expert Rating 
Maintenance costs Costs that are incurred for maintenance (e.g., 

modifications, corrections, adaptions, etc.) af-
ter the implementation of the requirement. 
 
Example metric: e.g., costs in [€] for the sys-
tem function; qualitative 

Importance: +1.25 

 
 
Ease of assessment: +0.9

 
Execution costs Costs that are incurred for the execution 

(e.g., personnel costs) after the implementa-
tion of the requirement. 
 
Example metric: e.g., costs in [€] for the sys-
tem function; qualitative 

Importance: +1.05 

 
 
Ease of assessment: +0.95

 
Infrastructure costs Costs that are incurred for the infrastructure 

(e.g., hardware, software) after the imple-
mentation of the requirement. 
 
Example metric: e.g., costs in [€] for the busi-
ness process; qualitative 

Importance: +0.7 

 
 
Ease of assessment: +1.35

 
Training costs Costs that are incurred for the training (e.g., 

of business end users or IT staff) after the im-
plementation of the requirement. 
 
Example metric: e.g., costs in [€] for the busi-
ness activity; qualitative 

Importance: +1.15 

 
 
Ease of assessment: +1.25

 
Support costs Costs for support (e.g., technical support) 

that are incurred after the implementation of 
the requirement. 
 
Example metric: e.g., costs in [€] for the busi-
ness process; qualitative 

Importance: +1.05

 
 
Ease of assessment: +0.8

 

Table 19.  Criteria of the Subcategory Costs for Operation 

4.4.2.3 Risks 

In this category, 17 criteria are included that express or are related to risks 
during and after the implementation of the requirement, as well as pen-
alties that are incurred if the respective requirement is not implemented 
(e.g., “financial damage”). An overview of the criteria in the Risks cate-
gory is shown in Figure 37. Subcategories are written in bold. The Risks 
category is further divided into the subcategories Difficulty of Realization 
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(Table 20), Requirements Risks during Realization (Table 21), Stakeholder 
Risks during Realization (Table 22), Economic Risks during Realization (Ta-
ble 23), Penalties (if not realized) (Table 24), and Risks after Realization 
(Table 25). In order to avoid confusion between the criteria contained in 
Penalties and those in Risks after Realization, the penalty criteria are de-
noted with “(P)”. 

 

Figure 37.  Overview of the Criteria in the Risks Category (BPRE Prioritization Criteria Model) 

Subcategory: Difficulty of Realization 
The subcategory Difficulty of Realization contains criteria that express or are related to difficulties during 
realization (e.g., “technical risks”) of the requirement. 

 

Criterion Explanation Industry Expert Rating 
Technical risks Technical risks during implementation of the 

requirement, i.e., the implementation of the 
requirement is technically more difficult than 
expected (e.g., conflicts with existing architec-
ture, unavailability of data, usage of new tech-
nology, etc.). 
 
Example metric: qualitative 

Importance: +1

 
 
Ease of assessment: -0.3 

 
Legal risks Legal risks during implementation of the re-

quirement, i.e., the implementation of the re-
quirement is legally more difficult than ex-
pected (e.g., authorization problems, licensing 
problems, etc.). 
 
Example metric: qualitative 

Importance: +0.6 

 
 
Ease of assessment: +0.1 

 
Organizational risks Organizational risks during implementation of 

the requirement, i.e., the implementation of 
the requirement is organizationally more diffi-
cult than expected (e.g., resources are not 
available, scheduling constraints, etc.).
 
Example metric: qualitative 

Importance: +0.85 

 
 
Ease of assessment: -0.45

Table 20.  Criteria of the Subcategory Difficulty of Realization 

Risks

Difficulty of Realization
Penalties 

(if not realized)

Risks after 
Realization

Requirements Risks 
during Realization

Technical Risks

Legal Risks Operational Quality Damage (P)

Stakeholder Damage (P)

Requirements Volatility Risks

Requirements Dependency Risks

Economic Risks during 
Realization

Stakeholder Risks 
during Realization

External Acceptance Loss

Internal Motivational Loss

Over Budget Risks

Overrun Risks

Organizational Risks

Strategic Damage (P)

Financial Damage (P)

Operational Quality Damage

Stakeholder Damage

Strategic Damage

Financial Damage
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Subcategory: Requirements Risks during Realization 
The subcategory Requirements Risks during Realization contains criteria that express or are related to 
risks due to the changes and dependencies of a requirement during realization. 

 

Criterion Explanation Industry Expert Rating 
Requirements volatility 
risks 

Risks due to volatility (e.g., due to changes 
from business perspective, changes from tech-
nical perspective, market changes, legislative 
changes, changing users) during realization of 
the requirement. 
 
Example metric: qualitative 

Importance: +1 

 
 
Ease of assessment: -0.4 

 
Requirements dependency 
risks 

Risks due to dependencies of the requirement 
(resulting in limited flexibility, for example). 
 
Example metric: qualitative 

Importance: +0.8 

 
 
Ease of assessment: -0.4

 

Table 21.  Criteria of the Subcategory Requirements Risks during Realization 

Subcategory: Stakeholder Risks during Realization 
The subcategory Stakeholder Risks during Realization contains criteria that express or are related to risks 
induced by stakeholders (e.g., “Internal motivational loss”) during realization of the requirement. 

 

Criterion Explanation Industry Expert Rating 
Internal motivational loss Risks due to organization-internal motivational 

loss (risk of obstruction) during realization of 
the requirement. 
 
Example metric: qualitative 

Importance: +0.3

 
 
Ease of assessment: -0.25

 
External acceptance loss Risks due to external acceptance loss (reputa-

tional loss) during realization of the require-
ment. 
 
Example metric: qualitative 

Importance: +0.25

 
 
Ease of assessment: -0.5

 

Table 22.  Criteria of the Subcategory Stakeholder Risks during Realization 
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Subcategory: Economic Risks during Realization 
The subcategory Economic Risks during Realization contains criteria that express or are related to eco-
nomic project risks during realization of the requirement (e.g., “overrun risks”). 

 

Criterion Explanation Industry Expert Rating 
Overrun risks Risks due to time overrun of the project (e.g., 

postponement of the release, schedule prob-
lems) during realization of the requirement. 
 
Example metric: time in [days] for the business 
process; qualitative 

Importance: +1

 
 
Ease of assessment: +0.9

 
Over budget risks Risks due to budget overrun of the project 

during realization of the requirement. 
 
Example metric: budget overrun in [€] for the 
system function; qualitative 

Importance: +1.2 

 
 
Ease of assessment: +0.95

 

Table 23.  Criteria of the Subcategory Economic Risks during Realization 

 

Subcategory: Penalties (if not realized) 
The subcategory Penalties contains criteria that express or are related to penalties that occur if the respec-
tive requirement is not implemented (e.g., “financial damage”). 

 

Criterion Explanation Industry Expert Rating 
Operational quality dam-
age (P) 

Damage related to the quality of the opera-
tions (e.g., loss of effectiveness) if the require-
ment is not realized. 
 
Example metric: penalty in [€] for the business 
process; qualitative 

Importance: +0.95

 
 
Ease of assessment: +0.3

 
Stakeholder damage (P) Damage related to stakeholders (e.g., dissatis-

faction of users) if the requirement is not real-
ized. 
 
Example metric: penalty in [€] for the system 
function; qualitative 

Importance: +1.05

 
 
Ease of assessment: +0.15

 
Strategic damage (P) Damage related to the strategy (e.g., worsen-

ing of business relations) if the requirement is 
not realized. 
 
Example metric: penalty in [€] for the business 
process; qualitative 

Importance: +0.75

 
 
Ease of assessment: -0.25
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Criterion Explanation Industry Expert Rating 
Financial damage (P) Damage related to finances (e.g., missed 

sales, breach of contract payments, legal reg-
ulation penalties, etc.) if the requirement is 
not realized. 
 
Example metric: penalty in [€] for the business 
process; qualitative 

Importance: +1.4

 
 
Ease of assessment: +0.25

 

Table 24.  Criteria of the Subcategory Penalties (if not realized) 

Subcategory: Risks after Realization 
The subcategory Risks after Realization contains criteria that express or are related to risks that occur after 
the respective requirement is implemented (e.g., “financial damage”). 

 

Criterion Explanation Industry Expert Rating 
Operational quality dam-
age 

Damage related to the quality of the opera-
tions (e.g., loss of effectiveness) if the require-
ment is realized. 
 
Example metric: penalty in [€] for the business 
process; qualitative 

Importance: +1.15

 
 
Ease of assessment: +0.3

 
Stakeholder damage Damage related to stakeholders (e.g., dissatis-

faction of users) if the requirement is realized. 
 
Example metric: penalty in [€] for the system 
function; qualitative 

Importance: +0.95

 
 
Ease of assessment: +0.25

 
Strategic damage Damage related to the strategy (e.g., worsen-

ing of business relations) if the requirement is 
realized. 
 
Example metric: penalty in [€] for the business 
process; qualitative 

Importance: +0.7

 
 
Ease of assessment: -0.25

 
Financial damage Damage related to finances (e.g., missed 

sales, breach of contract payments, legal reg-
ulation penalties, etc.) if the requirement is re-
alized. 
 
Example metric: penalty in [€] for the business 
process; qualitative 

Importance: +1.15

 
 
Ease of assessment: +0.35

 

Table 25.  Criteria of the Subcategory Risks after Realization 

4.4.2.4 Context 

In this category, 14 criteria are included that are related to the context of 
a requirement. These criteria do not express any concrete benefit or loss 
that is realized when implementing a requirement, but rather describe 
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context factors that have a positive or negative influence on the require-
ment’s value. For example, if two requirements are equally beneficial, a 
context factor may help to distinguish between them and to decide on 
which one to prefer. An example of such a criterion is “urgency”. Two 
requirements might have the same benefit, but one is more urgent than 
the other. Thus, the more urgent one is preferred. An overview of the 
criteria in the Context category is shown in Figure 38. Subcategories are 
written in bold. The Context category is further divided into the subcate-
gories Environmental Conditions (Table 26), Stakeholders (Table 27), Time 
& Utilization (Table 28), Changes & Impact (Table 29), Requirements (Table 
30), and Engineering (Table 31). 

 

Figure 38.  Overview of the Criteria in the Context Category (BPRE Prioritization Criteria Model) 

Subcategory: Environmental Conditions 
The subcategory Environmental Conditions contains criteria that express or are related to the environmen-
tal context of the requirement (e.g., “governmental demand”). 

 

Criterion Explanation Industry Expert Rating 
Support & sponsorship Support and sponsorship (e.g., political, exec-

utive, managerial, etc.) for the implementa-
tion of the requirement. 
 
Example metric: qualitative 

Importance: +1.2

 
 
Ease of assessment: +0.3

 
Governmental demand Governmental demand (or political relevance) 

on the requirement. 
 
Example metric: qualitative 

Importance: +0.45

 
 
Ease of assessment: +0.05

 

Table 26.  Criteria of the Subcategory Environmental Conditions 

  

Context

Environmental 
Conditions

Requirements

Engineering

Stakeholders

Support & Sponsorship

Governmental Demand

Reuse Potential (of Solution)

Requirements Dependencies

Resource Availability

Motivation of the Team

Staff Competence

Originator Priority

Stakeholder Agreement

Changes & 
Impact

Time & 
Utilization

Urgency

Frequency of Use

Readiness for Improvement

Need for Change

Impact
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Subcategory: Stakeholders 
The subcategory Stakeholders contains criteria that express or are related to the stakeholder context of the 
requirement (e.g., “stakeholder agreement”). 

 

Criterion Explanation Industry Expert Rating 
Originator priority The importance of the originator of the re-

quirement (requirement’s source). 
 
Example metric: qualitative 

Importance: +1.15

 
 
Ease of assessment: +0.5

 
Stakeholder agreement The degree of stakeholder agreement on the 

requirement’s importance. 
 
Example metric: qualitative 

Importance: +1.45 

 
 
Ease of assessment: +0.65

 

Table 27.  Criteria of the Subcategory Stakeholders 

Subcategory: Time & Utilization 
The subcategory Time & Utilization contains criteria that express or are related to the usage context of the 
requirement (e.g., “frequency of use”). 

 

Criterion Explanation Industry Expert Rating 
Frequency of use The frequency of use of the (object described 

by the) requirement. 
 
Example metric: 1 / time unit for the business 
activity; qualitative 

Importance: +0.95

 
 
Ease of assessment: +1.2

 
Urgency The urgency to implement the requirement 

(e.g., caused by needs of the customer). 
 
Example metric: time in [days] for the system 
function; qualitative 

Importance: +1.55

 
 
Ease of assessment: +1.15

 

Table 28.  Criteria of the Subcategory Time & Utilization 
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Subcategory: Changes & Impact 
The subcategory Changes & Impact contains criteria that express or are related to the change and impact 
context of the requirement (e.g., “need for change”). 

 

Criterion Explanation Industry Expert Rating 
Need for change The need for change (e.g., improvement 

need) of the (object described by the) require-
ment. 
 
Example metric: qualitative 

Importance: +1

 
 
Ease of assessment: +0.15

 
Readiness for improve-
ment 

The readiness for improvement of the (object 
described by the) requirement (e.g., fit to the 
users’ skills). 
 
Example metric: qualitative 

Importance: +0.85

 
 
Ease of assessment: -0.05

 
Impact The strength of the impact of the requirement 

on the organization´s operations. 
 
Example metric: qualitative 

Importance: +1.1

 
 
Ease of assessment: -0.05

 

Table 29.  Criteria of the Subcategory Changes & Impact 

Subcategory: Requirements 
The subcategory Requirements contains criteria that express or are related to the reuse potential and de-
pendencies of a requirement. 

 

Criterion Explanation Industry Expert Rating 
Reuse potential (of solu-
tion) 

Reuse potential of the solution if the require-
ment is implemented. 
 
Example metric: number of reuse possibilities 
of the solution for the business activity; quali-
tative 

Importance: +1.3

 
 
Ease of assessment: +0.5

 
Requirements dependen-
cies 

The importance of the requirement due to de-
pendencies on other requirements or other 
artifacts (e.g., preference order, implementa-
tion dependencies, sequencing). 
 
Example metric: number of dependencies of 
the system function; qualitative 

Importance: +0.9

 
 
Ease of assessment: +0.25

 

Table 30.  Criteria of the Subcategory Requirements 

 

 

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2
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Subcategory: Engineering 
The subcategory Engineering contains criteria that express or are related to the engineering context of the 
requirement (e.g., “resource availability”). 

 

Criterion Explanation Industry Expert Rating 
Staff competence Competence of the software development 

staff (e.g., development skills) for implement-
ing the requirement. 
 
Example metric: qualitative 

Importance: +1.4

 
 
Ease of assessment: +0.5

 
Motivation of the team Motivation of the team that is responsible for 

implementing the requirement. 
 
Example metric: qualitative 

Importance: +1.3

 
 
Ease of assessment: +0.15

 
Resource availability Availability and capacity of (human) resources 

to implement the requirement. 
 
Example metric: number of available human 
resources for the business process; qualitative 

Importance: +1.5

 
 
Ease of assessment: +0.85

 

Table 31.  Criteria of the Subcategory Engineering 

4.5 Evaluation: Industry Expert Survey 

In this section, the industry expert survey will be described that was per-
formed in order to  

1) get an industry experts’ viewpoint on each criterion included in the 
model with respect to importance and ease of assessment (one result 
of this study, i.e., the ratings, was already presented in the criteria 
descriptions in section 4.4), 

2) evaluate the general benefit of the BPRE prioritization criteria model 
related to the first hypothesis MH1 of this thesis (see Table 32). 

 

 

 

 

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2

-2 -1 0 +1 +2
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Thesis Hypotheses 
MH1. Prioritization Effectiveness & Efficiency 
The usage of the prioritization approach in BPRE will result in more effective and efficient 
prioritization compared to the state of the art. 
MH2. Valuable Elicitation (Elicitation Efficiency) 
The usage of the prioritization approach in BPRE will result in higher requirements elicita-
tion efficiency (i.e., elicitation of requirements in a more valuable order) compared to 
state-of-the-art elicitation orders. 

Table 32.  Main Hypotheses of the Thesis 

4.5.1 Goals, Questions, Hypotheses and Metrics 

The GQM approach [BCR94] was used as a basis for defining the meas-
urements in the survey. Two evaluation goals were pursued in this study, 
which are presented in the following. 

4.5.1.1 Expert Assessment of the Criteria of the BPRE Prioritization Criteria 
 Model 

The first evaluation goal of the study was to get an assessment from in-
dustry domain experts of each prioritization criterion contained in the 
BPRE prioritization criteria model. As in [BH11], the criteria were to be 
assessed regarding their importance and ease of assessment. The purpose 
of this expert assessment was two-fold: on the one hand, it indicates the 
general suitability of the prioritization criteria for the BPRE domain accord-
ing to the viewpoint of domain experts. On the other hand, the results are 
a valuable means for use in the actual BPRE prioritization process (see 
chapter 6) as they support the selection of appropriate prioritization crite-
ria for a project. For example, criteria that are rated as important and easy 
to assess from the viewpoint of many experts may be valuable criteria to 
be integrated into a prioritization process for a concrete project. 

Thus, the first evaluation goal was:  

G1. Analyze the criteria in the BPRE prioritization criteria model for the 
purpose of evaluation with respect to importance and ease of assessment 
from the viewpoint of an industry expert in the context of an expert sur-
vey. 

The following research questions were to be answered: 

RQ1.1: How important are the criteria provided in the BPRE prioritiza-
tion criteria model based on an expert’s industry experience? 

RQ1.2: How easy is it to assess the criteria provided in the BPRE prior-
itization criteria model based on an expert’s industry experience? 
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4.5.1.2 Evaluation of the Benefits of the BPRE Prioritization Criteria Model 

The second evaluation goal of the study was to evaluate the first main 
hypothesis MH1 stated in section 1.3: 

MH1. Prioritization Effectiveness & Efficiency 
 
The usage of the prioritization approach in BPRE will result in more effective 
and efficient prioritization compared to the state of the art. 
 
Regarding effectiveness and efficiency, it is expected that the prioritization cri-
teria will  be suitable for the BPRE context and that the usage of the BPRE pri-
oritization criteria model will positively influence the following quality aspects: 
prioritization criteria awareness (e.g., awareness of suitable prioritization crite-
ria), project risk reduction (e.g., making better decisions during prioritization in 
terms of accuracy), and project effort reduction (e.g., reducing the effort for 
prioritization using project-specific criteria). 

From MH1, the more fine-grained hypotheses were: 

MH1.1: The prioritization criteria are suitable for the BPRE context 
(addresses effectiveness of prioritization). 

MH1.2: The BPRE prioritization criteria model positively influences the 
quality aspect prioritization criteria awareness (addresses effectiveness 
of prioritization). 

MH1.3: The BPRE prioritization criteria model positively influences the 
quality aspect project risk reduction (addresses effectiveness of prior-
itization). 

MH1.4: The BPRE prioritization criteria model positively influences the 
quality aspect project effort reduction (addresses efficiency of prioriti-
zation). 

Thus, the second evaluation goal of the survey was: 

G2. Analyze the BPRE prioritization criteria model for the purpose of eval-
uation with respect to (1) suitability for the BPRE context, (2) increase in 
prioritization criteria awareness, (3) project risk reduction, and (4) project 
effort reduction from the viewpoint of an industry expert in the context 
of an expert survey. 

For goal G2, the following questions were to be answered: 

Concerning suitability for the BPRE context: 

RQ2.1: Are the criteria of the BPRE prioritization criteria model well 
suited for the given context?  
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RQ2.2: Are the criteria of the BPRE prioritization criteria model easy 
to assess? 

RQ2.3: Is the degree of detail of the BPRE prioritization criteria model 
well suited for the given context? 

RQ2.4: Is the size (i.e., number of criteria) of the BPRE prioritization 
criteria model well suited for the given context? 

RQ2.5: Is the BPRE prioritization criteria model structured well? 

RQ2.6: Are the criteria of the BPRE prioritization criteria model de-
scribed sufficiently? 

Concerning increase in prioritization criteria awareness: 

RQ2.7: Does the BPRE prioritization criteria model raise awareness for 
possible prioritization criteria? 

RQ2.8: Does the BPRE prioritization criteria model facilitate the gen-
eration of one’s own ideas regarding new criteria that are not in-
cluded in the model? 

Concerning project risk reduction: 

RQ2.9: Does the BPRE prioritization criteria model help not to forget 
or overlook important prioritization criteria? 

RQ2.10: Does the BPRE prioritization criteria model reduce the risk of 
choosing inappropriate prioritization criteria? 

RQ2.11: Do the criteria of the BPRE prioritization criteria model help 
to improve decision-making during prioritization (e.g., in terms of ac-
curacy)? 

Concerning project effort reduction: 

RQ2.12: Does the BPRE prioritization criteria model reduce the effort 
for selecting appropriate prioritization criteria? 

RQ2.13: Does the BPRE prioritization criteria model reduce the effort 
for the generation of one’s own ideas regarding new criteria that are 
not included in the model? 

RQ2.14: Does the BPRE prioritization criteria model reduce the effort 
required to perform prioritization using project-specific criteria? 



 A Prioritization Criteria Model for BPRE 

  119 

These questions were directly transformed into questionnaire items to be 
assessed on a five-point rating scale (see section 4.5.2.2) for the survey 
(see questionnaire in Appendix E). Because of this, for all questions RQ2.1 
- RQ2.14 the relevant metric is the mean, respectively the median, of the 
questionnaire item assessments of all survey participants. 

4.5.2 Study Design and Setup 

The expert survey was designed and prepared based upon the study goals 
and the hypotheses. In the following, the details of the survey will be de-
scribed. 

4.5.2.1 Participants 

The participants in the survey (see Table 33) were industry experts from 
small and medium-sized as well as large organizations (mainly business 
process management solution providers) working in the domain of busi-
ness-process-driven software development (BPDSD).  

Participant Organization Years in BPDSD Experience Prioritization Experience RE 
P1 1 3 Advanced Expert 
P2 2 12 Advanced Expert 
P3 3 8 Basic Advanced 
P4 3 10 Advanced Advanced 
P5 3 15 Basic Advanced 
P6 4 19 Expert Expert 
P7 5 5 Advanced Advanced 
P8 6 15 Advanced Expert 
P9 7 16 Expert Expert 

P10 8 20 Advanced Expert 
P11 9 15 Advanced Expert 
P12 10 2.5 Advanced Expert 
P13 11 25 Advanced Expert 
P14 12 4 Advanced Advanced 
P15 13 18 Basic Expert 
P16 14 8 Advanced Advanced 
P17 15 4 Basic Expert 
P18 16 N/A N/A N/A 
P19 17 4 Advanced Advanced 
P20 18 1 Basic Advanced 

 

 

Mean: 10.76 
SD: 7.08 

Basic: 5 
Advanced: 12 
Expert: 2 
N/A: 1 
Mode: Advanced 

Basic: 0 
Advanced: 8 
Expert: 11 
N/A: 1 
Mode: Expert 

Table 33.  Participants in the Industry Expert Survey 

The participants were selected based on available industry contacts of 
Fraunhofer IESE in the respective domain. They were invited personally via 
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email and participated in the survey voluntarily. As an incentive, the par-
ticipants could get the full report of the generic prioritization criteria 
model [Rie14] in return for sending back the completed questionnaire. 30 
persons from 22 organizations were asked to participate in the survey and 
20 persons from 18 organizations eventually returned the questionnaire 
within the survey time frame (i.e., the response rate was 67%). The par-
ticipants were highly experienced in their field. On average, they had 
worked for more than ten years (standard deviation: 7.1) in the domain 
of business-process-driven software development and most of them were 
advanced users of prioritization techniques (sporadic use in practical work) 
and experts in requirements engineering, especially regarding elicitation 
and analysis (regular use in practical work). The role of the participants in 
their organizations included CEOs, CTOs, consultants, analysts, solution 
architects, product managers, as well as developers11. 

4.5.2.2 Design, Procedure and Data Collection 

The survey was designed as an offline survey consisting of an introductory 
document and three questionnaires (see Appendix D - F) and was per-
formed between November and December 2014 within a two-week 
timeframe. The questionnaires were designed as Microsoft Word docu-
ments with form fields that could be directly completed in Microsoft 
Word. The invitation as well as the documents were sent to the partici-
pants via a personalized email. The participants were asked to return the 
questionnaire via email, either as a completed Microsoft Word document 
or as a scanned PDF printout. The participants who had not responded 
after one week were reminded once again via email to participate in the 
survey. 

In the introductory document, the context and purpose of the survey as 
well as the procedure were explained.  

In the first questionnaire (which relates to G1, i.e. RQ1.1 and RQ1.2), the 
BPRE prioritization criteria model including its categories and detailed cri-
teria descriptions was presented (see Appendix D). As already described in 
section 4.4, the experts were asked to provide two values for each crite-
rion (and each subcategory12) on a five-point rating scale: 

Importance of the criterion: “How important do you consider this cri-
terion to be in general for the prioritization of requirements in the 
context of business-process-based software development?” 

                                                      
11 As this information was not officially asked for in the questionnaire, no mapping to the participants is pre-
sented in order to ensure anonymity. 
12 The rating of the subcategories was only used for cross-checking purposes during analysis, see section 
4.5.3.1. 
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The following scale was used: 

      --       -       o      +     ++ 
    ☐     ☐     ☐     ☐     ☐ 

very unimportant (--), unimportant (-), neither important nor unimportant (o), im-
portant (+), very important (++) 

Ease of assessment of the criterion: “How easy would it be for you in 
general to assess or determine the criterion during prioritization (e.g., 
on an assessment scale)?” 

The following scale was used: 

      --       -       o      +     ++ 
    ☐     ☐     ☐     ☐     ☐ 

very difficult (--), difficult (-), neither easy nor difficult (o), easy (+), very easy (++) 

The five-point rating was to be performed based on their general past 
industry experience and not for any particular project. Thus, the experts 
had to answer two questions for each of the 18 categories and 65 criteria 
(see example in Table 34). Furthermore, the participants were asked in an 
open question to name missing important criteria (without rating) accord-
ing to their point of view. 

 

Table 34.  Example Questionnaire Item 

In the second questionnaire (which relates to G2, i.e. RQ2.1-RQ2.14), the 
potential benefits and possible drawbacks of the BPRE prioritization crite-
ria model were to be assessed (see Appendix E). The questionnaire con-
sisted of 14 statements phrasing the questions from RQ2.1-RQ2.14, which 
were to be rated by the experts on a 5-point rating scale from completely 
disagree (--) to completely agree (++). The participants were also asked to 
provide qualitative feedback at the end of the questionnaire. 

The third questionnaire (see Appendix F) was used to gather information 
about the participants’ personal background, such as work experience in 
business-process driven software development in years, as well as their 
experience with prioritization and requirements elicitation as presented in 
Table 33. 

Criterion Explanation Rating 
Customer satisfaction Benefit to the customer that can be realized, if the requirement is 

implemented. The customer is the receiver of the outcome of the scope of 
the assessment (e.g., the business process, the business activity or the 
system function to be implemented).  
 
Exemplary metric: Qualitative 

Importance: 
 --       -        o       +      ++ 

                     
 
Ease of assessment: 
 --       -        o       +      ++ 
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Thus, across all questionnaires, the participants had to answer 183 ques-
tions in total. 

The participants sent the filled questionnaires back via email. Once a ques-
tionnaire was received, each document was checked for completeness 
(i.e., an identification of missing values was performed). If missing values 
were identified, the respective participant was contacted again and asked 
if the values were left out intentionally. As this was not the case, the values 
were provided directly by the participants upon request. 

4.5.3 Analysis and Results 

In the following, the analysis of the questionnaires and the results will be 
described. 

4.5.3.1 Expert Assessment of the Criteria of the BPRE Prioritization Criteria 
 Model 

The data from the first questionnaire was entered into Microsoft Excel as 
well as into the statistics software PASW Statistics 18. The scales that were 
used in the questionnaire were transformed into numerical values ranging 
from -2 to +2. For example, an importance value of very unimportant (--) 
was assigned the value -2, whereas an importance value of very important 
(++) was assigned the value +2. After this had been completed, the de-
scriptive statistics of the data were calculated. Finally, the qualitative state-
ments from the questionnaires were collected in Microsoft Word and an-
alyzed. 

A boxplot of the results for importance and ease of assessment is shown 
in Figure 39. The details of the descriptive statistics for each criterion can 
be found in Appendix D. The mean (M) importance of all criteria in the 
model is calculated as 1.05. The standard deviation (SD) of the average 
importance values is 0.32. The ease of assessment is rated lower, with 
M=0.39, SD=0.51. 
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Figure 39.  Overall Statistical Results for “Importance” and “Ease of Assessment” Ranking 

The most important criterion is “customer satisfaction” with M=1.7, 
SD=0.47, closely followed by “end user satisfaction” with M=1.65, 
SD=0.49 (both from the subcategory “Stakeholder Benefits”). The crite-
rion rated least important is “external acceptance loss” (from the subcat-
egory “Stakeholder Risks during Realization”) with M=0.25, SD=1.02. The 
criteria with the ten highest values for importance with their mean values 
and standard deviations are shown in Figure 40. These are four criteria 
from the major category “Benefits” (B), four criteria from “Context” (X), 
one criterion from “Costs” (C), and one criterion from “Risks” (R). The 
criteria with the ten lowest values for importance are shown in Figure 41. 
These are five criteria from the major category “Benefits”, four criteria 
from “Risks”, two criteria from “Costs”, and one criterion from “Con-
text”. It can be seen that all criteria were rated positively on average. The 
complete list of criteria ranked according to importance can be found in 
Appendix D. 

 

Figure 40.  Prioritization Criteria with Ten Highest Values for Importance with Mean and Standard De-
viation 
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Figure 41.  Prioritization Criteria with ten lowest Values for Importance with Mean and Standard Devi-
ation 

Concerning ease of assessment, the criterion rated easiest to assess is “in-
frastructure costs” with M=1.35, SD=0.75 (from the subcategory “Costs 
of Operation”). The criterion ranked most difficult to assess is “external 
acceptance loss” (from the subcategory “Stakeholder Risks during Reali-
zation”) with M=-0.5, SD=1.15. Thus, “external acceptance loss” is the 
criterion rated least important and most difficult to assess. The criteria with 
the ten highest values for ease of assessment are shown in Figure 42.  

 

Figure 42.  Prioritization Criteria with Ten Highest Values for Ease of Assessment with Mean and 
Standard Deviation 

These are six criteria from the major category “Costs”, two criteria from 
“Context”, one criterion from “Benefits”, and one criterion from “Risks”. 
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The criteria with the ten lowest values for ease of assessment are shown 
in Figure 43. These are eight criteria from the major category “Risks” and 
four criteria from “Benefits”. In comparison to the importance ranking, 
the values are generally smaller (and are also in the negative area; 16 out 
of 65 criteria are rated negatively on average) and the differences between 
the mean values of the criteria are larger. The complete list of criteria 
ranked according to ease of assessment can be found in Appendix D.  

 

Figure 43.  Prioritization Criteria with Ten Lowest Values for Ease of Assessment with Mean and Stand-
ard Deviation 

Two criteria that are in the Top Ten of the importance ranking also appear 
in the Top Ten of the ease of assessment ranking (“implementation cost” 
and “urgency”). Six criteria that are among the least important ones are 
also rated most difficult to assess (“reputation improvement”, “internal 
motivational loss”, “strategic damage”, “innovativeness improvement”, 
“market trend alignment”, and “external acceptance loss”). 
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Figure 44.  Benefits Criteria according to Average Importance and Ease of Assessment Rating 

Figure 44 shows an overview of the criteria in the major category “Bene-
fits” according to importance and ease of assessment (the data points 
with the same color are contained in the same subcategory). A chart 
showing all criteria contained in the model can be found in Appendix D. 
On average, all Benefits criteria are rated positively in the importance di-
mension. However, six criteria are rated slightly negative in the ease of 
assessment dimension. The top-rated criterion (with respect to both di-
mensions) in this category is “customer satisfaction”, closely followed by 
“end user satisfaction”. The criterion that is rated lowest is “innovative 
improvement”, closely followed by “reputation improvement”, and “mar-
ket trend alignment”. 
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Figure 45.  Costs Criteria according to Average Importance and Ease of Assessment Rating 

Figure 45 shows an overview of the rating of the criteria in the major cat-
egory “Costs” according to importance and ease of assessment. On aver-
age, all cost criteria are rated positively in both dimensions. The top-rated 
criterion (with respect to both dimensions) in this category is “implemen-
tation costs”, the lowest rated criterion is “documentation costs”. 

 

Figure 46.  Risks Criteria according to average Importance and Ease of Assessment Rating 

Figure 46 shows an overview of the rating of the criteria in the major cat-
egory “Risks” according to importance and ease of assessment. Here 
again, all criteria are, on average, rated positively in importance. However, 
eight criteria are rated slightly negatively in the ease of assessment dimen-
sion. The top-rated criterion (with respect to both dimensions) in this cat-
egory is “over budget risks”; the lowest-rated criterion is “external ac-
ceptance loss”, which is also the lowest-rated of all criteria in the model. 
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Figure 47.  Context Criteria according to Average Importance and Ease of Assessment Rating 

Figure 47 finally shows an overview of the rating of the criteria in the 
major category “Context” according to importance and ease of assess-
ment. As in the other categories, all criteria are, on average, rated posi-
tively in importance. In this case, two criteria are rated slightly negatively 
in the ease of assessment dimension. The top-rated criterion (with respect 
to both dimensions) in this category is “urgency”, which is also the top-
rated of all criteria in the model. The lowest-rated criterion in this category 
is “governmental demand”. 

Some of the ratings indicate a correlation between the average ratings for 
importance and ease of assessment. For example, most of the criteria that 
are rated of high importance are also rated high regarding the ease-of-
assessment dimension. A Pearson product-moment correlation was run to 
determine the correlation between the average importance and ease-of-
assessment ratings. A significant positive correlation (r=.512, n=65, 
p<.001) was observed (the output of the statistics software PASW can be 
found in Appendix D). 

From the ratings of the single criteria, the average values of the criteria for 
each subcategory can be calculated. This aggregation highlights the sub-
category in which the (on average) most important criteria and the criteria 
that are easiest to assess are included. Figure 48 shows the ranking of the 
subcategories according to the average importance value of the included 
criteria. The highest-ranked subcategory is “Engineering” (from the major 
category “Context”) with M=1.4, SD=0.1, closely followed by “Stake-
holder Benefits” (from the major category “Benefits”) with M=1.35, but 
a higher standard deviation SD=0.56. Noticeably, there is a rather large 
difference (> 0.5) between the least important category “Stakeholder 
Risks during Realization” (from the major category “Risks”) with M=0.28, 
SD=0.04 and its predecessor “Difficulty of Realization” (also from the ma-
jor category “Risks”) with M=0.82, SD=0.2, whereas the differences be-
tween other subsequent subcategories are rather small (< 0.1). 
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Figure 48.  Subcategories Ranked according to Average Importance of the Included Criteria 

Figure 49 shows the ranking of the subcategories according to the aver-
age ease-of-assessment value of the included criteria. The highest-ranked 
subcategory is “Time & Utilization” (from the major category “Context”) 
with M=1.18, SD=0.04, being slightly higher than the second-place sub-
category “Costs for Operation” (from the major category “Costs”) with 
M=1.05, SD=0.24. Two jumps can be noticed in the fifth place (“Stake-
holders”) and in the eleventh place (“Environmental Conditions”). Fur-
thermore, rather high standard deviations can be observed for “Stake-
holder Benefits” and “Strategy-related Benefits”. The last four subcate-
gories even score negatively, with “Requirements Risks during Realiza-
tion” (from the major category “Risks”) having the lowest value of 
M=-0.4, SD=0. 
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Figure 49.  Subcategories Ranked according to Average Ease of Assessment of the Included Criteria 

In Figure 50, the subcategories are plotted according to the aggregation 
of the average importance and ease of assessment values of the included 
criteria (the data points with the same color belong to the same major 
category). It can be seen that with respect to both dimensions, “Time & 
Utilization” is the top-rated subcategory. The lowest-rated subcategory by 
far is “Stakeholder Risks during Realization”. 

 

Figure 50.  Subcategories according to Average Importance and Ease of Assessment of the Included 
Criteria 
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Table 35 shows the average importance and ease of assessment values of 
the criteria aggregated into the four major categories “Benefits”, “Costs”, 
“Risks”, and “Context”. It can be seen that the criteria rated as most im-
portant are in the “Context” category, closely followed by the “Benefits” 
category, whereas the “Costs” category includes the criteria that are by 
far the easiest to assess. The “Risks” category, however, includes the least 
important criteria and also the criteria that are by far the most difficult to 
assess. Whereas the differences between the importance values are rather 
small (0.26 between the smallest and the largest value), the differences 
between the ease of assessment values are larger (1.0 between the small-
est and the largest value). In Figure 51 and Figure 52, these results are also 
plotted. 

 Benefits Costs Risks Context 
 Mean SD Mean  SD Mean SD Mean SD 
Importance 1.11 0.33 1.06 0.29 0.89 0.3 1.15 0.3 
Ease of Assessment 0.34 0.44 1.04 0.21 0.04 0.45 0.44 0.41 

SD: Standard Deviation 

Table 35.  Overall Statistical Results for “Importance” and “Ease of Assessment” Ratings 

 

Figure 51.  Major Categories according to Average Importance and Ease of Assessment of the In-
cluded Criteria (1) 
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Figure 52.  Major Categories according to Average Importance and Ease of Assessment of the In-
cluded Criteria (2) 

The analysis presented was done solely on the ratings of the criteria. In 
addition, the subcategories were also rated on their own by the experts in 
the questionnaire. This information can be used to do a cross-check with 
the values that were calculated based on the criteria ratings. Figure 53 
shows the comparison for importance, Figure 54 for ease of assessment. 

 

Figure 53.  Comparison of Rated and Calculated Averages for each Subcategory (“Importance”) 
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Figure 54.  Comparison of Rated and Calculated Averages for each Subcategory (“Ease of Assess-
ment”)
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most all subcategories have similar average values, except for four subcat-
egories. In this case, for two subcategories (“Time & Utilization” and “Eco-
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in general most criteria are still rated positively with regard to ease of as-
sessment (49 out of 65 criteria are rated positively on average, see also 
Appendix D). 

4.5.3.2 Evaluation of the Benefits of the BPRE Prioritization Criteria Model 

The data from the second questionnaire returned by 20 participants was 
also entered into Microsoft Excel as well as into the statistics software 
PASW Statistics 18 in order to perform the statistical analysis described 
below. The raw data and the output of PASW can be found in Appendix 
E. The scales were transformed just like in the first questionnaire (i.e., from 
-2 to +2). The qualitative statements from the questionnaires were col-
lected in Microsoft Word. 

First of all, the descriptive statistics of the data were calculated using 
PASW. After that, the data was checked for normality using the Kolmo-
gorov-Smirnov test in PASW. This was done in order to check the assump-
tions for applying further statistical tests for hypothesis testing (i.e., the 
single-sample t test [She00]). Not all questionnaire items were distributed 
normally; therefore, the corresponding non-parametric test (i.e., the Wil-
coxon signed-rank test [She00]) was applied instead of the single-sample 
t-test. The Wilcoxon signed-rank test was used to determine whether the 
median (Mdn, ) of the ratings for (1) suitability to the BPRE context 
(MH1.1), (2) increase in prioritization criteria awareness (MH1.2), (3) pro-
ject risk reduction (MH1.3), and (4) project effort reduction (MH1.4) posi-
tively differs from a hypothesized median of “0” (H0: ≤ 0; HA:  > 0). For 
this, the averages of Q2.1-Q2.6 were aggregated to a mean value for suit-
ability to the BPRE context, those of Q2.7-Q2.8 for increase in prioritiza-
tion criteria awareness, those of Q2.9-Q2.11 for project risk reduction, 
and those of Q2.12-Q2.14 for project effort reduction.  

The overall results for suitability to the BPRE context, increase in prioritiza-
tion criteria awareness, project risk reduction, and project effort reduction 
are shown in Table 36.  

 Mean SD Median Z p Reject H0 
Suitability to the BPRE Context 0.82 0.52 0.83 3.672 .000 yes 

Increase in Prioritization Criteria 
Awareness  

1.23 0.57 1.25 3.856 .000 yes 

Project Risk Reduction 1.17 0.35 1.33 3.972 .000 yes 
Project Effort Reduction 1 0.56 1 3.866 .000 yes 

SD: Standard Deviation 

Table 36.  Overall Statistical Results for Suitability to the BPRE Context, Increase in Prioritization Crite-
ria Awareness, Project Risk Reduction, and Project Effort Reduction 

A Wilcoxon signed-rank test showed that the expert ratings for suitability 
to the BPRE context (Mdn=0.83) were significantly higher than the hy-
pothesized neutral rating (Mdn=0), z=3.672, p<.001. Thus, the experts 
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deemed the criteria of the BPRE prioritization criteria model suitable for 
the BPRE context (accept MH1.1).  

A Wilcoxon signed-rank test showed that the expert ratings for increase 
in prioritization criteria awareness (Mdn=1.25) were significantly higher 
than the hypothesized neutral rating (Mdn=0), z =3.856, p<.001. Thus, 
the experts deemed the BPRE prioritization criteria model to have a posi-
tive influence on awareness of prioritization criteria (accept MH1.2). 

A Wilcoxon signed-rank test showed that the expert ratings for project 
risk reduction (Mdn=1.33) were significantly higher than the hypothesized 
neutral rating (Mdn=0), z=3.972, p<.001. Thus, the experts deemed the 
BPRE prioritization criteria model to have a positive influence on reducing 
project risk (accept MH1.3). 

A Wilcoxon signed-rank test showed that the expert ratings for project 
effort reduction (Mdn=1) were significantly higher than the hypothesized 
neutral rating (Mdn=0), z=3.866, p<.001. Thus, the experts deemed the 
BPRE prioritization criteria model to have a positive influence on reducing 
project effort (accept MH1.4). 

Concerning the single questionnaire items, the following results were ob-
served: Two items have a mean expert rating > 1.5. These are the items 
Q2.7 and Q2.9 (which actually belong to the most important question-
naire items regarding the overall goals of the model). Five items have a 
mean expert rating between 1.0 and 1.5 (Q2.1, Q2.5, Q2.11, Q2.12 and 
Q2.14). Six items have a mean expert rating between 0.5 and 1.0 (Q2.3, 
Q2.4, Q2.6, Q2.8, Q2.10 and Q2.13) and one item has a mean expert 
rating between 0 and 0.5 (Q2.2).  

The details concerning each single questionnaire item are presented in Ta-
ble 37. A Wilcoxon signed-rank test showed that the expert ratings for all 
items except Q2.2 were significantly higher than the hypothesized neutral 
rating (Mdn=0). 

Quality 
Aspect 

Questionnaire Item Mean SD Mdn Z p 
Reject 

H0 
Suitability to 

the BPRE 
Context 

Q2.1: The criteria of the BPRE prioritization cri-
teria model are well suited for the given con-
text. 1.15 0.49 1 4.065 .000 yes 
Q2.2: The criteria of the BPRE prioritization cri-
teria model are easy to assess. 0.2 0.52 0 1.633 .102 no 
Q2.3: The degree of detail of the BPRE prioriti-
zation criteria model is well suited for the given 
context. 0.75 1.02 1 2.696 .007 yes 
Q2.4: The size of the BPRE prioritization criteria 
model is well suited for the given context. 0.7 0.98 1 2.642 .008 yes 
Q2.5: The BPRE prioritization criteria model is 
structured well. 1.4 0.6 1 3.938 .000 yes 
Q2.6: The criteria of the BPRE prioritization cri-
teria model are described sufficiently. 0.7 0.92 1 2.725 .006 yes 
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Quality 
Aspect 

Questionnaire Item Mean SD Mdn Z p 
Reject 

H0 
Increase in 

Prioritization 
Criteria 

Awareness  
 

Q2.7: The BPRE prioritization criteria model 
raises awareness for possible prioritization crite-
ria. 1.6 0.5 2 4.053 .000 yes 
Q2.8: The BPRE prioritization criteria model fa-
cilitates the generation of one’s own ideas re-
garding new criteria that are not included in the 
model. 0.85 0.88 1 3.09 .002 yes 

Project Risk  
Reduction 

Q2.9: The BPRE prioritization criteria model 
helps not to forget or overlook important priori-
tization criteria. 1.6 0.5 2 4.053 .000 yes 
Q2.10: The BPRE prioritization criteria model re-
duces the risk of choosing inappropriate prioriti-
zation criteria. 0.75 0.64 1 3.419 .001 yes 
Q2.11: The criteria of the BPRE prioritization cri-
teria model help to improve decision-making 
during prioritization (e.g., in terms of accuracy). 1.15 0.59 1 3.906 .000 yes 

Project 
Effort  

Reduction 

Q2.12: The BPRE prioritization criteria model re-
duces the effort for selecting appropriate priori-
tization criteria. 1.05 0.76 1 3.586 .000 yes 
Q2.13: The BPRE prioritization criteria model re-
duces the effort for the generation of one’s 
own ideas regarding new criteria that are not 
included in the model. 0.8 0.83 1 3.087 .002 yes 
Q2.14: The BPRE prioritization criteria model re-
duces the effort required to perform prioritiza-
tion with project-specific criteria. 1.15 0.67 1 3.758 .000 yes 

Mdn: Median; SD: Standard Deviation 

Table 37.  Overall Statistical Results for the Single Questionnaire Items 

The qualitative statements that were collected can be divided into com-
ments with respect to model content, impact on work procedures and 
project work, and improvement possibilities.  

With regard to model content, it was mentioned that the model is a very 
good collection and that the idea and the benefits of the model are clearly 
visible.  

With regard to impact on work procedures and project work, it was men-
tioned that the model could help to harmonize the process of require-
ments, respectively criteria, analysis. Furthermore, it was commented that 
the model helps not to forget important criteria and that it can help to 
brainstorm new criteria that otherwise might be forgotten. It may also 
serve as argumentation support when discussing analysis and testing costs 
with customers, which are often neglected by them. It was remarked that 
the benefit of the model can be seen rather on a meta-level (for reflecting 
about what is really important) than in the pure selection of criteria, and 
that the model is a good basis for practical work, but still needs more 
refinement and maturation. Several times it was noted that only a subset 
of the criteria might be relevant for a particular project.  
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With regard to improvement possibilities, it was commented that some 
more details could be added to the descriptions of the criteria to improve 
unambiguousness. It was also indicated twice that it would be nice to have 
some specific assessment guidelines on how to rate the criteria in order to 
harmonize the assessment procedure of the criteria. One proposal was to 
extend the model to a more process-spanning view, i.e., rating not only 
single requirements but rather a combination of features.  

4.5.4 Threats to Validity 

In this section, the threats to validity of the survey will be discussed, fo-
cusing on the most relevant aspects identified from [WRH+00]. 

4.5.4.1 Construct Validity 

One major threat to construct validity is that no standardized question-
naire was used to evaluate the benefits of the BPRE prioritization criteria 
model. Several individual questionnaire items were defined and might not 
be appropriate for measuring the intended entities. Ideally, the validity of 
questionnaire items should be proven before using them in the survey. 
However, a large participant group is needed to do this. Another threat is 
that by giving the questionnaire to industry experts, only a comparison to 
the state of the practice and not to the state of the art can be obtained. 
However, this threat is minimized as the literature review showed that no 
comparable model is available in the literature. Furthermore, there are typ-
ical social threats to construct validity that need to be mentioned. First of 
all, the participants could guess the hypotheses from the questionnaire. 
This might have biased their ratings positively or negatively. The same is 
true for evaluation apprehension. As the participants may have felt that 
they were being evaluated, they may have rated items differently (e.g., to 
show their competence). This might also be true for the first questionnaire 
about the importance and ease of assessment of the criteria. Another pos-
sible threat is experimenter expectancy. Here, it might be possible that the 
author of the study may have influenced the participants unconsciously, 
e.g., during the invitation for the study.  

4.5.4.2 Internal Validity 

One possible threat to internal validity is fatigue. Because of the large size 
of the first questionnaire, the experts might have got bored of filling out 
the questions at the end. Thus, the ratings at the end of the questionnaire 
might not be as exact as those for the questions at the beginning. This 
threat could be reduced by randomizing the questions for each participant 
if the study is replicated. However, the ratings did not indicate any positive 
or negative trend over time. Another threat affecting internal validity is a 
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possible misunderstanding of the study material by the participants. How-
ever, as there were no such comments by the participants, this threat does 
not seem to be very prominent.  

4.5.4.3 Conclusion Validity 

One possible threat to conclusion validity is that only subjective measures 
were used to determine the benefits of the BPRE prioritization criteria 
model. Thus, using objective measures that can be repeated with the same 
outcome would be more reliable. Another threat is the rather small sample 
size of 20 participants. A larger sample size would increase the power of 
the statistical test and thus reduce the risk of drawing an erroneous con-
clusion. Furthermore, there is a possible threat concerning the aggrega-
tion of the criteria ratings to the categories and subcategories. As this is 
only an indirection, no direct conclusions can be drawn regarding the im-
portance or ease of assessment of a category. To mitigate this threat, the 
subcategories were also rated directly by the experts. In this way it was 
possible to do a cross-check between the calculated and the direct ratings 
(see also discussion of the cross-check in section 4.5.5).  

4.5.4.4 External Validity 

One possible threat to external validity is the homogenous group of survey 
participants (i.e., from the BPMS supplier domain). On the one hand, a 
homogenous group is favorable as it improves conclusion validity. How-
ever, it reduces external validity since the participants are not selected 
from a general enough population. Thus, if the study were to be repeated, 
a different group could be surveyed, e.g., the customer organizations of 
the BPMS suppliers. However, the chosen group is seen as highly repre-
sentative for the thesis topic and thus this threat is not so prominent. An-
other threat to external validity is that the BPRE prioritization criteria model 
was evaluated without showing its integration with the BPRE prioritization 
process. Integration into a concrete process might influence the assessed 
benefits positively or negatively. Thus, the study might be repeated with 
concrete integration into the process context. 

4.5.5 Interpretation and Implications 

In general, the results show that the BPRE prioritization criteria model is 
considered valuable from a practitioner’s viewpoint. This is represented by 
the quantitative data from the questionnaires, but is also reflected in the 
qualitative remarks by the industry experts. The strengths of the model 
can especially be seen in the fact that it makes people aware of prioritiza-
tion criteria and helps them to not forget or overlook important criteria. 
Furthermore, the structure of the model can also be seen as a particular 
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strength. Effort reduction, risk reduction (e.g., improved decision-mak-
ing), as well as the suitability of the criteria for the context are further 
strengths of the model. Some improvements might be identified in the 
model’s degree of detail, the criteria descriptions, and the size of the 
model. Here, more analysis is needed as to what exactly can be done to 
make the model more convenient for the user, e.g., by interviewing the 
survey participants. However, it is expected that given an integration into 
a concrete method (e.g., for tailoring the model to a concrete project con-
text), these aspects of the model can be improved. From the qualitative 
statements it can also be concluded that the model is rather complete, as 
only few new criteria were proposed. It has to be analyzed whether these 
new criteria need to be included in the model. To date, it seems that they 
are only synonyms of criteria already included in the model (e.g., change-
ability is represented by flexibility) or that they were already left out inten-
tionally when the model was tailored to the BPRE context.  

Concerning the contents of the model, the criteria are generally seen as 
being important for the context. None of the criteria is rated negatively on 
average, which is a further indicator that the collection of criteria provided 
by the BPRE prioritization criteria model is suitable for the BPRE context. 
However, there is a mixed picture concerning ease of assessment. Some 
of the criteria seem to be rather easy to assess, while others are rather 
difficult. This is also reflected in the qualitative comments and surely de-
pends on the nature of the criterion: A cost criterion, for example, might 
be easier to assess than a more abstract criterion such as “innovativeness 
improvement”, as this is much harder to grasp. Here, it has to be investi-
gated whether further methodological support may be able to facilitate 
the assessment procedures for criteria used in prioritization methods. This 
may also include making the assessment procedure objective and repeat-
able. Objectifying the ratings is mainly beneficial if a fixed rating scale is 
used for prioritization. However, this thesis investigates prioritization 
methods where requirements are prioritized relative to each other in their 
respective prioritization block (i.e., by comparison and not on a fixed rat-
ing scale, as described in section 3.3.5) as well as with respect to their 
parent requirement in the hierarchy. Thus, such support is only meaningful 
to a limited extent in the context of this work because fixed rating values 
cannot be prescribed without knowing the context of a requirement. 
However, if the BPRE prioritization criteria model is applied in different 
prioritization settings, an objectified rating procedure appears to be ben-
eficial.  

Furthermore, a correlation between the average importance and ease-of-
assessment ratings could be observed. One possible explanation for this 
could be the existence of a third unknown variable or specific characteris-
tics of the prioritization criteria (e.g., that criteria are rated important and 
at the same time easy to assess because they are easy to understand and 
familiar to the experts). However, this finding is out of the scope of the 
research questions of this study. The concrete reasons for this need to be 
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investigated in further studies aimed at exploring this observed correla-
tion. 

The comparison in the importance cross-check (Figure 53) shows that in 
four cases the subcategories are rated noticeably higher than the criteria 
included in them. A possible explanation for this could be that even if a 
criterion of lower importance is included in such a category, the other 
included criteria are still seen much more important in relation to it. Thus, 
the subcategory was rated higher by the experts to reflect this situation. 
Another reason could be that the participants rated the subcategory be-
fore looking at the details of the included criteria. They may have expected 
some other criteria in the subcategory and thus there is a mismatch be-
tween the rating of the subcategory and the rating of the included criteria. 
This might happen if the naming or the description of the subcategories 
is not optimal. Concerning the ease-of-assessment cross-check (Figure 
54), one possible explanation for the differences could be that in some 
cases, it might be easier to rate a more abstract (sub)category than a de-
tailed criterion. In these cases, the subcategory rating is higher than the 
ratings of the included criteria. In other cases, when the subcategory is 
rated lower than the included criteria, it might again be the case that the 
participants rated the subcategory without checking the included criteria. 
When looking at the raw data, it becomes apparent that these differences 
are mainly caused by a few inconsistent ratings (e.g., rating the subcate-
gory with -1, but rating all included criteria with +1). However, in general, 
the differences between the average values of the included criteria and 
the direct rating of the subcategories are rather low. Therefore, the cross-
check largely confirmed the results of the direct criteria rating. 

Another interesting aspect is to compare the ten most frequently men-
tioned criteria of the systematic literature review for the generic prioritiza-
tion criteria model (as shown in Figure 30 in section 4.3) and the criteria 
of the BPRE prioritization criteria model with the ten highest values for 
importance ranked by the industry experts during the survey. Of course, 
not all criteria of the generic prioritization criteria model are included in 
the same form in the  BPRE prioritization criteria model. However, some 
comparisons can still be made. For example, it is remarkable that “imple-
mentation costs”, which is by far the most frequently mentioned criterion 
in the literature, is only ranked in fourth place by the industry experts. 
“Resource availability”, which is the second most frequently mentioned 
criterion in the literature, is ranked in fifth place by the industry experts. 
“Requirements dependencies” and “implementation dependencies” are 
ranked in the third and eighth place, respectively, regarding the number 
of mentions in the literature. In the BPRE criteria model, they are repre-
sented by the criterion “requirements dependencies”. However, this cri-
terion is not even ranked in the Top Ten of the most important criteria 
according to the expert survey. Actually, it is ranked in place 47. The same 
is true for “requirements volatility”, which is in ninth place of the most 
frequently mentioned criteria in the literature, but only in 40th place in the 
importance ranking of the expert survey. “Customer satisfaction”, which 
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is in fifth place of the most frequently mentioned criteria in the literature, 
is rated the most important criterion according to the experts’ viewpoint. 
Staff competence is ranked in tenth place in both rankings. There are more 
examples in which the difference between the number of mentions and 
the actual importance rated by the experts diverge. This result indicates 
that the domain in which the respective criteria are applied is of high im-
portance for the selection of criteria. Thus, if prioritization methods are 
proposed on a fixed set of criteria, a preceding analysis should take place 
to determine whether these criteria are actually important in the respec-
tive domain, as it was done in this survey. 

4.6 Summary 

An important factor for effective prioritization is the utilization of appro-
priate prioritization criteria. In this chapter, a BPRE prioritization criteria 
model for the BPRE domain and its evaluation were described. The model 
was created in a research process consisting of a systematic literature re-
view for the extraction of prioritization criteria, the creation of a consoli-
dated generic prioritization criteria model for software development based 
on these criteria, and the customization and extension of this generic 
model to the specifics of the BPRE domain. The evaluation of the BPRE-
specific model in an industry expert survey confirmed the hypothesized 
benefits of the model with regard to (1) suitability to the BPRE context, (2) 
increase in prioritization criteria awareness, as well as (3) project risk re-
duction and (4) project effort reduction. Thus, it confirmed one of the 
main hypotheses (MH1) of this thesis (see Table 38).  

Thesis Hypotheses Confirmed 
MH1. Prioritization Effectiveness & Efficiency 
The usage of the prioritization approach in BPRE will result in more ef-
fective and efficient prioritization compared to the state of the art. 

yes 

MH2. Valuable Elicitation (Elicitation Efficiency) 
The usage of the prioritization approach in BPRE will result in higher re-
quirements elicitation efficiency (i.e., elicitation of requirements in a 
more valuable order) compared to state-of-the-art elicitation orders. 

See chapter 5 

Table 38.  Evaluation of the Hypotheses of this Thesis 

Furthermore, it could be shown how important and how easy to assess 
the criteria of the model are in the opinion of the industry experts. The 
criteria are generally seen as being important for the context. However, 
there is a mixed picture concerning ease of assessment. Some of the cri-
teria seem to be rather easy to assess, while others are rather difficult. It 
could be concluded that an open issue for future work is to investigate 
how and if the provision of particular guidelines for the assessment of the 
different prioritization criteria may be able to facilitate the prioritization 
process.
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5 Using Priorities for Requirements Elicitation 
Decisions 

“Two roads diverged in a wood, and I - I took the one 
less traveled by, And that has made all the difference.”   

Robert Frost 

As already described in section 1.3, the solution idea of this thesis is to 
provide a systematic prioritization approach using a BPRE prioritization cri-
teria model as well as decision heuristics for the determination of a more 
valuable elicitation order in adaptive incremental BPRE. 

 

 

Figure 55.  The Decision Heuristics in the Prioritization Approach 

This chapter explains how priorities can be utilized to guide the require-
ments elicitation process by means of decision heuristics (see Figure 55). 
A decision heuristic is an algorithmic technique that utilizes information 
about the current requirements status (e.g., priorities, elicitation status, 
concerned reference objects) to make a decision about which requirement 
to elaborate next in the incremental elicitation process. The goal of a de-
cision heuristic is to guide the requirements engineer in such a way that 
the most valuable requirements are elicited first (i.e., the requirements are 
elicited in the most valuable order) while at the same time spending as 
little elicitation effort as possible. A decision heuristic is not guaranteed to 
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be optimal but tries to arrive at a good solution with limited knowledge 
and within a short period. The decision heuristics aim at closing the gap 
found in existing prioritization approaches with respect to decision sup-
port for requirements refinement in the BPRE context, as already described 
in the discussion of related work in chapter 3 (see Table 39). 

Req. 4: 
Domain 
Criteria 

Req. 5: 
Decision Support for 

Refinement 
Existing Prioritization Approaches - - 

Table 39. Closing the Gap regarding Decision Support for Requirements Refinement in Adaptive In-
cremental BPRE Elicitation 

Figure 56. Decision Heuristics and Resulting Refinement Decisions as well as Elicitation Order and Elici-
tation Effort in the Elicitation Process 

This chapter thus mainly deals with decision heuristics and resulting re-
finement decisions (i.e., for elaborating a requirement) made during pri-
oritization activities, as already in introduced in the foundations in section 
2.6.1 (see Figure 56). Furthermore, it also addresses the induced elicitation 
effort and the value of elaborated prioritized requirements in order to de-
termine the performance of the decision heuristics with regard to require-
ments elicitation efficiency (see Figure 57).  
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Figure 57.  Generated Value of Elaborated Prioritized Requirements Anticipated by Priority 

It further explains a simulation experiment [RD14] that was performed in 
order to evaluate the performance of the decision heuristics with regard 
to requirements elicitation efficiency. The underlying model assumptions 
as well as the statistical evaluation will also be described. Furthermore, the 
chapter presents an overview of simulation results that were achieved us-
ing different model assumptions. Finally, recommendations will be made 
regarding which decision heuristic to use in which setting. 

5.1 Research Approach 
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formance can be compared directly for the same setting. Thus, the simu-
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different model parameters were discussed in telephone interviews with 
five domain industry experts as well as with requirements engineering ex-
perts for information systems at Fraunhofer IESE in order to make them as 
realistic as possible. After that, the simulation tool was developed in the 
next step (3) in order to simulate the decision heuristics in the require-
ments hierarchies of the simulation model. After the development was 
finished, several simulation trials were performed on some test data sets 
(4). During these trial runs, insights about the performance of the decision 
heuristics were gained, which led to an extension of the initial set of deci-
sion heuristics (5). These new heuristics were deemed to perform even 
better than the original ones. Finally, a set of nine different decision heu-
ristics was defined. In the next step (6), the decision heuristics were eval-
uated in a controlled simulation experiment. The performance of the heu-
ristics was measured in order to determine the most valuable decision heu-
ristic in the simulated project setting. After that, the simulation model was 
adapted to reflect different project settings (7), which were then again 
simulated (8). This was done in order to see how robust the decision heu-
ristics are to changing project settings. In the last step (9), the results of 
these additional simulations were analyzed in order to come up with some 
recommendations as to which decision heuristic seems to be most valua-
ble in which setting. 

 

Figure 58.  Research Approach for the Definition and Evaluation of Decision Heuristics 

5.2 State of the Art 

As already discussed in the related work in chapter 3, the available priori-
tization approaches in the literature do not provide any heuristic on how 
to decide which requirements to elaborate next at a certain point in time 
in the elicitation process (see Figure 59). However, the decision heuristics 
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and the resulting elicitation order within the requirements hierarchy dis-
cussed in this thesis are similar to well-known algorithms for traversing 
trees, e.g. depth-first search or breadth-first search [RN09].  

 

Figure 59.  Incrementally Traversing the BPRE Requirements Hierarchy 

To be more precise, best-first search [RN09] makes use of heuristics to 
determine which node (in a graph or tree) to visit next. However, best-first 
search algorithms are mostly designed to be applied on trees where the 
size and structure are known in advance. In the problem space of this 
thesis, the size (and contents) of the requirements tree is unknown at the 
beginning of a project. Most approaches dealing with such problems stem 
from the domain of (shortest) path finding, especially the robot movement 
[DP90] [PY91] [AH97] [PP99] [DKK06]. At each node of an unknown graph 
or tree, the robot follows a certain edge along the graph based on a pro-
posed heuristic. In the case of this thesis, the edge weights are the com-
bination of the priority of a requirement and its elicitation effort, whereas 
in path-finding problems, the edge weights represent the distances be-
tween nodes. 

In contrast to these problems, the edge weights are not fixed during tra-
versal of the requirements tree: if, for example, the requirements of two 
business processes are elicited, the costs for traversing over these nodes 
of the tree are incurred only once. After that, traversing over these nodes 
(for example jumping between the activities of these processes) does not 
re-incur any elicitation effort for the business processes. A similar kind of 
problem can be found in [AH97], where the robot is allowed to jump be-
tween already revealed nodes. However, the problem in this thesis is not 
to find the shortest path between nodes in the tree but to optimize the 
resulting (business) value realized by the elaborated requirements com-
pared to the elicitation effort. The traversal of the requirements hierarchy 
is thus a sequence of decision problems and a decision heuristic provides 
a rule on how to act in a certain decision situation. 
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Simulation of prioritization strategies has been applied before in the work 
of Port et al. [POM08]. In this work, simulation was used to investigate 
agile and plan-based prioritization approaches. The simulations were done 
on base sets of (independent) requirements where new requirements 
emerged during runtime and were allocated to development iterations us-
ing prioritization. Dynamism is an important part of this study. The perfor-
mance of the strategies is compared by analyzing different measures, e.g., 
total value and total costs. In contrast to that, the work in this thesis is 
based on requirements hierarchies where priorities are influenced by these 
dependencies. Furthermore, the focus in this thesis is on elicitation effort, 
not on development costs. What the decision heuristics investigated (sec-
tion 5.4) have in common with the prioritization strategies in [POM08] is 
that they utilize the priorities of the requirements to make a decision. 
However, the goal of the decision heuristics is to determine which require-
ments to elaborate further, whereas the prioritization strategies in 
[POM08] aim at ranking the requirements and allocating them to devel-
opment iterations with respect to effort constraints. Thus, they have some 
parts in common, but are not directly comparable as the purpose is differ-
ent. 

In this thesis, representative measures (the net present value and the inte-
gral, see section 5.3 and section 5.6) are used, which are able to express 
that early value generation is more profitable than late value generation 
and that low elicitation effort (respectively time) is better than high elici-
tation effort. This means that, for example, heuristic A could be better 
than heuristic B if the tree is traversed completely but not if the tree is 
traversed only partly (for example, if the budget has been exhausted). As 
the requirements tree is unknown in advance, an optimal solution cannot 
be pre-calculated. Thus, the  interest is on decision heuristics that will lead 
the requirements engineer to a good solution in most of the cases, even 
if information about the tree is unavailable.  

5.3 BPRE Simulation Model 

In order to simulate the decision heuristics during an adaptive incremental 
requirements elicitation process (as described in section 2.5.4) on a BPRE 
requirements hierarchy, a simulation model was created and implemented 
in a simulation tool. In this section, the model assumptions will be pre-
sented. 

The main component of the simulation model is the requirements hierar-
chy, which represents the requirements structure that is created during a 
project. The hierarchy is elaborated (i.e., traversed) during the simulation 
according to the decision of the respective decision heuristic that is ap-
plied. This traversal simulates the adaptive incremental requirements elic-
itation process. This means that a decision heuristic operates on an un-
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known requirements hierarchy and following the respective heuristic, in-
crementally new requirements are identified and elaborated until all re-
quirements in the hierarchy have been elaborated. The requirements hier-
archy is pre-calculated for each simulation in order to compare the heu-
ristics on the same requirements setting. 

The requirements hierarchy represented in the simulation model consists 
of prioritizable requirements concerning prioritizable reference objects 
from the classes project, business process, business activity, and system 
function according to the structure of the prioritizable reference object 
classes in section 2.6.1 (see Figure 60). This hierarchy is needed in order 
to comply with Req. 1 (Hierarchies) for a prioritization approach in adap-
tive incremental BPRE elicitation as defined in the foundations section 
2.6.2 of this thesis. 

For the simulation model, no distinction is made between the different 
types of business activities, as such a distinction is of minor importance for 
the simulation. Thus, a requirements hierarchy consists of a certain num-
ber of business processes (BPs), business activities (BAs), and system func-
tions (SFs). The root node of a hierarchy can be considered as a “project”. 
These numbers have to be parametrized to build a requirements hierarchy. 

 

Figure 60.  Prioritizable Reference Object Classes in the Simulation Model 

The second important component is the performance measurement that 
is used to determine the elicitation efficiency that is induced by the appli-
cation of a decision heuristic. In the simulation model, elicitation efficiency 
consists of the generated value of an elaborated prioritized requirement 
and the elicitation effort that is consumed by the elicitation activity for 
elaborating the requirement (see Figure 61).  
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Figure 61.  Relationship between Elicitation Efficiency and Requirements in the Simulation Model  

To measure elicitation efficiency, the concept of net present value (NPV), 
is utilized, which allows expressing that (1) early value generation is more 
profitable than late value generation, and (2) lower elicitation effort is bet-
ter than higher elicitation effort. Thus, it is used as the performance meas-
ure in the simulation model. The NPV is a business administration measure 
for dynamic investment calculations. In [DC03], this measure was already 
utilized to determine the return of investment of packaged software re-
leases. By discounting to the beginning of an investment, payments oc-
curring at an arbitrary point in time can be compared. The NPV is given by 
Equation 8: 

 

Equation 8. Net Present Value (NPV) 

: the period of the cash flow, typically in years 

: the discount rate, i.e., the rate of return that could be earned on an 
investment in the financial markets with similar risk 

: the net cash flow, i.e., (cash inflow – cash outflow) at period  

: the total number of periods 

In this case, it is necessary to adapt the NPV (because it should not be used 
to compare payments) and assume the following for its parameters: 

Cash inflow & cash outflow:  
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of this requirement after its elaboration generates a certain value for, 
respectively after, realization (e.g., that this system function is directly 
developed, is released, and produces revenues without any delay). It 
also generates a constant inflow during each period after completion 
of its elaboration.  

o Cash inflow corresponds to the priority of the system func-
tion. 

Cash outflow corresponds to the elicitation effort for a requirement 
during a period. Development effort is not investigated here. 

Each requirement in the hierarchy needs a certain amount of time to 
be elaborated (= number of elaboration periods) as well as a certain 
number of (human) resources that are needed for elaboration; thus, 
the total elicitation effort ( ) for a requirement is described by the 
number of periods needed for elaboration ( ) times the number of 
resources needed for elaboration per period ( ), see Equation 9. The 
effort for the identification of refined requirements is assumed to be 
included in the elaboration effort of the respective parent requirement 
and is thus not explicitly regarded in the simulation model. 

 

Equation 9. Elicitation Effort 

o The time length of a period is defined as one hour. 

: Because it is not dealt with monetary values here, 
value and elicitation effort are normalized to make them comparable. Net 
cash flow thus describes the difference between the relative value created 
and the relative elicitation effort required in the period. This corresponds 
to the assumption that the sum of the values of all system functions is 
equal to the total elicitation effort of all requirements. 

: The interest rate is assumed to be the same as in Equa-
tion 10. 

 

Equation 10. Interest Rate 

This is the conformant interest rate for periods of less than a year, i.e., in 
this case for one hour (assuming 36013 days per year and 8 hours per day) 
if the interest rate for a year is 10%. As the interest rate and periods are 
set to hours, the effect of time in each period is rather small. The above 

                                                      
13 Depending on which interest calculation method is used, a year is assumed to have between 360 and 366 
days. Here, 360 days are assumed. 
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definitions imply that elicitation efficiency is described by the value that is 
generated by the elicited system functions compared to the required elic-
itation effort, and that it is additionally influenced by time. Furthermore, 
value is only generated by system functions, i.e., the elicitation of business 
processes and business activities is assumed not to be generating any 
value. Their value is only realized by their system functions.  

The priorities of the requirements are normalized throughout the hierar-
chy, as done in the HCV approach (see section 3.3.2). An example is 
shown in Figure 62. 

 

Figure 62.  Example: Relative Priorities in a BPRE Requirements Hierarchy 

The simulation model was implemented in a prototypical simulation tool 
(see Figure 63), which was developed in C# using the Windows Presenta-
tion Foundation (WPF) framework for presentation issues and Telerik Data 
Access for accessing data in the database. The parameters of the simula-
tion model can be changed within the configuration of the tool, for ex-
ample the assumptions about the distribution of requirements numbers, 
priorities, or elicitation effort. When running a simulation, the tool auto-
matically creates the requirements hierarchy based on the model parame-
ters, traverses the hierarchy according to the respective decision heuristics, 
and continuously saves the data to a database during the simulation run. 
After a simulation is finished, the tool automatically exports the simulation 
results to a Microsoft Excel file, including some statistics about the per-
formed simulation as well as the actual measurement data. For testing 
purposes and for checking the general performance of the heuristics in 
single requirements hierarchies, a genetic algorithm was developed, which 
aims at finding the optimal solution (i.e., optimal elicitation order) for a 
given requirements hierarchy. 
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Figure 63.  Simulation Tool 

In section 5.5.2.1 and section 5.6 (respectively Appendix I for further sim-
ulations), the actual configuration of the simulation model parameters for 
running the simulations will be described. 

5.4 Decision Heuristics 

In search algorithms, a heuristic is a function that ranks alternatives at 
each branching step based on available information to decide which 
branch to follow [RN09]. In the case of this thesis, the decision heuristics 
utilize requirements information, especially priorities for making require-
ments refinement decisions. In the following, a set of nine different deci-
sion heuristics (DH1-DH9) will be described. The heuristics are based on 
the literature as well as on own ideas: Heuristics DH1 and DH2 are based 
on the most common heuristics found in the literature (depth-first, see, 
e.g., [RN09] and highest value first, see, e.g., [POM08]). Based on that, 
further heuristics were created in an iterative derivation process: DH3 was 
created as a combination of DH1 and DH2. DH4 was developed from 
scratch. These four heuristics were used to perform initial trial run simula-
tions in order to gain first insights about their general performance. As 
DH4 performed well in these trial runs, this initial set of decision heuristics 
was extended by a set of further heuristics based on DH4 (DH5-DH7). Fur-
thermore, DH8 and DH9 were included. DH8 is based on the idea of com-
paring values and costs to make a decision, which is also frequently dis-
cussed in the literature [HD08] [POM08] (the difference here is that the 
costs are not development costs, but elicitation effort). Finally, DH9 was 
created as a kind of reference heuristic. DH9 has information about non-
revealed requirements on lower levels. Thus, heuristics DH1-DH7 are only 
based on the priority values that are available at a certain point during 
traversal of the requirements tree, whereas DH8 and DH9 also utilize the 
costs incurred by refinement. DH8 and DH9 were included in order to 
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check if this information advantage leads to a significant difference in per-
formance. However, they cannot be used in a real setting as they operate 
on information that is not available in practice (like “knowing” the in-
curred elicitation effort in advance). The list of heuristics is not deemed to 
be complete. Additional heuristics might emerge due to adaptation and 
further research.  

The heuristics take as initial input a set (backlog) of already prioritized 
business processes. When a decision heuristic is applied to this set, the 
first decision result is the business process to be refined first. This business 
process is then elaborated and the business activities it contains are iden-
tified and prioritized. Thus, the backlog now contains the newly identified 
business activities as well as the remaining business processes. This set of 
requirements in the backlog is the input for the next application of the 
decision heuristic. Figure 64 shows an example of the first twelve steps of 
the elicitation order resulting from continuous application of DH414 in a 
BPRE requirements hierarchy. As can be seen, the elicitation switches be-
tween different business processes, business activities, and system func-
tions as implied by the decision rules of the decision heuristic DH4. 

 

Figure 64.  Resulting Elicitation Order from the Continuous Application of Decision Heuristic DH4 

                                                      
14 DH4 is shown because its decision rules are rather complex (in comparison to DH1-DH3) and because it is 
one of the most relevant heuristics for practice based on the recommendations given in section 5.6.2. 
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In the following, the decision rules of the heuristics will be described, in-
cluding their pseudo code. 

DH1. Highest Value (HV) First 

At each decision point in the hierarchy, always refine the requirement with the 
highest priority next. 

This heuristic represents the typical intuitive, “straightforward” approach if re-
quirements are chosen by priorities, as already applied in [POM08], for example. 
 
HighestValueFirst(backlog[]){ 
  While (backlog not empty){ 
    r = GetReqWithHighestValue(backlog); refine(r); 
  } 
} 
Refine(requirement){ 
  Backlog.Remove(requirement); 
  Backlog.Add(GetChildren(requirement)); 
} 

 
DH2. System Functions (SF) First 

Refine the requirements in depth-first order according to priority, i.e., refine the 
highest-valued business process, the highest-valued business activity, and then 
all system functions of this business activity in order of their value; go to the 
second-highest business activity and refine all system functions in order of their 
value; repeat this procedure until the business process has been completely 
traversed, then go to the next business process.  

This heuristic represents a typical waterfall-like approach (depth-first search like 
[RN09]; steered by highest priority). 
 
SystemFunctionsFirst(backlog[]){ 
  While (backlog not empty){ 
    While (SFs in backlog){ 
      r = GetSFWithHighestValue(backlog); Refine(r); 
    } 
    If (BAs in backlog){ 
      r = GetBAWithHighestValue(backlog); Refine(r); 
    } 
    Else{ 
      r = GetBPWithHighestValue(backlog); Refine(r) 
    } 
  } 
} 

 
DH3. SF First-HV First 

Proceed as in DH2, but whenever there are no system functions in the backlog, 
refine the requirement with the highest priority. 

This is a combination of DH1 & DH2; they were combined in order to see if it is 
more valuable to “jump” to the highest prioritized element after refining all 
system functions. 
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SystemFunctionsFirstHighestValueFirst(backlog[]){ 
  While (backlog not empty){ 
    While (SFs in backlog){ 
      r = GetSFWithHighestValue(backlog); Refine(r); 
    } 
    r = GetReqWithHighestValue(backlog); Refine(r); 
  } 
} 
 

DH4. Remaining Value Global 

Get the sum of the priorities of the most detailed requirements available in the 
backlog; check if this sum is greater or equal than the highest priority of the 
requirement on the hierarchy level above; if it is, refine the low-level require-
ment with the highest priority; otherwise, go to the higher hierarchy level and 
repeat the procedure. 

This is one of the newly created heuristics, which is deemed not to have been 
applied before in requirements prioritization and elicitation. It is based on the 
idea that if, for example, the highest-valued business activity in the backlog has 
lower priority than the sum of the available system functions, the system func-
tions that can be revealed by refining this business activity (children of this busi-
ness activity) will still have lower priority in sum. Thus, the available system func-
tions are refined until the sum is lower than the highest-valued business activity. 
This heuristic is deemed to perform better than the basic state-of-the-art heu-
ristics. 
 
RemainingValueGlobal(backlog[]){ 
  While (backlog not empty){ 
    If (BPs && BAs && SFs in backlog){ 
      If (CheckSum(SF,BA)) 
        r = GetSFWithHighestValue(backlog); Refine(r); 
      Else If (CheckSum(BA,BP)) 
        r = GetBAWithHighestValue(backlog); Refine(r); 
      Else 
        r = GetBPWithHighestValue(backlog); Refine(r); 
    } 
    Else If (BAs && SFs in backlog && no BPs in backlog){ 
      If (CheckSum(SF,BA)) 
        r = GetSFWithHighestValue(backlog); Refine(r); 
      Else 
        r = GetBAWithHighestValue(backlog); Refine(r); 
    } 
    Else If (BPs && SFs in backlog && no BAs in backlog){ 
      If (Checksum(SF,BP)) 
        r = GetSFWithHighestValue(backlog); Refine(r); 
      Else 
        r = GetBPWithHighestValue(backlog); Refine(r); 
    } 
    Else If (BPs && BAs in backlog && no SFs in backlog){ 
      If (Checksum(BA,BP)) 
        r = GetBAWithHighestValue(backlog); Refine(r); 
      Else 
        r = GetBPWithHighestValue(backlog); Refine(r); 
    } 
    Else{ 
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      If (SFs in backlog) 
        r = GetSFWithHighestValue(backlog); Refine(r); 
      Else If (BAs in backlog) 
        r = GetBAWithHighestValue(backlog); Refine(r); 
      Else  
        r = GetBPWithHighestValue(backlog); Refine(r); 
    } 
  } 
} 
 
CheckSum(requirementType A, requirementType B){ 
  If (ValueSum(A, backlog) >=  
   GetReqWithHighestValue(B, backlog).Value) 
    Return true; 
  Else Return false; 
} 

 
DH5. Remaining Value Global All 

Proceed as in DH4, but compare the sum on the system functions level to the 
business activity level and the process level at the same time (instead of only 
checking against the business activity level). 

This is a variation of DH4, which was created because it might happen in DH4 
that a business process with a high value is not refined as long as the system 
functions together have a higher value than the available business activities. 
This is prevented here. 
 
RemainingValueGlobalAll(backlog[]){ 
  While (backlog not empty){ 
    If (BPs && BAs && SFs in backlog){ 
      If (CheckSum(SF,BA) && CheckSum(SF,BP)) 
        r = GetSFWithHighestValue(backlog); Refine(r); 
      … 
    //same as RemainingValueGlobal() 
} 

 
DH6. Remaining Value 

Same as DH4, but only the elements in the same branch are summed up and 
compared. 
 
RemainingValue(backlog[]){ 
  While (backlog not empty){ 
    Refined = false; 
    sfs[] = SFs in backlog; 
    While (sfs not empty && !refined){ 
      r = GetSFWithHighestValue(sfs); 
      s[] = GetSiblings(r, backlog); 
      s.Add(r); 
      p[] = GetParentAndSiblings(r, backlog); 
      h = GetBAWithHighestValue(p); 
      If (ValueSum(s) >= h.Value) 
        Refine(r); Refined = true; 
      Else 
        sfs.Remove(r); 
    } 
    bas[] = BAs in backlog; 



Decision Heuristics 

158 

    … 
    //Same procedure for BAs 
    If (!Refined && BPs in backlog){ 
      r = GetBPWithHighestValue(backlog); Refine(r); 
      Refined = true; 
    } 
    If(!Refined){ 
      If (SFs in backlog){ 
        r = GetSFWithHighestValue(backlog); Refine(r); 
        Refined = true; 
      } 
      else If (BAs in backlog){ 
        r = GetBAWithHighestValue(backlog); Refine(r); 
      Refined = true; 
      } 
    } 
  } 
} 

 
DH7. Remaining Value All 

Same as DH6, but the sum of the system function values in the branch is com-
pared to the highest-valued business activity in the backlog (instead of the 
branch). 
 
RemainingValueAll(backlog[]){ 
  //same as RemainingValue() but p[] = BAs in backlog 
} 
 

DH8 (informed heuristic). Value-Cost Optimal 

Always refine the requirement with the highest value-effort relation. 

Basically, this is a combination of DH1 with the effort that is needed for elicita-
tion. This is an informed heuristic, as the heuristic “knows” the actual elicitation 
effort incurred by the elaboration of a requirement beforehand.  
 
ValueCostOptimal(backlog[]){ 
  While (backlog not empty){ 
    r = GetReqWithHighestValueCostRelation(backlog); 
    Refine(r); 
  } 
} 
 

DH9 (informed heuristic). Optimal Solution 

Calculate the “best” path (based on values and costs) to each system function 
in the hierarchy. Refine all requirements on the best path. Repeat. 

This heuristic is based on DH8, but instead of looking at the available require-
ments in the backlog, this heuristic “knows” the priority and the effort values 
of all (unrevealed) requirements beforehand. Thus, it is even better informed 
than DH8. Even if this heuristic is called “Optimal Solution”, it is not deemed 
to deliver an optimal solution in each case.  
 
OptimalSolution(backlog[]){ 
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  FillBacklogWithAllReqs(backlog) 
  While (backlog not empty){ 
    r[] = GetReqsWithBestPathToSF(backlog); Refine(r); 
} 

5.5 Evaluation: Controlled Simulation Experiment 

This section describes the controlled simulation experiment [RD14] that 
was performed in order to evaluate the performance of the decision heu-
ristics related to the second hypothesis MH2 of this thesis (see Table 40). 
It describes the findings based on two different simulations and tests.  

Thesis Hypotheses 
MH1. Prioritization Effectiveness & Efficiency 
The usage of the prioritization approach in BPRE will result in more effective and efficient 
prioritization compared to the state of the art. 
MH2. Valuable Elicitation (Elicitation Efficiency) 
The usage of the prioritization approach in BPRE will result in higher requirements elicita-
tion efficiency (i.e., elicitation of requirements in a more valuable order) compared to 
state-of-the-art elicitation orders. 

Table 40.  Main Hypotheses of the Thesis 

5.5.1 Goal, Questions, Hypotheses and Metrics 

The GQM approach [BCR94] was used as a basis for defining the meas-
urements in this experiment.  

The evaluation goal of the experiment was to evaluate hypothesis MH2 
already stated in section 1.3, which now indicates the respective decision 
heuristics: 

MH2. Valuable Elicitation (Elicitation Efficiency) 
 
The usage of the prioritization approach in BPRE will result in higher require-
ments elicitation efficiency (i.e., elicitation of requirements in a more valuable 
order) compared to state-of-the-art elicitation orders. 
 
It is expected that the usage of the newly proposed decision heuristics (DH3 – 
DH7) during prioritization will achieve at least 10% higher efficiency during 
adaptive incremental requirements elicitation compared to state-of-the-art elic-
itation orders (as induced by DH1 – DH2). 

Thus, the evaluation goal was: 

Analyze nine priority-based decision heuristics for the purpose of compar-
ison with regard to elicitation efficiency from the viewpoint of require-
ments engineers in the context of a controlled experiment of simulations.  
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The following research questions were to be answered: 

RQ1: Is there a difference in elicitation efficiency when applying dif-
ferent decision heuristics in BPRE? 

RQ2: Is there a difference in elicitation efficiency when applying dif-
ferent decision heuristics in BPRE compared at different control points 
during project runtime? 

Thus, the hypotheses are: 

H1,0 There is no difference in elicitation efficiency in BPRE when apply-
ing the decision heuristics. 

H1,0: 1= 2= 3=…= 9, where  = mean 

H1,A There is a difference in elicitation efficiency in BPRE when apply-
ing the decision heuristics. 

H1,A: at least two means are significantly different 

H2,0 There is no difference in elicitation efficiency when applying the 
decision heuristics compared at different control points during project 
runtime. 

H2,0: 1= 2= 3=…= 9 at each control point 

H2,A There is a difference in elicitation efficiency when applying the 
decision heuristics compared at different control points during project 
runtime. 

H2,A: at least two means are significantly different at a control point 

To compare elicitation efficiency between the different heuristics, a tool-
based simulation was performed on different BPRE requirements hierar-
chies. To measure elicitation efficiency, the concept of net present value 
(NPV), was utilized, as already described in section 5.3. The NPV was cal-
culated for each heuristic at five control points until the requirements hi-
erarchy was traversed completely. The control points were at 20%, 40%, 
60%, 80%, and 100% of the number of periods needed to traverse the 
whole hierarchy (i.e., they were determined based on the number of re-
quirements and the number of periods needed for elicitation of these el-
ements). The different control points were investigated because it might 
happen in practice that requirements elicitation is stopped before all re-
quirements have been elicited (e.g., due to budget constraints). In such 
cases, a decision heuristic that performs well at the beginning is more 
useful.  
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5.5.2 Experimental Design and Setup 

The experiment was designed and prepared based upon the study goal, 
the hypotheses, and the related metrics. Below, the details of the experi-
ment setup will be described. 

5.5.2.1 Model Parameters of the Requirements Hierarchies 

In order to run the simulations for the experiment, several requirements 
hierarchies had to be created in order to apply the decision heuristics. 
These requirements hierarchies (trees) represent the subjects of the exper-
iment. As described in section 5.3, the simulation model parameters had 
to be defined in order to create the trees according to these parameters. 
In the following, the configuration will be described as well as the ra-
tionale for setting these parameters. An overview is shown in Table 41. 

Requirements Numbers 
# of business processes (BPs) per tree  
# of business activities (BAs)  per business 
process  
# of system functions (SFs)  per business 
activity  
Priorities 
Priority Values 
Elicitation Effort 
# of elaboration periods  for each BP  

 

 
# of resources per period  for elabora-
tion of BP  

 

# of elaboration periods  for each BA   
 

 

 
 

# of resources per period  for elabora-
tion of BA  

 

# of elaboration periods  for each SF   
# of resources per period  for elabora-
tion of SF  

Table 41.  Model Parameters of the Requirements Hierarchies 
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Requirements Numbers: 

Business processes: The number of business processes for each tree is nor-
mally distributed in the whole population of the trees with a mean value 
of 30 and a standard deviation of 25%, i.e., 7.5 business processes. 

Rationale: The number of business processes in scope is based on Fraun-
hofer IESE’s past experience in BPRE projects as well as on interviews with 
business process management (BPM) solution providers. In the interviews, 
it was reported that automation of around 30 business processes can be 
achieved within a timeframe of two to six years by most of their customers 
(depending on company size). Furthermore, it was decided to determine 
the number of business processes at Fraunhofer IESE and assess how many 
of them could potentially be software-supported by an information sys-
tem, which finally resulted in the mean value of 30. To have a roughly 
homogenous group of hierarchies, the standard deviation should not be 
too high, so it was set to 7.5 business processes. 

Business activities: The number of business activities for each business pro-
cess is normally distributed with a mean of 20 and a standard deviation of 
25%, i.e., five business activities. 

Rationale: Again, from the past projects of Fraunhofer IESE and the inter-
views it was determined that most business processes have an average of 
10 - 30 business activities. Lacking more quantitative data here, the mean 
was set to 20 based on this information. 

System functions: The number of system functions for each business ac-
tivity is normally distributed with a mean of 5 and a standard deviation of 
25%, i.e., 1.25 system functions. 

Rationale: Based on Fraunhofer IESE’s past experience in BPRE projects, a 
typical business activity description (e.g., a use case) normally contains 2 - 
10 steps and around five system functions are refined from that. 

Priority Values:  

As the actual prioritization process for setting the priorities of the require-
ments is not of interest here, but only the decisions based on the priorities, 
the tree was prefilled with priorities for the simulations. This was done by 
randomly (equally distributed), assigning a value between one and 100 to 
the requirements and calculating their relative priorities in the hierarchy 
(as in HCV, see section 3.3.2). 

Elicitation Effort: 

As described in section 5.5.1, the elicitation effort ( ) for a requirement 
is described by the number of periods needed for elaboration ( ) times 
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the number of resources needed for elaboration per period ( ). The con-
figuration is as follows: 

Business processes: The number of elaboration periods  for a busi-
ness process  is based on the number of the business activities  that 
are contained in the business process. This means that larger business pro-
cesses will have a larger number for . A ratio with a base of ten 
business activities was utilized here (i.e., where this ratio calculates to 1.0). 
The mean of the elaboration periods is determined based on Equa-
tion 11.  

 

Equation 11. Mean of Elaboration Periods for Business Processes 

Briefly stated, this means that the elaboration periods’ base value for busi-
ness processes ( ) was adapted by a factor based on the pro-
cess size. After that, a randomly generated normally distributed number 
around this mean was generated with a standard deviation of 0.75. The 
number of resources per period  was determined by Equation 12. 

 

Equation 12. Number of Resources per Period for Business Processes 

 is the resource number base (i.e., the number of persons needed 
for elaborating a business process in an elicitation session) that is assumed 
for business processes.  

Rationale: As the elicitation effort was recorded in Fraunhofer IESE’s past 
BPRE projects, it was possible to derive the base numbers (e.g., a 3-hour 
elicitation workshop for a business process containing ten business activi-
ties) from this data (but only from a small data set). The use of a normally 
distributed number expresses the fact that the elicitation time needed for 
business processes with the same size actually differs in reality. The 

 of four (one requirements engineer and three stakeholders in a 
business process elicitation workshop) was also derived from the past data 
and the logarithm  was used to adapt it to different business process 
sizes. The logarithm helps to raise the number of resources only slowly for 
larger business processes (because the number of stakeholders participat-
ing in a workshop does not increase linearly with the process size). This 
adaptation also matches the data derived from the past projects.  

Business activities: The number of periods  for business activities is 
also based on the number of its sub-elements (i.e., system functions). A 
ratio was utilized that is 1.5 times as high if the number of system func-
tions is doubled and 0.5 times as high if the number of system functions 
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is halved. The base is eight system functions (i.e., where this ratio calcu-
lates to 1.0). After that, the ratio was multiplied with the  of 
2.0 to generate a mean value. A randomly generated, normally distributed 
number around this mean was generated with a standard deviation of 
0.5. The  was set to 2.0.  

Rationale: A base effort  of two hours for the elaboration of 
business activities was assumed, which was adapted slightly based on the 
sub-elements and was also randomly generated and normally distributed. 
The  assumes a one-to-one interview (one stakeholder, one re-
quirements engineer) for elaborating a business activity. 

System functions: The  for the number of periods for system 
functions was set to one. Based on this, a normally distributed random 
number around this mean was generated with a standard deviation of 
0.5.The  was set to 2.0.  

Rationale: The base effort for system functions was assumed as a 1-hour 
interview between two resources (one stakeholder and one requirements 
engineer). 

5.5.2.2 Experimental Design 

The experiment was designed as a two-way repeated measures ANOVA 
[Ste96]. In this way, possible differences between the heuristics over sev-
eral control points (CP) can be identified. Thus, one factor are the heuris-
tics with nine levels, while the second factor are the control points with 
five levels. Each heuristic was applied to each requirement tree (within-
subject-design). The dependent variable is the elicitation efficiency repre-
sented by the NPV, which was measured for each heuristic at each control 
point (5 x 9 repeated measures ANOVA). 

5.5.2.3 Experiment Procedure and Data Collection 

Simulation 1 for testing H1,A (“Difference”): 

The BPRE simulation tool was configured with the aforementioned param-
eters for the requirements hierarchies. The sample size was pre-calculated 
using the tool G*Power 3 [Buc15] for a repeated measures ANOVA 
(within-factors) with nine groups and five measurements. To test the first 
hypothesis, a small effect size f = 0.1 was assumed (as the simulation dealt 
with normalized values to calculate the NPV), which was adapted based 
on the description in [RHF+10] to f’ = 0.2236 for five measurements, an 
alpha error probability of 0.05, and a power of 0.95. Based on experience 
from test runs, a high correlation among the repeated measures was rec-
ognized, which made non-sphericity correction necessary. Correlation was 
set to 0.9 and non-sphericity correction to 0.2. The proposed sample size 
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of G*Power was n = 18. As mentioned in [RHF+10], for more than two 
groups, the adapted f’ leads to slight overestimation of the power and 
underestimation of the required sample size, so the sample size was cor-
rected to n = 25. Thus, 25 trees were generated and stored in a database. 
The trees contained a total of 813 business processes, 16,267 business 
activities, and 81,700 system functions in total, i.e., 33 business processes, 
651 business activities, and 3,268 system functions on average per tree. 
After that, each heuristic was simulated on each of the generated require-
ments trees. The tool automatically calculates the NPV and saves data to 
the database at each control point for later analyses, together with meta-
data such as configuration parameters, runtime, etc. Thus, 45 measure-
ments were gathered in total for each requirement tree, resulting in 1,125 
data points for the whole simulation. The total runtime of the simulation 
(including the generation of the requirements trees) was 01h:15min:40s 
on a standard PC, with an average of 03min:02s for each tree. The simu-
lation meta-data can be found in Appendix G. 

Simulation 2 for Testing H2,A (“Difference at different project time points”): 

After the first simulation, the parameters of G*Power were adapted to 
test the second hypothesis. As the interest is on the performance of the 
heuristics at each control point, it was decided to create an own sample 
to test each control point separately. In contrast to the first simulation 
(and based on the experience from that), f was set to 0.1 (in this case 
there is only one measurement, so it is not adapted to f’), and non-sphe-
ricity correction was set to 0.24 to determine the sample size. The pro-
posed sample size of G*Power was n = 73. This was rounded up to n = 
75 and 375 trees were generated to test each heuristic at each control 
point separately. The trees contained a total of 11,472 business processes, 
229,373 business activities, and 1,150,227 system functions in total, i.e., 
31 business processes, 612 business activities, and 3,067 system functions 
on average per tree. The total runtime of the second simulation was 
22h:16min:16s, with an average of 03min:34s for each tree. The simula-
tion meta-data can be found in Appendix H. 

5.5.3 Analysis and Results 

The data gathered from the simulation was imported into the statistical 
tool PASW Statistics 19. First, the collected data was checked for normal 
distribution using the Kolmogorov-Smirnov and the Shapiro-Wilk tests. 
Both tests were not significant, meaning that there was no significance 
for non-normal distribution. A cross-check of this result was performed by 
creating histograms and Q-Q plots for each of the 45 measurement vari-
ables. No violation of non-normality could be identified by visual inspec-
tion, which confirmed the results of the other tests. After that the two-
way repeated measures ANOVA was applied on the data of the first sim-
ulation. As there were no hypotheses about the performance of the heu-
ristics, no contrasts were defined in advance. In the second analysis, the 
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one-way repeated measures ANOVA was applied on the data of the sec-
ond simulation. This means that it was applied five times in total, on 75 
trees (of the 375) at a time for testing each control point. The data of the 
first simulation was not used for these tests because of two reasons: 1) 
the sample size for a two-way ANOVA was estimated, so the sample size 
for the other tests would have been too low; 2) statisticians do not uni-
versally approve the use of tests of simple main effects due to concerns 
regarding the conceptual error rate [UCLA15]. Thus, it was decided to cre-
ate samples to run an own one-way ANOVA for each control point. 

5.5.3.1 Simulation 1 

The two-way repeated measures ANOVA with a Greenhouse-Geisser cor-
rection determined that mean elicitation efficiency differed statistically sig-
nificantly between all heuristics over all control points (F(1.943, 46.620) = 
471.860, p<.001).  

Thus, the corresponding hypothesis H1,A “There is a difference in elicitation 
efficiency in BPRE when applying decision heuristics” can be accepted (see 
Table 42 for descriptive statistics; the two highest and lowest mean values 
are highlighted).  

NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 78.82 25.9 518.21 107.72 1185.45 220.23 1940.53 342.1 2709.98 462.87 
DH2 172.97 38.52 605.15 120.23 1219.84 225.59 1939.56 343.85 2701.28 463.32 
DH3 179.93 38.48 692.25 131.77 1371.53 249.33 2124.6 372.99 2893.08 494.5 
DH4 224.54 46.13 730.41 136 1400.88 249.06 2150.74 370.29 2919.51 490.51 
DH5 237.96 49.07 773.7 143.95 1465.82 261.18 2225.69 384.57 2995.44 505.82 
DH6 173.28 36.02 652.07 121.24 1320.01 233.31 2071.71 356.93 2839.96 478.66 
DH7 110.97 25.18 558.53 101.61 1223.57 213.17 1976.92 336.13 2746.01 457.6 
DH8 199.99 44.51 712.01 141.54 1398.7 259.18 2158.01 382.57 2927.76 503.66 
DH9 233.26 49.09 782.07 148.59 1483.88 268.97 2245.92 393.91 3014.25 515.58 

CP: Control Point; SD: Standard Deviation 

Table 42.  Descriptive Statistics (Simulation 1) 

Figure 65 shows the mean NPV for control points 1-3 (the others were 
omitted for the sake of readability). There is almost no interaction be-
tween the heuristics, i.e., the refinement decisions at the beginning of the 
tree traversal (before CP1) seem to have the greatest influence on the 
outcome. Also, the interaction between control points and heuristic dif-
fered significantly (F(1.888, 45.324) = 299.149, p<.001). This interaction 
is not investigated here because the control points were analyzed sepa-
rately in the second simulation. 
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Figure 65.  Mean NPVs of the Decision Heuristics over Control Points CP1-CP3 

Post-hoc tests using the Bonferroni correction revealed the statistically sig-
nificant differences between the heuristics shown in Table 43 (the com-
plete statistics can be found in Appendix G). It can be seen that the two 
heuristics DH5 and DH9 have a significantly higher mean NPV than all 
other heuristics. DH9 even has a slightly (though not significantly) higher 
mean than DH5. Also noticeable is that DH1 has a significantly lower mean 
than all other heuristics. A ranking would look like this: 

DH9 ~ DH5 > DH4 ~ DH8 > DH3 > DH6 > DH2 ~ DH7 > DH1 

The two informed heuristics DH9 and DH8 share the first places with the 
non-informed heuristics DH5 and DH4 in this ranking. The “simple” heu-
ristics DH1 and DH2 are ranked in the last places. 

NPV 
 DH1 DH2 DH3 DH4 DH5 DH6 DH7 DH8 DH9 

DH1 -         
DH2 41.16* -        
DH3 165.68* 124.52* -       
DH4 198.62* 157.46* 32.94* -      
DH5 253.13* 211.96* 87.45* 54.51* -     
DH6 124.81* 83.65* -40.87* -73.81* -128.32* -    
DH7 36.60* -4.56 -129.08* -162.02* -216.52* -88.21* -   
DH8 192.70* 151.53* 27.02* -5.92 -60.43* 67.89* 156.09* -  
DH9 265.28* 224.12* 99.60* 66.66* 12.15 140.47* 228.67* 72.58* - 

*=statistically significant with p<.001 

Table 43.  Pairwise Comparisons (i - j) of the Decision Heuristics (Simulation 1) 

Table 44 shows the direct comparison of the best of the newly proposed 
decision heuristics DH5 to the state-of-the-art heuristics DH1 and DH2 
over the different control points. It can be seen that on average, DH5 leads 
to a 60% higher result with respect to elicitation efficiency compared to 
DH1 and to a 22% higher result compared to DH2, ranging from +11% 
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to +202% depending on the progress of the requirements elicitation (i.e., 
the control points). 

When comparing the overall differences of DH5 and DH1 as shown in 
Table 43, a difference of +20% in favor of DH5 can be noticed. Compared 
to DH2, a difference of +16% is still observed. 

 CP1 CP2 CP3 CP4 CP5 

Mean Diff SD 

DH1 78.822 518.21 1185.45 1940.53 2709.98 
DH2 172.97 605.15 1219.84 1939.56 2701.28 
DH5 237.96 773.70 1465.82 2225.69 2995.44 

DH5 / DH1 +202% +49% +24% +15% +11% +60% 81% 
DH5 / DH2 +38% +28% +20% +15% +11% +22% 11% 

 CP: Control Point; SD: Standard Deviation 

Table 44.  Comparison between the Best Newly Proposed Decision Heuristic and the State-of-the-Art 
Decision Heuristics (Simulation 1) 

5.5.3.2 Simulation 2 

The one-way repeated measures ANOVA (applied separately at each con-
trol point) with a Greenhouse-Geisser correction determined that mean 
elicitation efficiency differed significantly between all heuristics for CP1 
(F(1.766, 130.694) = 1126.961, p<.001), CP2 (F(1.604, 118.686) = 
792.293, p<.001), CP3 (F(1.648, 121.982) = 935.815, p<.001), CP4 
(F(1.940, 143.575) = 827.989, p<.001), and CP5 (F(1.861, 137.714) = 
819.073, p<.001). Again, post-hoc tests using the Bonferroni correction 
revealed statistically significant differences between the heuristics. For the 
sake of brevity, the descriptive statistics are omitted here and only the 
results are presented in a ranking notation (the descriptive statistics and 
pairwise comparisons for all control points can be found in Appendix H):  

CP 1: DH5 > DH9 ~ DH4 > DH8 > DH3 ~ DH2 ~ DH6 > DH7 > DH1 

CP 2: DH9 > DH5 > DH4 > DH8 > DH3 > DH6 > DH2 > DH7 > DH1 

CP 3: DH9 > DH5 > DH4 ~ DH8 > DH3 > DH6 > DH7 ~ DH2 > DH1 

CP 4: DH9 > DH5 > DH8 ~ DH4 > DH3 > DH6 > DH7 > DH1 ~ DH2 

CP 5: DH9 > DH5 > DH8 ~ DH4 > DH3 > DH6 > DH7 > DH1 > DH2 

Thus, the corresponding hypothesis H2,A “There is a difference in elicitation 
efficiency when applying decision heuristics compared at different points 
during project runtime” can be accepted. The results for the single control 
points differ only slightly from the results of the first simulation over all 
control points, e.g., DH9 and DH5 are still ranked in the first places and 
DH1 and DH2 mostly in the last. 
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Comparing again the best-performing newly proposed decision heuristic 
DH5 against the state-of-the-art heuristics DH1 and DH2 (see Table 45), 
almost the same results are achieved as in simulation 1. Again, DH5 leads 
to higher elicitation efficiency, with an average of +62% in comparison to 
DH1 and +23% in comparison to DH2, ranging from +11% to +208% 
depending on the control point. 

 CP1 CP2 CP3 CP4 CP5 

Mean Diff SD 

DH1 74.44 494.55 1117.35 1790.33 2398.66 
DH2 168.51 578.6 1148.85 1775.88 2369.55 
DH5 229.15 743.16 1388.39 2054.99 2652.00 

DH5 / DH1 +208% +50% +24% +15% +11% +62% 83% 
DH5 / DH2 +36% +28% +21% +16% +12% +23% 10% 

 CP: Control Point; SD: Standard Deviation 

Table 45.  Comparison between the Best Newly Proposed Decision Heuristic and the State-of-the-Art 
Decision Heuristics (Simulation 2) 

5.5.4 Threats to Validity 

Concerning the validity of the experiment, some threats typically occurring 
when humans are used as subjects can be excluded here (e.g., evaluation 
apprehension, learning effects). Still, there exist some threats to validity 
that shall be discussed. The discussion focuses on the most relevant as-
pects identified from [WRH+00]. 

5.5.4.1 Construct Validity 

Concerning construct validity, one possible threat is the use of the NPV as 
a measure for elicitation efficiency. It is assumed that value and effort can 
be compared directly, even if the value of a system function might not 
directly create monetary benefits that are comparable to effort. To cope 
with this threat, only normalized values were used in the calculations, 
which in turn made it hard to interpret the actually measured numbers of 
the NPV. However, a second measure was utilized in further simulations 
(see section 5.6), which also confirmed the results of the NPV measure. 
Furthermore, there are possible threats regarding the requirements trees 
and their model parameters. A three-level hierarchy is assumed in the sim-
ulations. In practice, this might be common, but hierarchies with only two 
levels or with more than three levels are also conceivable. Further simula-
tions are needed to assess the heuristics on these kinds of trees. To mini-
mize the threat concerning the model parameters, they were set up as 
realistically as possible; however, most of them are only based on Fraun-
hofer IESE’s experience in past projects and a small number of expert in-
terviews (and thus may be biased) and have not been further validated. 
Even though the detected differences in elicitation efficiency are signifi-
cantly valid within this setting, the actual results could differ when repli-
cating the experiment using requirements trees with different parameters. 
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This refers to tree sizes and structure, to elicitation effort for requirements, 
as well as to priorities. However, the additional simulations that were run 
(see section 5.6) showed that the results appear to be valid for many dif-
ferent simulated settings.  

5.5.4.2 Internal Validity 

Besides the already described model parameters, internal validity should 
not be affected by further inferences. 

5.5.4.3 Conclusion Validity 

Concerning conclusion validity, it was assured that all requirements for 
the statistical tests that were applied (repeated measures ANOVA) were 
fulfilled. 

5.5.4.4 External Validity 

Concerning external validity, there are also possible threats regarding the 
content of the requirements trees. The focus was only on requirements 
directly derived from the processes. Other requirements types (e.g., non-
functional requirements for the whole system) are not regarded here. 
Also, reuse of requirements is not regarded (e.g., system functions that 
can be utilized in different business activities). Furthermore, it is assumed 
that the value of a requirement is generated directly and continuously af-
ter the elicitation of a system function is finished. However, value might 
be created only once or at a later point in time (e.g., because actual re-
leases might differ from the elicitation order produced by the heuristics). 
However, in an additional simulation (see section 5.6 and Appendix I), the 
same results could be confirmed also for discrete value generation. There 
is also a threat with respect to the relationship between priority and value. 
The priority might actually differ from the value that can be generated by 
a requirement. For example, the priority might also consist of multiple 
(non-value expressing) criteria and thus might not completely represent 
the value a requirement might generate. Value is an abstract concept and 
thus cannot be transferred directly to financial income, for example. Sim-
ulation model extensions and further simulations are needed to investi-
gate this issue.  

5.5.5 Interpretation and Implications 

The results of this controlled experiment have shown that the usage of 
the right decision heuristic has the potential to make the requirements 
elicitation process more efficient by eliciting the requirements in a more 
valuable order. The best newly proposed heuristic DH5 led to 22% (23% 
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in simulation 2) higher elicitation efficiency, on average, compared to the 
best state-of-the-art heuristic DH2. Compared to the worst state-of-the-
art heuristic DH1, DH5 could even achieve 60% (62% in simulation 2) 
higher elicitation efficiency on average. Noticeably, the intuitive decision 
heuristics (e.g., DH1, DH2) seem to perform very low in contrast to more 
sophisticated ones. This also confirms the results in [POM08], even though 
the simulations there were different. It might be that the simple heuristics 
either “jump” too much between the different processes without gener-
ating value (refining too few system functions at the beginning of a pro-
ject) or, on the other hand, “jump” too little, refining too many system 
functions of the same process and thus not exploiting the higher value of 
other processes. Another interesting insight is that informed heuristics 
that “know” the elicitation effort are even outperformed (esp. DH8) by 
heuristics based only on priorities (DH4, DH5). With regard to DH8, this 
might be the case because the strategy of DH8 is rather simple (just as the 
one of DH1) without complex decisions. This implies that if no elicitation 
effort judgment is at hand, it is still good advice to base decisions on rea-
sonably defined priorities. This is certainly a remarkable result for practi-
tioners working in the areas of BPRE and business process improvement 
and further emphasizes the need for effective prioritization (which is the 
purpose of the BPRE prioritization criteria model already presented in sec-
tion 4.4). Of course, it might be possible that even better decision heuris-
tics exist that were not included in the simulations. However, tests with a 
genetic algorithm indicated that only little improvement seems possible. 

5.6 Model Adaptations and Further Simulations 

In order to evaluate the robustness of the results obtained from the simu-
lation experiment and further evaluate the decision heuristics, additional 
simulations with different model parameters were conducted. These sim-
ulations and their results are described in the next sections. For this, dif-
ferent performance measures besides the NPV were also utilized, which 
will be introduced. 

5.6.1 Additional Performance Measures 

In the controlled experiment described in section 5.5, the NPV was 
adapted and utilized as a performance measure for elicitation efficiency. 
However, it might make sense to use different and additional performance 
measures in order to be able to appraise the benefit of a decision heuristic 
from different perspectives as well as to test the robustness of the 
achieved results. For this purpose, two performance measures were im-
plemented in the simulation tool in addition to the NPV for further simu-
lations. The first performance measure was the integral, which was used 
as an elicitation efficiency measure substitute for the NPV. This was done 
to test the robustness of the results achieved with the NPV. Ideally, the 
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same results should be achieved if the integral is applied. The integral was 
used to calculate the area under the value curve that is generated by the 
elaborated system functions (see Figure 66).  

 

Figure 66.  Area under the Value Curve 

For calculating the integral, the trapezoidal numerical integration method 
[MW15] shown in Equation 13 was used, which calculates the approxi-
mate integral of a function. 

 

 

 

Equation 13. Trapezoidal Numerical Integration Method for Integral 

In the NPV, the value generated by the system functions and the elicitation 
effort spent were subtracted at each period (see Equation 8 in section 
5.3). The major difference of the integral is that generated value and spent 
elicitation effort are not subtracted anymore but are now two separate 
dimensions.  

The second additional measure that was utilized was a complementary 
measure to the NPV and the integral. This measure indicates the practical 
applicability of a decision heuristic by counting the number of context 
switches (i.e., the overhead) during the performance of a decision heuristic 
in a requirements hierarchy. A context switch is defined as a switch during 
elicitation from a requirement in the context of one business process to a 
requirement in the context of another business process. For example, con-
sider the requirements hierarchy in Figure 67. If the elicitation order of the 
decision heuristic is BP1  BA1.1  SF1.1.1  BP2  BA2.1  SF2.1.1 
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 SF1.1.2  SF 1.1.3  SF2.1.2, the number of context switches is cal-
culated to 4 (including the start) at this point of the elicitation process. In 
contrast to the NPV and the integral, a low number of context switches is 
favorable, as this improves the applicability of a decision heuristic in prac-
tice. 

 

Figure 67.  Example Requirements Hierarchy 

5.6.2 Simulation Results and Recommendations 

Using the NPV as well as the additional performance measures, six differ-
ent simulations were performed:  

Simulation with model parameters from the experiment (but addition-
ally applying the new performance measures) 

Simulation of small requirements hierarchies 

Simulation of large requirements hierarchies 

Simulation without consideration of elicitation effort (only considering 
time to value, without effort for personnel resources) 

Simulation of partly elaborated requirements hierarchies (i.e., business 
processes already elaborated before) 

Simulation with discrete value generation of the system functions af-
ter elaboration (instead of continuous value generation) 

The description and the detailed results of these simulations can be found 
in Appendix I. Table 46 summarizes the outcome of all further simulations, 
showing the results for each heuristic according to the NPV, integral, and 
context switch (CS) performance measures. The percentage values in the 
table show the average (Ø) percentage deviation from the mean over all 
simulations. For example, the value of DH1 for the NPV (-25%) indicates 
that on average over all simulations and control points, DH1 has achieved 
a -25% lower NPV than the average of all heuristics.  
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Comparing the two performance measures representing elicitation effi-
ciency (NPV and integral), the results are mostly similar. This means that 
the integral measure has confirmed the results calculated with the NPV. 
The column “Elicitation Efficiency” represents the average of these two 
measures. According to this aggregated measure, DH5, DH9 and DH4 
perform best and DH1, DH7 and DH2 worst.  

In summary, it can be said that the results confirm the results already 
achieved during the controlled experiment. Small differences can be no-
ticed for DH3, which is now ranked below DH6 because of the lower in-
tegral performance measure. Due to the strong performance of DH5 in 
the additional simulations, overall it is slightly better than DH9. Comparing 
the best-performing newly proposed decision heuristic DH5 to the best-
performing state-of-the-art heuristic DH2, a difference of 19% in favor of 
DH5 can be noticed. Compared to the other state-of-the-art heuristic 
DH1, a difference of 41% is observed.  

With regard to the context switches (here, a lower value is better), the 
best heuristic is DH2 with the lowest possible number of context switches. 
DH3, DH4, and DH6 still achieve good results. DH5 achieves a rather av-
erage result for the context switches but is still below the mean. The re-
sults of DH1 and DH7-DH9 are rather poor and far beyond the mean, 
whereas DH1 achieves the worst result.  

 NPV Ø Integral* Ø Elicitation Efficiency Ø  CS Ø 
DH1 -25% -25% -25% +90% 
DH2 -3% -3% -3% -93% 
DH3 0% -5% -2% -65% 
DH4 +13% +11% +12% -66% 
DH5 +17% +15% +16% -13% 
DH6 -3% 0% -1% -52% 
DH7 -16% -13% -14% +84% 
DH8 +2% +5% +3% +64% 
DH9 +14% +15% +14% +52% 

*Without Result of Simulation with Discrete Value Generation 

Table 46.  Summary of All Simulation Results for All Performance Measures 

The results achieved by all simulations have shown that the performance 
of the decision heuristics does not vary strongly even if several of the con-
text parameters change. This allows drawing the conclusion that the de-
cision heuristics are sufficiently robust (with regard to their performance) 
to changes in the context to which they are applied. Of course, these re-
sults are only valid for the respective context that was represented in the 
simulation model. Further simulations are necessary to measure the per-
formance of the heuristics in different or changed contexts.  

With regard to a recommendation, DH4 seems to be the best compromise 
between elicitation efficiency and context switches. DH4 has a much 
lower number of context switches than DH5, but is slightly worse in terms 
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of elicitation efficiency. In terms of applicability in practice, one might pre-
fer choosing DH4 and renounce the better performance of DH5 in order 
to keep the number of context switches low. However, if maximum per-
formance shall be achieved, DH5 is a good choice.  

Only if elicitation efficiency is of no interest and context switches need to 
be kept at the lowest possible level can the state-of-the-art heuristic DH2 
be recommended.  

As DH8 and DH9 were implemented as informed (reference) heuristics, 
they cannot be recommended for use in practice. Nevertheless, they per-
form poorly in context switches and are outperformed by DH4 and DH5 
(DH8 even for elicitation efficiency).  

DH1, DH3, DH6, and DH7 cannot really be recommended based on the 
results of the simulation, as they do not have any real advantage over 
DH2, DH4 or DH5. 

5.7 Summary 

This chapter presented how decision heuristics can be applied during in-
cremental requirements elicitation in BPRE in order to guide the elicitation 
in a valuable order. To this end, the state of the art was discussed, where 
some basic decision heuristics can be found. Based on these basic heuris-
tics, adapted heuristics as well as some completely new heuristics were 
developed. These heuristics were implemented in a simulation tool to al-
low performing simulation in BPRE requirement hierarchies. A controlled 
simulation experiment as well as further simulations have shown that the 
newly created heuristics perform significantly better than the basic state-
of-the-art heuristics and thus confirmed the second main hypothesis of 
this thesis (see Table 47). 

Thesis Hypotheses Confirmed 
MH1. Prioritization Effectiveness & Efficiency 
The usage of the prioritization approach in BPRE will result in more effective 
and efficient prioritization compared to the state of the art. 

yes 

MH2. Valuable Elicitation (Elicitation Efficiency) 
The usage of the prioritization approach in BPRE will result in higher require-
ments elicitation efficiency (i.e., elicitation of requirements in a more valua-
ble order) compared to state-of-the-art elicitation orders. 

yes 

Table 47.  Evaluation of the Hypotheses of this Thesis 

Furthermore, it was shown that the performance of the heuristics does 
not vary strongly if the context parameters change. Thus, based on these 
results, recommendations could be made as to which heuristic to use in 
practice. Table 48 summarizes which decision heuristic can be recom-
mended based on the context and goals of a project.  
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Context 
Advisable Decision Heuristic 

Elicitation Efficiency Context Switches 
Of highest importance Not problematic DH5. Remaining Value Global All 
Of high importance To be kept rather low DH4. Remaining Value Global 
Of low importance To be kept at a minimum DH2. System Functions First 

Table 48.  Recommended Decision Heuristics for Use in Practice 
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6 The BPRE Prioritization Process 

“Knowing is not enough; we must apply. 
Willing is not enough; we must do.”   

Johann Wolfgang von Goethe 

As already described in section 1.3, the solution idea of this thesis is to 
provide a systematic prioritization approach using a BPRE prioritization cri-
teria model as well as decision heuristics for determining a more valuable 
elicitation order in adaptive incremental BPRE. 

 

 

Figure 68.  The Prioritization Process within the BPRE Prioritization Approach 

In this chapter, the actual prioritization process for adaptive incremental 
BPRE elicitation (BPRE prioritization process) will be described that inte-
grates the results already discussed in the previous chapters of this thesis 
(see Figure 68). Thus, it utilizes the BPRE prioritization criteria model de-
scribed in chapter 4 as well as the decision heuristics proposed as a result 
of the studies described in chapter 5. It mainly deals with the interplay 
between the prioritization and elicitation activities during an adaptive in-
cremental BPRE elicitation process, as already shown in the foundations in 
section 2.6.1 (see Figure 69). This sequence of activities is denoted as the 
BPRE prioritization process. The BPRE prioritization process abstracts from 
any specific requirements elicitation technique (e.g., business process elic-
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Preparation Phase Requirements Elicitation Phase

Activity Input / 
Output

Aktivität HSA2. Urlaubsantrag ändern 

Akteur Mitarbeiter 

Kurzbeschreibung Der Akteur ändert einen bestehenden Urlaubsantrag ab, um den geplanten 
Urlaub an eine veränderte Situation anzupassen. Dabei plausibilisiert das 
System automatisch die Eingaben des Akteurs gegen das Urlaubskonto sowie 
bestehende Regeln, um Korrektheit und Vollständigkeit der Angaben zu 
gewährleisten. 

Ablauf  1. Der Akteur öffnet einen bestehenden Urlaubsantrag. 
2. Der Akteur ändert die Daten des Urlaubsantrags ab. 
3. Das System prüft die Eingaben gegen bestehende Geschäftsregeln. 
4. Werden Regelverletzungen erkannt, fordert das System den Akteur 

solange auf seine Eingaben zu korrigieren, bis keine Regelverletzung mehr 
vorliegt. 

5. Der Akteur sendet den geänderten Urlaubsantrag ab. 
6. Das System bricht den vorherigen Urlaubsantrag ohne 

Kompensationsmaßnahmen ab, d.h. alle Buchungen des bisherigen 
Urlaubsantrags bleiben zunächst erhalten.  

7. Das System benachrichtigt den zuständigen Personalbetreuer über den 
vorliegenden, geänderten Urlaubsantrag. 

8. Das System leitet den Urlaubsantrag weiter. 

Ausnahmen keine 

Geschäftsregeln §1. Es können nur Urlaube geändert werden, die noch ausstehen oder noch 
nicht begonnen sind. 

Qualitäts-
anforderungen 

keine 

Aktivität HSA2. Urlaubsantrag ändern 

Akteur Mitarbeiter 

Kurzbeschreibung Der Akteur ändert einen bestehenden Urlaubsantrag ab, um den geplanten 
Urlaub an eine veränderte Situation anzupassen. Dabei plausibilisiert das 
System automatisch die Eingaben des Akteurs gegen das Urlaubskonto sowie 
bestehende Regeln, um Korrektheit und Vollständigkeit der Angaben zu 
gewährleisten. 

Ablauf  1. Der Akteur öffnet einen bestehenden Urlaubsantrag. 
2. Der Akteur ändert die Daten des Urlaubsantrags ab. 
3. Das System prüft die Eingaben gegen bestehende Geschäftsregeln. 
4. Werden Regelverletzungen erkannt, fordert das System den Akteur 

solange auf seine Eingaben zu korrigieren, bis keine Regelverletzung mehr 
vorliegt. 

5. Der Akteur sendet den geänderten Urlaubsantrag ab. 
6. Das System bricht den vorherigen Urlaubsantrag ohne 

Kompensationsmaßnahmen ab, d.h. alle Buchungen des bisherigen 
Urlaubsantrags bleiben zunächst erhalten.  

7. Das System benachrichtigt den zuständigen Personalbetreuer über den 
vorliegenden, geänderten Urlaubsantrag. 

8. Das System leitet den Urlaubsantrag weiter. 

Ausnahmen keine 

Geschäftsregeln §1. Es können nur Urlaube geändert werden, die noch ausstehen oder noch 
nicht begonnen sind. 
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itation workshops for eliciting business process flows, interview tech-
niques for eliciting more detailed requirements, creativity techniques for 
eliciting innovative requirements [PR11]) and thus does not prescribe how 
to elicit or document the different requirements during elicitation. This is 
in line with the concept of TORE, as presented in section 2.4. With regard 
to elicitation, the process only highlights the information that is needed 
to perform the prioritization. Earlier versions of this process have been 
published in [RAU10] and [Rie13b]. 

Figure 69. Activities related to Prioritization in the Adaptive Incremental Elicitation Process 

In the following sections, the BPRE prioritization process will be presented. 
The process activities will be described in detail together with the input 
they require, the output they produce, and the tool support that is availa-
ble for partly automating the activities. An example application of the pro-
cess will be described using the motivating scenario introduced in section 
1.3. The chapter closes with the description of a feasibility study in which 
the prioritization process was applied. 
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6.1 Research Approach 

The basis for defining an initial version of the BPRE prioritization process 
(1) were the foundations (i.e., the work on integrating prioritization and 
elicitation in the incremental setting), the requirements derived for the 
prioritization approach in the BPRE setting (i.e., Req. 1- Req. 5 from sec-
tion 2.6.2), as well as early research concepts of the process [RAU10] (see 
Figure 70). In the next step (2), the resulting initial BPRE prioritization pro-
cess [Rie13b] was presented to and discussed with the community in 
workshops and at conferences as well as with industry experts and con-
tinuously with requirements engineering experts at Fraunhofer IESE. The 
gathered input was used to adapt the process based on the feedback (3). 
Furthermore, the parallel work on the other artifacts of this thesis (e.g., 
the decision heuristics) led to new insights, making further adaptations of 
the process necessary. Based on the (final) adapted process, the BPRE pri-
oritization tool was developed. It supports and automates some of the 
process activities (4). Finally, the process and the tool were applied in a 
feasibility study at Fraunhofer IESE in order to obtain further feedback re-
garding their practical applicability (5). 

 

Figure 70.  Research Approach for BPRE Prioritization Process Definition 
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6.2 Process Overview 

Figure 71 shows an overview of the activities of the prioritization process.  

 

Figure 71.  The BPRE Prioritization Process in BPMN Notation 

In the first activity (1) of the preparation phase, a set of business processes 
is identified, which are determined by the organizational goals and goals 
of the software development project. In the second activity (2), the prior-
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to be used during prioritization in the project are selected based on these 
goals as well as on the identified business processes. Furthermore, the 
decision heuristic that is going to be applied to make refinement decisions 
during requirements elicitation is also selected. In the third activity (3), the 
prioritization criteria are weighted based on the project goals. In the next 
activity (4), the actual prioritization and application of the decision heuris-
tic takes place based on the newly identified requirements (initially, based 
on the set of identified business processes). During this step, a refinement 
decision is made (by utilizing the decision heuristic) regarding which of the 
requirements to elaborate next. This requirement is then elaborated (i.e., 
refined) in the subsequent activity (5). Based on the elaborated require-
ment in activity (5), more fine-grained requirements are identified in activ-
ity (6). Activities (4) – (6) are repeated until the requirements hierarchy has 
been elaborated completely. 

Preparation Phase
Started

(2) Selection of 
Prioritization Criteria 
& Decision Heuristic

(3) Weighting 
of Selected 

Prioritization 
Criteria

(1) Identification 
of Business 
Processes*

(4) 
Prioritization of 

Identifed 
Requirements

(5) Elaboration 
of Selected 

Requirement
Requirements

Elicitation
Phase Finished

Elicitation
completed?

yes

BPRE Prioritization
Criteria Model

Selected
Prioritization Criteria

Project & 
Organizational 

Goals

Weighted
Prioritization 

CriteriaIdentified 
Prioritizable

Requirements

Selected Prioritized 
Requirement

for Elaboration 

Selected 
Decision
Heuristic

Decision
Heuristics

Elaborated Prioritized
Requirement

Requirements
Elicitation

Phase Started

(6) 
Identification 

of Derived 
Requirements

*Business processes are used as prioritizable requirements on the highest level of abstraction

Artifact

Activity

Events

Legend:

no

Prioritized
Requirements

Prepration 
Phase

Requirements 
Elicitation 
Phase



 The BPRE Prioritization Process 

  181 

6.3 Process Activities and Tool Support 

In this section, the detailed process activities of the BPRE prioritization pro-
cess will be presented. For each activity, the purpose, the actual proce-
dure, as well as the required input for and the resulting output of the 
activity are described. Furthermore, tool support for partly automating the 
different activities as well as an example application of the process will be 
shown. 

6.3.1 Preparation Phase 

To perform the prioritization activities and make the requirements refine-
ment (i.e., elaboration) decisions, several preparatory activities are neces-
sary. These activities are performed in the Preparation Phase prior to the 
actual Requirements Elicitation Phase (see section 6.3.2). With regard to 
TORE, all activities are related to the decision points on the “Project Level”. 
In the following, the activities of the preparation phase will be described. 

6.3.1.1 Activity 1: Identification of Business Processes15 

Purpose. The purpose of this activity is to identify an initial set of priori-
tizable requirements on the highest level of abstraction, i.e., a set of busi-
ness processes. To perform the prioritization process, it is sufficient to 
identify the business processes without any details. Often, the business 
processes are already predefined by the project scope. The elaboration is 
done in subsequent activities according to the order given by the applica-
tion of the decision heuristic. With regard to TORE, this activity is related 
to the decision points on the “Project Level”, especially the decision point 
“Addressed Tasks & Processes”. 

Input. Set of Project and Organizational Goals 

Procedure. The activity is performed by a requirements engineer together 
with the project stakeholders (e.g., in a workshop or interview) according 
to the following procedure: 

Activity  1 – Identification of Business Processes  

1) According to the project and organizational goals, identify the business 
processes that are relevant for the system development project, i.e., that 
are going to be supported by IS.  

                                                      
15 The description of this activity is intentionally kept abstract and brief, as the purpose of the prioritization pro-
cess is not to describe how to elicit the different requirements during elicitation. Only basic information is de-
scribed that is needed to perform the actual prioritization.  
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2) Create a list of requirements  uniquely identifying the relevant business 
processes. This list represents the initial requirements backlog from which 
requirements will be selected and subsequently elaborated.  

Output. Set of Identified Business Processes (= Identified Prioritizable re-
quirements) 

6.3.1.2 Activity 2: Selection of Prioritization Criteria & Decision Heuristic 

Purpose. The purpose of this activity is to select a set of suitable prioriti-
zation criteria from the BPRE prioritization criteria model as well as an ap-
propriate decision heuristic for the prioritization. The prioritization criteria 
are needed in order to effectively prioritize the requirements during re-
quirements elicitation. The decision heuristic is needed in order to make a 
refinement decision on which requirement to elaborate next during the 
elicitation. With regard to TORE, this activity is related to the decision 
points on the “Project Level”. 

Input. Set of Project & Organizational Goals, BPRE Prioritization Criteria 
Model, Set of Decision Heuristics, Set of Identified Business Processes (= 
Identified Prioritizable Requirements) 

Procedure. The activity is performed by a requirements engineer together 
with the project stakeholders (e.g., in a workshop or interview) according 
to the following procedure: 

Activity  2 – Selection of Prioritization Criteria & Decision Heuristic  

Guiding question for criteria selection: Which criteria are needed to determine 
the value of the requirements with respect to the project and organizational 
goals? 

1) Create a mapping between the set of project / organizational goals  and 
the set of prioritization criteria of the BPRE prioritization criteria model to 
identify a set of relevant prioritization criteria : 

a. For each prioritization criterion  in the BPRE prioritization criteria 
model, determine the relevance of the criterion for each goal  
by considering the guiding question for criteria selection. Create 
a link from each criterion  to goal  if it is deemed relevant. 
Indicate the strength of the relevance (e.g., high, medium, low). 
At least one criterion of the “Benefits” category should be se-
lected, as otherwise the value of a requirement might not be rep-
resented appropriately. 

2) Optional: Perform a creativity workshop to identify new or adapted criteria 
based on the prioritization criteria in the model. This could be done, for 
example, by performing a 6-3-5 brainwriting [Bay05] session, using priori-
tization criteria from the model as a starting point.  



 The BPRE Prioritization Process 

  183 

3) Reduce the set of identified relevant prioritization criteria  to a man-
ageable number (as a recommendation, the number of prioritization crite-
ria selected for prioritization should not exceed five criteria, as otherwise 
the prioritization effort is too high). 

This can be done according to the following guidelines: 

a. Sort out criteria of  that cannot be assessed independent from 
each other in the current project context. For example, if “imple-
mentation cost” and “testing cost” cannot be assessed inde-
pendently in the project context, sort out one of them. 

b. Consider the defined strength of relevance of the criteria  for 
the project goals . If there are criteria of high relevance, sort out 
all criteria of  that are only of medium or low relevance. 

c. In order to reduce the set of identified relevant prioritization cri-
teria  further, consider the set of identified business processes 
in the requirements backlog  from the previous process activity. 
For each criterion  in the set of identified relevant prioritization 
criteria , check if it can be used to distinguish between the 
business processes. Sort out the criteria that cannot be used to 
distinguish between the business processes (i.e., all business pro-
cesses would be rated on the same level using the criterion). 

d. In order to reduce the set of identified relevant prioritization cri-
teria  further, consider the importance and ease of assessment 
of these criteria as provided in the BPRE prioritization criteria 
model (indicated by the industry expert rating). The criteria 
ranked most important and easiest to assess should be favored 
over criteria ranked less important and more difficult to assess. 
Sort out the criteria that are less important and more difficult to 
assess. 

4) Select a decision heuristic from the set of decision heuristics based on the 
project goals. 

The decision heuristic can be chosen according to the following guidelines: 

a. If elicitation efficiency is of the highest importance and context 
switches (between different business processes) during the elici-
tation process are deemed to be not much of a problem (negligi-
ble), it is advisable to apply DH5 (Remaining Value Global All) in 
order to achieve the highest elicitation efficiency. 

b. If elicitation efficiency is of high importance and the number of 
context switches is to be kept rather low (i.e., because they are 
deemed to be rather problematic), it is advisable to apply DH4 
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(Remaining Value Global) in order to achieve a good balance be-
tween high elicitation efficiency and a rather low number of con-
text switches. 

c. If elicitation efficiency is of low importance and the number of 
context switches is to be kept at a minimum (i.e., because they 
are deemed to be very problematic), it is advisable to apply DH2 
(System Functions First) in order to achieve the lowest number of 
context switches. 

Output. Set of Selected Prioritization Criteria, Selected Decision Heuristic 

6.3.1.3 Activity 3: Weighting of Selected Prioritization Criteria 

Purpose. The purpose of this activity is to define a weight for each prior-
itization criterion. Weighting is needed as not all criteria might be of the 
same importance for the respective project context. Weighting is utilized 
to calculate the priority of the requirements. With regard to TORE, this 
activity is related to the decision points on the “Project Level”. 

Input. Set of Project & Organizational Goals, Set of Selected Prioritization 
Criteria, Set of Identified Business Processes (= Identified Prioritizable Re-
quirements) 

Procedure. The activity is performed by a requirements engineer together 
with the project stakeholders (e.g., in a workshop or interview). The in-
dustry expert importance ranking in the BPRE prioritization criteria model 
may be used to facilitate the determination of the weights. One possibility 
to perform the activity and derive weightings for the prioritization criteria 
is to use the Swing method [EW03] [BB07]. This is done according to the 
following procedure: 

Activity  3 – Weighting of Selected Prioritization Criteria  

Given are a set of requirements  (i.e., the backlog of business processes) and 
a set of relevant prioritization criteria . Let  be the number of prioritization 
criteria. A requirement is represented by the vector , whereas the 
r  represent the values of the prioritization criteria  for requirement . 

1) Determine the best ( ) and worst value ( ) of each prioritization criterion 
over the set of requirements . 

2) Create an artificial worst-case requirement , which has the worst value 
for each prioritization criterion: 

 

3) Create  artificial requirements r  
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which have the worst value for  prioritization criteria and the best value 
for the remaining prioritization criterion  with (each require-
ment for a different ).  

4) Assign 100 points to the most important fictional requirement of the  
and 0 points to   

This is done according to the decision maker’s choice, for example by de-
riving it from the project goals. 

5) Assign points to the remaining fictional requirements of the  such that 
the value differences are represented correctly. 

6) Let  denote the assigned points, then calculate the weights   by nor-
malization according to Equation 14. 

 

Equation 14. Calculation of Prioritization Criteria Weights 

Output. Set of Weighted Prioritization Criteria 

6.3.2 Requirements Elicitation Phase 

After the activities of the Preparation Phase have been finished, the Re-
quirements Elicitation Phase can be performed. The activities of the Re-
quirements Elicitation Phase are performed iteratively until all require-
ments of the requirements hierarchy have been elaborated completely. 
With regard to TORE, the activities of the Requirements Elicitation Phase 
are related to the decision points on the “Business Level” and the “Inter-
action Level”. 

6.3.2.1 Activity 4: Prioritization of Identified Requirements 

Purpose. The purpose of this activity is to prioritize the requirements by 
utilizing the weighted prioritization criteria and applying the selected de-
cision heuristic to the prioritized requirements in order to determine which 
of the requirements to elaborate next. With regard to TORE, this activity 
is related to the decision points on the “Business Level” and the “Interac-
tion Level”, depending on the abstraction level of the requirements to be 
prioritized. 

Input. Set of Identified Prioritizable Requirements, Set of Weighted Prior-
itization Criteria, Selected Decision Heuristic, Set of (already) Prioritized 
Requirements 
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Procedure. As already presented in section 3.3.5 there are several possi-
bilities to perform the actual prioritization (i.e., assessment and priority 
calculation) of the requirements. However, this activity describes the ap-
plication of the adapted version of VOHCV [MEW08], respectively HCV 
[BJ06], which combines the rating procedure of HCV (i.e., distributing 
points) and the calculation scheme of VOHCV for multiple criteria as al-
ready discussed in section 3.3.5. The activity is performed by a require-
ments engineer together with the project stakeholders (e.g., in a work-
shop or interview) according to the following procedure: 

Activity  4 – Prioritization of Identified Requirements  

1) Determine the requirements in the backlog of requirements  that have 
been identified but not prioritized yet. This set of requirements  repre-
sents the prioritization block to be prioritized. If all requirements are al-
ready prioritized due to a previous iteration of the process, continue with 
the application of the decision heuristic in step 7. 

The requirements to prioritize are either the initial set of identified business 
processes or a newly identified set of prioritizable requirements identified 
in Activity 6 during a previous iteration of the process (see section 6.3.2.3). 
If a system function was elaborated in the previous iteration of the process 
(i.e., the elaboration was on the lowest abstraction level), no requirements 
need to be prioritized (because this means that no new requirements were 
identified). 

2) Identify the stakeholders that are needed for assessing the requirements 
 with respect to the relevant prioritization criteria .  

Depending on the type of criterion (and requirement), different stakehold-
ers need to be consulted. For example, cost criteria may be assessed by a 
development team, whereas benefits criteria may be assessed by the busi-
ness process owner. Optionally, different stakeholders may prioritize all cri-
teria independently (see step 5). 

3) Prioritize the requirements  by distributing 100 points16 for each priori-
tization criterion in  over the requirements. 

This corresponds to the assignment of points as proposed in HCV and de-
scribed in section 3.3.2, except that the points are assigned to each prior-
itization criterion in  as in VOHCV [MEW08].  

The points are assigned according to the following guideline: 

 

                                                      
16 Optionally, the distribution rate may be changed to a different value, e.g. 1000, if a higher number of re-
quirements needs to be prioritized. Typically, the standard rate of 100 is sufficient. 
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a. For qualitative assessment:  

Compare all requirements  with regard to the prioritization cri-
terion and to the parent requirement (at the business process 
level, the project can be seen as the root requirement). Assign a 
portion of the 100 points to each requirement with respect to 
the prioritization criterion and the parent requirement in relation 
to the other requirements in . This can be done, for example, 
by determining the requirement that is deemed to be of the high-
est value and assigning a number to it (e.g., 40 points). Then the 
other requirements are assigned the remaining points in relation 
to this requirement. The criteria are always rated with the as-
sumption “more points are better”. This means, for example, that 
criteria from the category “Costs” are rated with high values if 
they have low costs.  

b. For quantitative assessment:  

Measure or determine the quantitative values  for each re-
quirement  in  with respect to the prioritization criterion  
(e.g., “1000 times / month” for frequency of use). After the quan-
titative values have been determined for all requirements in , 
they need to be mapped to the qualitative values  using the 
distribution rate  of 100 points as shown in Equation 15 (with  
the number of requirements in ). 

 

Equation 15. Mapping of Quantitative Values 

4) Calculate the assigned priority  of each requirement in  according to 
Equation 16 (the  represent the values of the prioritization criteria  
for requirement  the  represent the weights of the prioritization criteria 

 and  the number of criteria). 

 

Equation 16. Assigned Priority 

Basically, this is similar to the calculation of the business values of VOHCV 
[MEW08]; however, it corresponds to a simple additive model [EW03] that 
does not consider hierarchically structured prioritization criteria in order to 
avoid double weighting (as discussed at the end of section 3.3.2 and in 
section 3.3.5). 
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5) Optional: If  multiple stakeholders shall perform the prioritization inde-
pendently, repeat steps 3 & 4 for each stakeholder and calculate the overall 
assigned priority  using a weighted stakeholder rating [BJ06]. 

This can be done using the calculated assigned priorities  of each stake-
holder  as shown in Equation 17. 

 

Equation 17. Assigned Priority with Multiple Stakeholders 

6) Calculate the final priority  of each requirement in . 

To do so, the assigned priority  of requirement  is divided by the distri-
bution rate  to obtain its normalized priority  in the respective prioriti-
zation block. Then the normalized priority is multiplied with the final prior-
ity of the parent requirement (if not at the highest abstraction level of the 
hierarchy, i.e., the business process level; if at the highest abstraction level, 
the normalized priority  already equals the final priority ) to obtain its 
final priority   (see Equation 18, with  being a function that returns the 
parent for a given requirement ). 

 

Equation 18. Final Priority 

7) Apply the selected decision heuristic to the set of prioritized requirements 
 in the backlog. By applying the decision heuristic, the requirement that 

shall be elaborated next is determined.  

Output. Set of Prioritized Requirements, Selected Prioritized Requirement 
for Elaboration 

6.3.2.2 Activity 5: Elaboration of Selected Requirement17 

Purpose. The purpose of this activity is to elaborate the requirement that 
was selected in the previous activity in order to be able to identify require-
ments on a lower abstraction level, if possible. With regard to TORE, this 
activity is related to the decision points on the “Business Level” and the 
“Interaction Level”, depending on the abstraction level of the require-
ments to be prioritized. 

                                                      
17 The description of this activity is intentionally kept abstract and brief, as the purpose of the prioritization pro-
cess is not to describe how to elicit the different requirements during elicitation. Only basic information is de-
scribed that is needed to perform the actual prioritization. 
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Input. Selected Prioritized Requirement for Elaboration 

Procedure. The activity is performed by a requirements engineer together 
with the project stakeholders (e.g., in a workshop or interview): 

Activity  5 – Elaboration of Selected Requirement  

1) Elaborate the details of the requirement that was selected with the help of 
the decision heuristic in the previous activity. 

The elaboration of a business process could be done by eliciting its work-
flow with all its branches, for example. The elaboration of a human-system 
activity could be done by eliciting the interaction flow between the user 
and the system, including its alternate flows as described by a textual use 
case [PR11], for example. The elaboration of a system function could be 
done by eliciting concrete details of the system function, for example de-
tails of the procedure of the function, as well as input and output data. 

2) Remove the elaborated requirement from the set of requirements  in the 
backlog. 

Output. Elaborated Prioritized Requirement 

6.3.2.3 Activity 6: Identification of Derived Requirements18 

Purpose. The purpose of this activity is to identify a set of prioritizable 
requirements derived from the elaborated requirement from the previous 
activity. In this activity, it is sufficient to identify the requirements without 
any details. Often, this activity is directly done in parallel to the previous 
elaboration activity. Identification is needed to separate the fine-grained 
requirements from the parent requirement in order to prioritize and elab-
orate them in subsequent activities. With regard to TORE, this activity is 
related to the decision points on the “Business Level” and the “Interaction 
Level”, depending on the abstraction level of the requirements to be pri-
oritized. 

Input. Elaborated Prioritized Requirement 

Procedure. The activity is performed by a requirements engineer together 
with the project stakeholders (e.g., in a workshop or interview) according 
to the following procedure: 

 

 
                                                      
18 The description of this activity is intentionally kept abstract and brief, as the purpose of the prioritization pro-
cess is not to describe how to elicit the different requirements during elicitation. Only basic information is de-
scribed that is needed to perform the actual prioritization. 
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Activity  6 – Identification of Derived Requirements  

1) If all requirements from the backlog have been elaborated, the require-
ments elicitation phase is completed and the process ends. 

2) If at the lowest abstraction level of the requirements hierarchy (i.e., if the 
elaborated requirement from the previous process activity is a system func-
tion): go back to Activity 4 (no new requirements are identified from sys-
tem functions).  

3) If not at the lowest level of abstraction: identify and separate fine-grained 
requirements from the elaborated requirement from the previous process 
activity by creating a list uniquely identifying them. 

The identification of derived requirements concerning a business process 
is a list of the human-system, system-system, and system activities of the 
business process. The identification of derived requirements concerning a 
human-system activity is a list of its invoked system functions. 

4) Add the newly identified requirements to the set of requirements  in the 
requirements backlog and go back to Activity 4. 

Output. Set of Identified Prioritizable Requirements 

In the next section, the BPRE prioritization tool is described, which partly 
automates the activities of the BPRE prioritization process. 

6.3.3 Tool Support 

In order to facilitate the prioritization steps of the process, the BPRE prior-
itization tool was developed. The tool was developed in C# using the Win-
dows Presentation Foundation (WPF) framework for presentation issues 
and Telerik Data Access for storing different projects and their require-
ments in the database.  

When creating a new project, the tool supports the selection of prioritiza-
tion criteria (the first part of the process activity “Selection of Prioritization 
Criteria & Decision Heuristic”) as well as the activity “Weighting of Se-
lected Prioritization Criteria” in the criteria selection screen (see Figure 72). 
It provides the complete set of prioritization criteria of the BPRE prioritiza-
tion criteria model according to their categories (1), as well as descriptions 
and the expert assessment values (2). An arbitrary number of prioritization 
criteria can be selected for use in a project. For the weighting procedure, 
there is no concrete tool support. After having weighted the criteria man-
ually, the final weights can be entered into the BPRE prioritization tool for 
use in a project (3). 
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Figure 72.  The BPRE Prioritization Tool: Criteria Selection Screen 

In the main screen of the tool (see Figure 73), the selection of the decision 
heuristic (i.e., the second part of the activity “Selection of Prioritization 
Criteria & Decision Heuristic”) can be done (1). The tool provides the three 
decision heuristics proposed in the prioritization process (i.e., DH5. Re-
maining Value Global All, DH4. Remaining Value Global, and DH2. System 
Functions First). Identified requirements (i.e., the initial set of business pro-
cesses or requirements derived during the activity “Identification of De-
rived Requirements”) can be entered into a three-level requirements hier-
archy (2). The requirements are listed with their names, their priority, and 
their elaboration status and are entered automatically into the project 
backlog (3).  

 

Figure 73.  The BPRE Prioritization Tool: Main Screen 
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For the “Prioritization of Identified Requirements” activity, the tool sup-
ports the calculation according to the adapted VOHCV as described in 
section 6.3.2.1. Optionally, the distribution rate can be chosen (4), which 
defines the maximum number of points that can be distributed for each 
criterion over the requirements in the respective prioritization block. The 
points can be assigned in the columns in the center of the screen (5). A 
plausibility check prevents assigning more points than the distribution rate 
allows (6). The tool automatically calculates the final priority of the re-
quirements. After all requirements have been prioritized, the selected de-
cision heuristic can be applied to the prioritized requirements in the back-
log (7). A plausibility check is done by the tool before running the decision 
heuristic and the resulting requirement to be elaborated next is shown (8). 
Requirements elaborated during the activity “Elaboration of Selected re-
quirement” can be marked using a checkbox in the requirements hierar-
chy (9). Requirements marked as elaborated are automatically removed 
from the requirements backlog and are not regarded anymore when the 
decision heuristic is applied. The tool thus supports the complete prioriti-
zation steps of the BPRE prioritization process. It is especially helpful for 
applying the decision heuristic to the requirements hierarchy, as perform-
ing this step manually on a large requirements set is not manageable an-
ymore. 

6.3.4 Example Application of the Process 

In this section, an example application of the BPRE prioritization process is 
presented. The example depicts a typical application of the BPRE prioriti-
zation process in a project setting. The purpose of the example is to pro-
vide some hands-on information for the usage of the process as well as to 
demonstrate the elicitation order resulting from the continuous applica-
tion of prioritization and a decision heuristic. However, the example is 
greatly simplified compared to a real-world scenario as the requirements 
hierarchy is small (for example, it is assumed that the presented business 
processes only include four business activities). The full benefits of the 
BPRE prioritization approach can be exploited in larger requirements hier-
archies, such as those described and simulated for the evaluation of the 
decision heuristics as discussed in chapter 5 of this thesis. The example 
describes the activities of the preparation phase as well as the first twelve 
iterations of the requirements elicitation phase of the BPRE prioritization 
process in order to provide a good impression of the resulting elicitation 
order (during the first twelve iterations, the elicitation switches between 
different business processes, for example). For the example, the context 
of the motivating scenario already introduced in section 1.3 is used: 

A large organization has decided to optimize some of its administrative 
business processes (e.g., the purchasing process, invoicing and invoice 
payment processes, the travel application process for managing business 
trips) by using an already established BPMS solution. Every day, high costs 
are incurred due to inefficiencies in these processes such as manual (non-
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IT-supported) tasks and the use of outdated systems. Because of this, the 
employees working in the respective processes are not very satisfied with 
their daily work.  

A requirements engineer from the organization is asked to analyze these 
business processes and derive requirements for implementation in the 
BPMS solution. As the development cycles for the BPMS solution are short 
and new features can be released continuously, the requirements engi-
neer uses an adaptive incremental elicitation process to elicit the require-
ments and continuously deliver them to the development team for reali-
zation. To determine the most valuable requirements and a valuable elici-
tation order, the requirements engineer uses the BPRE prioritization pro-
cess during requirements elicitation.   

6.3.4.1 Preparation Phase 

Process Activity 1: Identification of Business Processes 

In the first step, the requirements engineer identifies the business pro-
cesses that are relevant for the project goals. As a result, six business pro-
cesses are identified that need to be analyzed and shall be optimized with 
the help of IS (see Figure 74). 

 

Figure 74.  Example: Identified Business Processes in the Project Scope 

Process  Activity 2: Selection of Prioritization Criteria & Decision 
Heuristic 

In the second step, the requirements engineer uses the BPRE prioritiza-
tion criteria model to discuss with management the most relevant priori-
tization criteria with respect to the project goals. Based on the project 
goals, eight relevant criteria can be identified (see Table 49). As only 
three criteria (cost reduction, complexity reduction, and end user satis-
faction) are rated as being of high importance (H) for determining the 
value of the requirements with respect to the project goals, these criteria 
are selected for the prioritization process. The criterion cost reduction 
shall be determined quantitatively by expressing the cost savings in euro.  
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Project Goal Identified Criteria 
G1: Reduce costs Cost reduction (H) 

Efficiency / productivity improvement (M) 
Effectiveness improvement (M) 
Performance improvement (M) 
Complexity reduction (H) 
Frequency of use (M) 
Need for change (M) 

G2: Improve employee satisfaction End user satisfaction (H) 

Table 49.  Example: Identified Relevant Prioritization Criteria  

Furthermore, the requirements engineer decides to use the decision heu-
ristic DH4 (Remaining Value Global) to determine the elicitation order, as 
it represents the best balance between high elicitation efficiency and low 
number of context switches.   

Process Activity 3: Weighting of Selected Prioritization Criteria 

In the next step, the requirements engineer works with management to 
determine the weighting of the prioritization criteria using the Swing 
method [EW03] as proposed in the BPRE prioritization process. To do so, 
the worst and best values for the chosen criteria must be determined. This 
is done by using the set of identified business processes and determining 
the worst and best values with respect to this set. For example, the best 
value for cost reduction is determined by the business process that can 
achieve the highest cost reduction if implemented. Management believes 
that the highest cost reduction can be achieved for the invoice payment 
process with €100,000 due to the reduction of inefficiencies in current 
work procedures and thus, the best value is set to €100,000 (see Table 
50). The process with the least cost reduction is deemed to be the pur-
chasing process with €10,000. Thus, the worst value is set to €10,000.  

The same is done for complexity reduction and end user satisfaction, 
which are assessed qualitatively on a scale from one (lowest value) to ten 
(highest value). For example, the highest end user satisfaction is deemed 
to be achieved in the invoice payment process with the maximum of ten 
points (because the users are very dissatisfied with their current work), 
whereas the lowest is deemed to be achieved in the invoicing process with 
one point (i.e., almost no end user satisfaction can be achieved by the new 
information system for this process). For complexity reduction, the worst 
value is set to 4 (i.e., even for the process with the lowest value, some 
complexity reduction is still deemed to be achievable). 

End User Satisfaction Cost Reduction Complexity Reduction 
Best Value Worst Value Best Value Worst Value Best Value Worst Value 

10 1 €100,000 €10,000 10 4 

Table 50.  Example: Criteria Weighting (Best and Worst Values) 
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After that, the requirements engineer creates the artificial worst-case 
(business process) requirement r-, which has the worst value for each pri-
oritization criterion, as well as the other artificial requirements (r1-r3) ac-
cording to the Swing method (see Table 51). The worst-case requirement 
is assigned 0 points and the requirements engineer asks the managers to 
assign 100 points to the most important fictional requirement. 

Req End User 
Satisfaction 

Cost Reduction Complexity 
Reduction 

Points 
Weight 

r- 1 €10,000 4 0 
r1 10 €10,000 4 70 

 

r2 1 €100,000 4 100 
 

r3 1 €10,000 10 30 
 

Table 51.  Example: Criteria Weighting (Artificial Requirements) 

As the cost reductions are seen as most important, the 100 points are 
assigned to the fictional requirement r2 with the highest value for cost re-
duction. The alternative with the highest end user satisfaction r1 is seen as 
the second most important requirement. Thus, it is assigned 70 points to 
represent the difference in value to requirement r2. Accordingly, the third 
fictional requirement r3 is assigned 30 points. Finally, the requirements en-
gineer calculates the final weights based on the assigned points. Thus, end 
user satisfaction is weighted with =0.35, cost reduction with =0.5, 
and complexity reduction with =0.15. Once this last step of the prepa-
ration phase has been completed, the actual requirements elicitation 
phase starts. 

6.3.4.2 Requirements Elicitation Phase 

Iteration 1. 

Process Activity 4: Prioritization of Identified Requirements19 

In the next step, the requirements engineer asks management to prioritize 
the initial set of business processes according to the different criteria (this 
prioritization is done collaboratively in consensus and not independently; 
thus the results do not need to be integrated). As a first step, management 
assigns the quantitative values to the cost reduction criterion for each 
business process (e.g., €100,000 cost savings for the invoice payment pro-
cess, see Table 52).  

                                                      
19 Activity 4 is the first activity in the requirements elicitation phase of the BPRE prioritization process, see sec-
tion 6.2. 
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After that, management distributes the 100 points over the business pro-
cesses for the qualitative rating of the complexity reduction criterion and 
the end user satisfaction criterion. This is done by comparing the list of 
business processes with respect to the respective qualitative criterion and 
the parent requirement (i.e., the project as root requirement) and assign-
ing the values such as to properly reflect the differences between the busi-
ness processes. For example, the invoice payment process is deemed to 
achieve the highest value in end user satisfaction and thus is assigned 40 
points (which can be interpreted as 40 percent of the overall achievable 
value). The other business processes are assigned points in relation to this 
value. The same procedure is done for the complexity reduction criterion. 
For this criterion, too, the invoice payment process is assigned the most 
points, because the complexity and the exceptions in the process can be 
handled much better if supported by IS (compared to the other processes 
in scope).  

Then the quantitative values of the cost reduction criterion need to be 
mapped to the distribution rate of 100 points (according to Equation 15 
in section 6.3.2.1). An example calculation for mapping the value of the 
invoice payment process is shown in Equation 19. 

 

Equation 19. Example: Mapping of Quantitative Value of BP1 

Based on this, the assigned priority  can be calculated. As the business 
processes are on the highest hierarchy level of the requirements hierarchy 
(with the project as root node), their normalized priority  is also their 
final priority . The calculation of the final priority (according to Equation 
18 in section 6.3.2.1) of the invoice payment process is shown in Equation 
20. The final priority is shown as percentages in Table 52. 

 

Equation 20. Example: Final Priority of BP1 

Requirements Backlog 
Requirement End User 

Satisfaction 
(0.35) 

Cost 
Reduction 

(0.5) 

Complexity 
Reduction 

(0.15) 

 pa pn pf 

BP1. Invoice Payment Process  40 40 (€100,000) 25 37.75 0.3775 37.75% 
BP2. Invoicing Process 4 12 (€30,000) 15 9.65 0.0965 9.65% 
BP3. Purchasing Process 25 4 (€10,000) 20 13.75 0.1375 13.75% 
BP4. Travel Application Process 11 28 (€70,000) 10 19.35 0.1935 19.35% 
BP5. Request for Leave Process 15 8 (€20,000) 20 12.25 0.1225 12.25% 
BP6. Time Reporting Process 5 8 (€20,000) 10 7.25 0.0725 7.25% 

Table 52.  Example: Requirements Backlog in Iteration 1 of the Activities in the Requirements Elicita-
tion Phase of the BPRE Prioritization Process 
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After having calculated all priorities using the BPRE prioritization tool, the 
requirements engineer applies the selected decision heuristic to the cur-
rent requirements backlog. The result of applying decision heuristic DH4 
(see section 5.4) is that the most valuable requirement to be elaborated 
next is the invoice payment process (BP1). 

Process Activity 5 & 6: Elaboration of Selected Requirement &  
Identification of Derived Requirements 

Based on the result of the decision heuristic, the requirements engineer 
starts with the elicitation of the invoice payment process, schedules a 
workshop with the stakeholders of the process, and elaborates with them 
an optimized workflow to be supported by IS. During this elaboration, the 
human-system, system-system, and system activities of the business pro-
cess are identified (see Figure 75). The process consists of the four activi-
ties SA1.1 “Register Invoice” (describing a system activity of digitalizing 
an incoming invoice), HSA1.2 “Verify Invoice” (describing a human-sys-
tem activity of checking the compliance of an invoice, e.g. with legal reg-
ulations), HSA1.3 “Approve Invoice” (describing a human-system activity 
of approving the correctness of an invoice), and HSA 1.4 “Initiate Pay-
ment” (describing a human-system activity of initiating the payment of an 
invoice).  

 

Figure 75.  Example: Elaborated Invoice Payment Process with Identified Business Activities 

The elaborated business process is then removed from the requirements 
backlog and the newly identified business activities are added. 
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Iteration 2. 

Process Activity 4: Prioritization of Identified Requirements 

Additionally, the newly identified business activities of the process are pri-
oritized by the stakeholders in the same way as the business processes. 
For example, the activity “Register Invoice” is deemed to achieve the high-
est complexity reduction because of its complete automation and thus is 
assigned the highest value in relation to the other activities (see Table 53). 
The quantitative euro values of the cost reduction criterion again need to 
be mapped to the 100 points. It has to be noted that the points now 
represent different euro amounts than on the business process level be-
cause they are in a different prioritization block of the requirements hier-
archy. The calculation of the final priority (according to Equation 18 in 
section 6.3.2.1) of the “Register Invoice” activity is shown in Equation 21. 

 

Equation 21. Example: Final Priority of SA1.1 

Requirements Backlog 
Requirement End User 

Satisfaction 
(0.35) 

Cost 
Reduction 

(0.5) 

Complexity 
Reduction 

(0.15) 

 pa pn pf 

BP1. Invoice Payment Process  40 40 (€100,000) 25 37.75 0.3775 37.75% 
SA1.1 Register Invoice 35 50 (€50,000) 50 44.75 0.4475 16.89% 
HSA1.2 Verify Invoice 25 30 (€30,000) 5 24.5 0.245 9.25% 
HSA1.3 Approve Invoice 30 12 (€12,000) 30 21 0.21 7.93% 
HSA1.4 Initiate Payment 10 8 (€8,000) 15 9.75 0.0975 3.68% 
BP2. Invoicing Process 4 12 (€30,000) 15 9.65 0.0965 9.65% 
BP3. Purchasing Process 25 4 (€10,000) 20 13.75 0.1375 13.75% 
BP4. Travel Application Process 11 28 (€70,000) 10 19.35 0.1935 19.35% 
BP5. Request for Leave Process 15 8 (€20,000) 20 12.25 0.1225 12.25% 
BP6. Time Reporting Process 5 8 (€20,000) 10 7.25 0.0725 7.25% 

Table 53.  Example: Requirements Backlog in Iteration 2 of the Activities in the Requirements Elicita-
tion Phase of the BPRE Prioritization Process 

After having calculated all priorities using the BPRE prioritization tool, the 
requirements engineer applies the selected decision heuristic DH4 to the 
current requirements backlog. The result is that the most valuable require-
ment to be elaborated next is the system activity SA1.1 “Register Invoice”. 

Process Activity 5 & 6: Elaboration of Selected Requirement & 
Identification of Derived Requirements 

Based on the result of the decision heuristic, the requirements engineer 
starts with the elaboration of the system activity SA1.1 “Register Invoice”. 
The requirements engineer schedules an interview with a stakeholder 
working in the business process who is responsible for registering and ver-
ifying incoming invoices in order to elaborate the details of the activity. 
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During this elaboration, the requirements engineer identifies the system 
functions of the system activity (see Figure 76). The activity  consists of the 
four system functions SF1.1.1 “Digitalize Invoice” (describing a system 
function of performing a scan and optical character recognition of the 
contents of the invoice ), SF1.1.2 “Store Invoice in DB” (describing a sys-
tem function of storing the digitalized invoice in a database), SF1.1.3 “De-
tect Invoice Type” (describing a system function of classifying an invoice 
according to its type), and SF 1.1.4 “Link to Order” (describing a system 
function that links the invoice to an existing order in a database). 

 

Figure 76.  Example: Elaborated System Activity “Register Invoice” with Identified System Functions 

The elaborated system activity is then removed from the requirements 
backlog and the newly identified system functions are added. 

Iteration 3. 

Process Activity 4: Prioritization of Identified Requirements 

The stakeholder then prioritizes the newly identified system functions with 
respect to the prioritization criteria and the parent requirement (i.e., the 
system activity) by determining the quantitative values for the cost reduc-
tions and distributing the 100 points over the requirements for the two 
other prioritization criteria (see Table 54). Here, for example, the system 
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function “Digitalize Invoice” is seen as very valuable for reducing com-
plexity and also costs during the performance of the “Register Invoice” 
activity in comparison to the other system functions; thus it is assigned the 
highest values for these criteria. 

Requirements Backlog 
Requirement End User 

Satisfaction 
(0.35) 

Cost 
Reduction 

(0.5) 

Complexity 
Reduction 

(0.15) 

 pa pn pf 

BP1. Invoice Payment Process  40 40 (€100,000) 25 37.75 0.3775 37.75% 
SA1.1 Register Invoice 35 50 (€50,000) 50 44.75 0.4475 16.89% 
SF1.1.1 Digitalize Invoice 35 50 (€25,000) 50 44 0.44 7.55% 
SF1.1.2 Store Invoice in DB 50 30 (€15,000) 30 37 0.37 6.25% 
SF1.1.3 Detect Invoice Type 10 12 (€6,000) 15 11.75 0.1175 1.98% 
SF1.1.4 Link to Order 5 8 (€4,000) 5 6.5 0.065 1.1% 
HSA1.2 Verify Invoice 25 30 (€30,000) 5 24.5 0.245 9.25% 
HSA1.3 Approve Invoice 30 12 (€12,000) 30 21 0.21 7.93% 
HSA1.4 Initiate Payment 10 8 (€8,000) 15 9.75 0.0975 3.68% 
BP2. Invoicing Process 4 12 (€30,000) 15 9.65 0.0965 9.65% 
BP3. Purchasing Process 25 4 (€10,000) 20 13.75 0.1375 13.75% 
BP4. Travel Application Process 11 28 (€70,000) 10 19.35 0.1935 19.35% 
BP5. Request for Leave Process 15 8 (€20,000) 20 12.25 0.1225 12.25% 
BP6. Time Reporting Process 5 8 (€20,000) 10 7.25 0.0725 7.25% 

Table 54.  Example: Requirements Backlog in Iteration 3 of the Activities in the Requirements Elicita-
tion Phase of the BPRE Prioritization Process 

After having calculated all priorities using the BPRE prioritization tool, the 
requirements engineer applies the selected decision heuristic DH4 to the 
current requirements backlog. The result is that the most valuable require-
ment to be elaborated next is the system function SF1.1.1 “Digitalize In-
voice”. 

Process Activity 5 & 6: Elaboration of Selected Requirement &  
Identification of Derived Requirements 

Based on the result of the decision heuristic, the requirements engineer 
elaborates the system function SF1.1.1 “Digitalize Invoice” (see Figure 77). 
This is done directly with the same stakeholder during the interview. Dur-
ing this elaboration, the requirements engineer clarifies the details of the 
system function by discussing the expected behavior of the function with 
the stakeholder. 
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Figure 77.  Example: Elaborated System Function “Digitalize Invoice” 

The elaborated system function is then removed from the requirements 
backlog. As the elaboration did not reveal any newly identified require-
ments because it was performed on the lowest abstraction level (i.e., the 
system functions level), no new requirements are added to the backlog 
during this iteration. 

Iteration 4. 

Process Activity 4: Prioritization of Identified Requirements 

As the previous elaboration step did not reveal any newly identified re-
quirements, no requirements have to be prioritized during this iteration. 
Thus, the prioritization step is skipped and the requirements engineer di-
rectly applies the selected decision heuristic DH4 to the current require-
ments backlog. The result is that the most valuable requirement to be 
elaborated next is the system function SF1.1.2 “Store Invoice in DB”. 

Process Activity 5 & 6: Elaboration of Selected Requirement &  
Identification of Derived Requirements 

Based on the result of the decision heuristic, the requirements engineer 
elaborates the system function SF1.1.2 “Store Invoice in DB” (see Figure 
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78). This is again done directly with the same stakeholder during the in-
terview. During this elaboration, the requirements engineer clarifies the 
details of the system function by discussing the expected behavior of the 
function with the stakeholder. 

 

Figure 78.  Example: Elaborated System Function “Store Invoice in DB” 

Again, the elaborated system function is removed from the requirements 
backlog and no new requirements are added to the backlog during this 
iteration. 

Iteration 5. 

Process Activity 4: Prioritization of Identified Requirements 

As the previous elaboration step did not reveal any newly identified re-
quirements, no requirements have to be prioritized during this iteration. 
Thus, the prioritization step is skipped and the requirements engineer di-
rectly applies the selected decision heuristic DH4 to the current require-
ments backlog. The most valuable requirement to be elaborated next is 
the human-system activity HSA1.2 “Verify Invoice”. According to the de-
cision heuristic DH4, it is thus more valuable now to proceed with a dif-
ferent business activity than to refine more system functions of the current 
business activity. 
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Process Activity 5 & 6: Elaboration of Selected Requirement &  
Identification of Derived Requirements 

Based on the result of the decision heuristic, the requirements engineer 
continues with the elaboration of the human-system activity HSA1.2 “Ver-
ify Invoice”. Again this is done with the same stakeholder during the in-
terview. During this elaboration, the requirements engineer identifies the 
system functions of the system activity (see Figure 79). The activity consists 
of the three system functions SF1.2.1 “Show registered Invoice” (describ-
ing a system function of presenting the digitalized invoice to the system 
user), SF1.2.2 “Check Consistency” (describing a system function of per-
forming a plausibility check on the invoice), and  SF1.2.3 “Check Compli-
ance” (describing a system function of checking the compliance of the 
invoice with legal regulations).  

 

Figure 79.  Example: Elaborated System Activity “Verify Invoice” with Identified System Functions 

The elaborated system activity is then removed from the requirements 
backlog and the newly identified system functions are added. 

Iteration 6 – 12. 

The requirements engineer continues the process of prioritization, elabo-
ration, and identification as in the previous iterations. In iteration 12, the 
requirements hierarchy as shown in Figure 80 has been elaborated. It can 
be seen that in the seventh iteration, it was more valuable according to 
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decision heuristic DH4 to start eliciting the travel application process than 
to continue with the invoice payment process. Thus, the human-system 
activity HSA4.1 “Create Travel Application” and two of its system func-
tions were elaborated before switching again to the invoice payment pro-
cess and continuing the elicitation there. The current requirements back-
log of the twelfth iteration is shown in Table 55. 

 

Figure 80.  Example: Elaborated BPRE Requirements Hierarchy in Iteration 12 of the Activities in the 
Requirements Elicitation Phase of the BPRE Prioritization Process 

The following iterations of the BPRE prioritization process are performed 
analogously by the requirements engineer until the complete require-
ments hierarchy for all six business processes BP1-BP6 has been elabo-
rated. In this way, the requirements are elicited in a beneficial order with 
respect to the prioritization criteria and project goals. 
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Requirements Backlog 
Requirement End User 

Satisfaction 
(0.35) 

Cost 
Reduction 

(0.5) 

Complexity 
Reduction 

(0.15) 

 pa pn pf 

BP1. Invoice Payment Process 40 40 (100.000€) 25 37.75 0.3775 37.75% 
SA1.1 Register Invoice 35 50 (50.000€) 50 44.75 0.4475 16.89% 
SF1.1.1 Digitalize Invoice 35 50 (€25,000) 50 44 0.44 7.55% 
SF1.1.2 Store Invoice in DB 50 30 (€15,000) 30 37 0.37 6.25% 
SF1.1.3 Detect Invoice Type 10 12 (€6,000) 15 11.75 0.1175 1.98% 
SF1.1.4 Link to Order 5 8 (€4,000) 5 6.5 0.065 1.1% 
HSA1.2 Verify Invoice 25 30 (€30,000) 5 24.5 0.245 9.25% 
SF1.2.1 Show Registered Invoice 65 48 (€14,400) 55 55 0.55 5.09% 
SF1.2.2 Check Consistency 30 40 (€12,000) 40 36.5 0.365 3.38% 
SF1.2.3 Check Compliance 5 12 (€3,600) 5 8.5 0.085 0.79% 
HSA1.3 Approve Invoice 30 12 (€12,000) 30 21 0.21 7.93% 
HSA1.4 Initiate Payment 10 8 (€8,000) 15 9.75 0.0975 3.68% 
BP2. Invoicing Process 4 12 (€30,000) 15 9.65 0.0965 9.65% 
BP3. Purchasing Process 25 4 (€10,000) 20 13.75 0.1375 13.75% 
BP4. Travel Application Process 11 28 (€70,000) 10 19.35 0.1935 19.35% 
HSA4.1 Create Travel Application 50 57 (€40,000) 40 52 0.52 10.06% 
SF4.1.1 Show Travel Form 45 38 (€15,200) 30 39.25 0.3925 3.95% 
SF4.1.2 Check Plausibility 10 12 (€4,800) 15 11.75 0.1175 1.18% 
SF4.1.3 Save Travel Form Draft 5 12 (€4,800) 20 10.75 0.1075 1.08% 
SF4.1.4 Submit Travel Form 40 38 (€15,200) 35 38.25 0.3825 3.85% 
HSA4.2 Book Company Car 25 7 (€5,000) 20 15.25 0.1525 2.95% 
HSA4.3 Approve Travel Application 15 29 (€20,000) 20 22.75 0.2275 4.4% 
SA4.4 Book Travel 10 7 (€5,000) 20 10 0.1 1.94% 
BP5. Request for Leave Process 15 8 (€20,000) 20 12.25 0.1225 12.25% 
BP6. Time Reporting Process 5 8 (€20,000) 10 7.25 0.0725 7.25% 

Table 55.  Example: Requirements Backlog in Iteration 12 of the Activities in the Requirements Elicita-
tion Phase of the BPRE Prioritization Process 

In the next section, the application of the BPRE prioritization process in a 
feasibility study with sample data will be presented. 

6.4 Evaluation: Feasibility Study 

In order to get feedback regarding application of the BPRE prioritization 
process in practice and to gather data with respect to the effort needed 
to perform the process, a feasibility study was conducted. As it was not 
possible during the course of this thesis to apply the prioritization process 
in a real project (because this would require a suitable large project), the 
study was designed to use some simplified, but realistic example project 
data. Thus, the prioritization process was applied in a fictional project set-
ting simulating an adaptive incremental requirements elicitation process. 
In the following, this feasibility study will be described. 
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6.4.1 Study Goals and Questions 

According to GQM [BCR94], the goal of the study was to: 

Analyze the BPRE prioritization process for the purpose of evaluation with 
regard to feasibility from the viewpoint of a process user in the context of 
a feasibility study. 

The research questions to be answered in this study were: 

RQ1. Is the BPRE prioritization process economically feasible with re-
spect to time, effort, and resources? 

RQ2. Can the BPRE prioritization process be integrated into existing 
organizational procedures and processes (organizational implementa-
tion)? 

RQ3. Are the single activities of the BPRE prioritization process feasible 
(i.e., is it possible to perform them)? 

RQ4. Is the prototypical tooling appropriate for supporting the activi-
ties in the BPRE prioritization process? 

To collect objective data concerning RQ1, the time needed for the priori-
tization activities (hereafter also denoted as prioritization steps to avoid 
confusion with the business process activities) was to be measured during 
the study. Additionally, RQ1-RQ4 were to be addressed in a semi-struc-
tured interview with the study participant. A set of guiding questions for 
RQ1-RQ4 was defined to be used during the interview, which can be 
found in Appendix J. 

6.4.2 Study Design and Setup 

The study was designed and prepared based upon the study goal. 

6.4.2.1 Participants 

As experts in the business process improvement domain are rare and 
poorly available, the study was performed with one internal domain expert 
at Fraunhofer IESE, who had the role of a business process coordinator 
and was responsible for the analysis, optimization, and automation of the 
internal business processes at Fraunhofer IESE. The business process coor-
dinator had about three years of experience in the area of BPM and an 
additional eleven years of experience in the area of project controlling. 
The participant was selected for the study as the BPRE prioritization ap-
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proach was deemed to be beneficial for the daily project work of the par-
ticipant (i.e., working in the area of BPRE). The participant was informed 
about the study goal in advance and participated voluntarily, without get-
ting any benefits (e.g., incentives) from it. 

6.4.2.2 Material 

In order to apply the BPRE prioritization process in a fictional project set-
ting, several artifacts had to be prepared. As only the actual prioritization 
steps (and not the identification and elaboration steps) were of interest in 
the study, a fictional requirements hierarchy had to be created in advance 
(the material can be found in Appendix J). The requirements hierarchy was 
needed to simulate the identification and elaboration of the requirements 
in the fictional project. It was decided that the fictional project scope 
should only consist of two business processes in order to keep the time 
frame for the study manageable (as otherwise the number of refined re-
quirements would have been too high). For each of the business pro-
cesses, a business process diagram in BPMN notation was created, show-
ing its process flow in the to-be situation (i.e., representing the elaborated 
business processes). For each business activity in the processes, activity 
descriptions were created using a sentence template (i.e., representing the 
identified business activities). Finally, for each business activity, a set of 
system functions was created (i.e., representing the identified system 
functions). The business process descriptions were based on two real pro-
cesses performed at Fraunhofer IESE, the travel application process and 
the request for leave process. However, the real process flow was simpli-
fied and modified for the fictional project of the study. The complete set 
of requirements (i.e., the business process diagrams, the business activity 
descriptions, and the list of system functions) were printed and brought 
to the study. Depending on the fictional elicitation status, the material 
(i.e., the particular requirements) was given to the participant. 

6.4.2.3 Design, Procedure and Data Collection 

The study consisted of three parts. In the first part, which lasted around 
20 minutes, the participant was introduced to the procedure to be used 
in the study as well as to the BPRE prioritization process and the tool. Each 
process step was explained to the participant in detail by the author of 
this thesis, using the descriptions presented in section 6.3. Furthermore, 
the participant was also introduced to the BPRE prioritization criteria 
model presented in section 4.4 and the general idea of the decision heu-
ristics presented in section 5.4. After that, any open questions were clari-
fied before proceeding to the second part of the study.  

In the second part, which lasted around 2h15min, the actual BPRE priori-
tization process was performed by the study participant. First of all, the 
steps of the preparation phase were performed. The participant selected 
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the decision heuristic (based on the explanations given by the author of 
this thesis), selected the prioritization criteria from the BPRE prioritization 
criteria model by reading the descriptions in the model, and performed 
their weighting using the proposed Swing method (in the weighting step, 
the participant was guided by the author of this thesis). The identification 
of business processes was skipped, as the project scope was already fixed 
to the two sample business processes for the fictional project. After the 
preparation was finished, the prioritization steps were performed by the 
participant under the supervision of the author of this thesis. If applicable, 
the BPRE prioritization tool was used in the corresponding steps. The steps 
concerning the elaboration of the requirements were simulated by hand-
ing the prepared requirements to the participant. For example, when the 
participant applied a decision heuristic and the result of the heuristic was 
to elaborate a business process, the respective business process diagram 
was given to the participant. In this way, the elicitation of the require-
ments was simulated and the participant’s only task was to prioritize and 
apply the selected decision heuristic to the presented requirements. This 
procedure continued until all of the prepared requirements had been 
given to the participant, meaning that the complete requirements hierar-
chy had been elaborated. During the performance of the prioritization 
steps, the time needed for the performance was recorded for later analysis 
using a stopwatch. Furthermore, the data of the prioritization (i.e., the 
priorities as well as the elicitation order) was stored in the prioritization 
tool.  

The last part of the study consisted of a 30-minute semi-structured inter-
view with the study participant in order to retrieve answers to the research 
questions of the study. During the interview, the following aspects were 
discussed using the guiding questions: economic feasibility (time, effort 
and resources), organizational implementation, feasibility of the prioritiza-
tion process activities, and appropriateness of tool support. 

6.4.3 Analysis and Results 

In this section, the results of the study will be described. 

6.4.3.1 Results of the BPRE Prioritization Process Performance 

Table 56 summarizes the results obtained during the preparation phase of 
the study. Table 57 summarizes the time consumption measured during 
the requirements elicitation phase. 
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Prioritization Process 
Activity 

Output Time 
needed 

Selection of 
Prioritization Criteria & 

Decision Heuristic 

Decision Heuristic: DH4. Remaining Value Global 
Criteria: C1. End User Satisfaction,  

C2. Implementation Cost, C3. Frequency of Use 

15min:07s 

Weighting of Selected 
Prioritization Criteria 

C1: 0.49, C2:0.15, C3: 0.36 14min:52s 

Table 56.  Preparation Phase Result Summary 

Prioritization Process Activity Mean Number of 
Requirements 

per Prioritization 
Activity 

Mean Time per 
Prioritization 

Activity  

Standard  
Deviation 

Prioritization of Business Processes 2 02min:31s - 
Prioritization of Business Activities 6.5 13min:37s 10min:54s 
Prioritization of System Functions 4.62 06min:01s 01min:43s 

Total time needed: 01h:47min:53s 

Table 57.  Requirements Elicitation Phase Result Summary 

In the preparation phase, the participant needed about 15 minutes to se-
lect three suitable prioritization criteria (C1. End User Satisfaction, C2. Im-
plementation Cost, C3. Frequency of Use) from the prioritization criteria 
model. This included reading the criteria descriptions in the model and 
selecting the actual criteria for the prioritization. In the next step, the 
weighting according to the Swing method was also done in around 15 
minutes. This resulted in a weighting of 0.49 for criterion C1, 0.15 for 
criterion C2, and 0.36 for criterion C3. After that, the actual requirements 
elicitation phase was performed, which lasted for about 1h:48min. Here, 
the prioritization of the two business processes was done in 02min:31s. 
The prioritization of the business activities (6.5 requirements on average) 
was done in an average time of 13min:37s. However, due to the high 
standard deviation (resulting from a very high time consumption of 
21min:20s for the first prioritization step), this time consumption does not 
appear to be very representative. More likely, it should have been on the 
same level as the time consumption of the system functions, which was 
an average of 6min:01s for 4.62 requirements. The prioritization results 
and the resulting elicitation order can be found in Appendix J. 

6.4.3.2 Interview Results 

With regard to economic feasibility (time, effort and resource consump-
tion), the participant stated in the interview that the time consumption 
would be appropriate if the prioritization process were to be applied in a 
real project setting and that it would be possible to integrate the prioriti-
zation process into a real project (i.e., the process does not produce much 
time overhead). However, the participant deemed the time consumption 
in a real context to be higher because of several influencing factors, such 
as (1) other stakeholders who would have to be consulted for the prioriti-
zation, (2) more thoughts being given to the actual priority values, and (3) 
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more thorough selection of the prioritization criteria. Concerning con-
sumed resources, the participant stated that it might be necessary to con-
sult other persons to perform the actual selection of the prioritization cri-
teria and to perform the actual prioritization as other persons might be 
able to better assess the different criteria. The participant also stated that 
the effort for prioritizing requirements on the lowest abstraction level (i.e., 
the system functions level) might be a bit too high because of the high 
number of elements to be prioritized there.  

With regard to organizational implementation, the prioritization process 
was deemed to be a systematic supplement to the daily work of the par-
ticipant because it could be helpful to decide on the business process land-
scape already which process could be analyzed for optimization purposes. 
Furthermore, it was stated that it is essential to spend some time on the 
integration of the prioritization process into organization-specific proce-
dures for requirements elicitation, as the benefits of the approach can only 
be fully exploited if the way requirements are elicited matches the assump-
tions of the prioritization process. 

With regard to the feasibility of the prioritization process activities, the 
participant stated that all steps of the prioritization process could be per-
formed well. Overall, the BPRE periodization process was seen as great 
support for daily work. It was deemed particularly useful for creating the 
elicitation order at the higher levels of abstraction of the requirements. 
Furthermore, the following statements were given: 

Regarding the selection of prioritization criteria, it was proposed that 
clusters of business processes could be created at the beginning of 
the prioritization process. Once these clusters are created, an organi-
zation-specific set of criteria could be selected for each cluster. Fur-
thermore, it was proposed that the prioritization approach should en-
able exchanging prioritization criteria during the performance of the 
prioritization process. Moreover, it should be possible to utilize differ-
ent criteria for the different levels of abstraction of the requirements. 

With regard to the decision heuristics, the participant proposed that 
the heuristics should allow selecting between multiple alternatives for 
the next requirement to be elaborated. This would make the approach 
much more flexible and would increase its acceptance in practice. A 
positive remark was also made about the fact that the decision heu-
ristics provide the user with a certain assurance on how to proceed 
and reduce the risk of making suboptimal decisions. 

With regard to the elicitation order created for the sample project, the 
participant was satisfied and considered it a reasonable sequence for 
use in practice. It was remarked that this order differs from the ordi-
nary elicitation order to which the participant is used as the elicitation 
is normally done rather according to business processes (without 
switching between business processes). The guidance by the heuristic 
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was also seen as a good guideline for daily project work. As a possible 
risk for the elicitation order it was mentioned that logical dependen-
cies between requirements might be overlooked if they are not rep-
resented by the selected prioritization criteria. 

The participant also made a positive remark that the BPRE prioritiza-
tion criteria model and the decision heuristics are also beneficial on 
their own and that they could be used independent of each other 
(e.g. using the criteria model for prioritizing requirements in a non-
incremental setting). 

With regard to appropriateness of tool support, it was stated that the pri-
oritization tool is definitively useful for supporting the prioritization pro-
cess because it saves time and also reduces the miscalculation of priorities. 
Moreover, the prioritization procedure (i.e., assigning points to the criteria 
according to the adapted VOHCV) itself worked well. Regarding improve-
ment potential, the participant stated that it would be nice if one’s own 
prioritization criteria could be entered into the tool and that the user in-
terface could be optimized by representing some information (e.g., prior-
ities) in a more graphical manner. Furthermore, support for different pri-
oritization scales (e.g., a scale from one to nine; absolute values) would 
also be beneficial to satisfy different users’ needs.  

6.4.4 Threats to Validity 

In this section, the threats to validity of the study will be discussed. The 
discussion focuses on the most relevant aspects identified from [WRH+00] 
and also discusses threats to qualitative research identified from [BD02]. 

Major threats to validity in the study are typical social threats. Because of 
evaluation apprehension (i.e., being observed by the author of this thesis), 
the participant may have performed differently, e.g., performing the pri-
oritization faster, slower, more precisely or less precisely than in a real sit-
uation. It was already remarked by the participant during the course of 
the study that prioritizing in a real project would take more time. This 
should be considered when interpreting the time consumption of the pri-
oritization activities from the study. Another relevant possible threat is re-
searcher expectancy. Here, the author of this thesis may have influenced 
the participant unconsciously and thus biased the results, e.g., during the 
prioritization process or especially during the interview (e.g., the partici-
pant might have given rather positive answers to do the author of this 
thesis a favor). Another possible threat is fatigue. Because of the large 
number of requirements to be prioritized, the participant might have got 
bored with assigning values to the requirements. Thus, the priorities as-
signed at the end might not be as exact as those assigned at the begin-
ning, which would influence the resulting elicitation sequence. Threats re-
garding disturbances of the participant during the performance of the 
study can be neglected as the study was performed in a quiet office. 
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Another prominent threat is mono operation bias, as the study was per-
formed only once, with one participant in one organizational context. 
Thus, there is no comparison to other prioritization processes or elicitation 
orders and different results might be obtained if the study is replicated. 
Thus, further studies are necessary for checking the reliability and repre-
sentativeness of the results. Furthermore, only a semi-structured  interview 
was performed in order to obtain feedback form the participant. If the 
study is repeated, more objective measures could be used or at least a 
questionnaire could be given to the participants, which would allow ob-
taining statistically analyzable results. 

Regarding the analysis of the interview data, there is a threat of having 
misinterpreted the statements of the participant (e.g., more positively or 
negatively than intended by the interviewee). However, this threat could 
be mostly eliminated as the results were given to the participant after the 
study for review.  

With regard to external validity, there is a threat that stems from the usage 
of sample data to perform the study. The sample data might not actually 
represent real requirements for a project. However, the sample data was 
deemed to be small, but realistic based on the past project experience of 
Fraunhofer IESE. Thus, this threat does not seem to be very prominent. 

6.4.5 Interpretation and Implications 

The results of the feasibility study indicate that the BPRE prioritization pro-
cess is generally feasible with respect to effort, time, and resource con-
sumption. Minor drawbacks were seen with regard to the prioritization 
effort on the system functions level. Furthermore, it was also deemed to 
be beneficial and applicable in the organizational context in which it was 
applied.  

Even if the prioritization process is seen very positively according to the 
interview results, some improvement potential could be identified. Most 
of all, improving the flexibility of the process seems to be important in 
order to increase its acceptance in practice. This includes improving the 
flexibility of the decision heuristics by providing multiple elaboration alter-
natives (i.e., being able to choose between several elaboration possibili-
ties) but also with regard to the selection of prioritization criteria. How-
ever, changing the prioritization criteria during an already running priori-
tization process (as proposed by the participant) and thus mixing up dif-
ferent prioritization criteria implicates losing the mathematical rigor of the 
prioritization technique. Nevertheless, it might be a reasonable way in cer-
tain situations in practice to improve the flexibility of the whole approach 
and also to reduce the prioritization effort (by using fewer criteria on the 
system functions level, for example). 
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Another important point is that the prioritization criteria model and the 
decision heuristics were also seen beneficial on their own. Thus, this also 
confirms the results of the two evaluations that were performed with re-
spect to these two artifacts (i.e., the industry expert survey and the con-
trolled simulation experiment). 

However, as this study was performed with only one participant, which 
limits the reliability and representativeness of its results, there are also 
some implications on future research. Besides replicating the study with 
further participants from industry, the key findings of this study should be 
discussed with further practitioners as well in order to obtain a broader 
view on the advantages and drawbacks of the prioritization process. By 
doing this, the observations of this study can be verified and important 
and recurring improvement ideas can be identified. This initial feedback 
can then be used to improve the prioritization process accordingly. Finally, 
this improved version of the prioritization process should be applied in a 
comprehensive case study in industry. 

6.5 Summary 

In this chapter, the actual BPRE prioritization process was introduced, 
which integrates the BPRE prioritization criteria model and the decision 
heuristics already described in previous chapters of this thesis. The single 
activities of the prioritization process were described with their required 
input and resulting output, as well as their support by the BPRE prioritiza-
tion tool. An example application of the process based on the motivating 
scenario from section 1.3 illustrated the single process activities. For eval-
uating the practical applicability of the prioritization process, a feasibility 
study with sample data was performed at Fraunhofer IESE. The results 
show that the BPRE prioritization process is feasible with regard to the 
single process activities. It is also feasible with regard to time, effort, and 
resource consumption, with minor drawbacks regarding prioritization ef-
fort on the system functions level. Furthermore, it is deemed to be suitable 
for integration into the organizational context and project work. The avail-
able tool support is also seen as useful. Some areas for improvement have 
been identified, most of all regarding the flexibility of the decision heuris-
tics as well as with regard to changing prioritization criteria during the 
prioritization process. It could also be concluded that additional studies 
should be performed to obtain further practical feedback on the BPRE pri-
oritization process and its application.   
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7 Summary and Future Work 

“The future starts today, not tomorrow.”   
John Paul II 

This chapter summarizes the major results and contributions of this thesis 
and also provides some ideas for future work based on the open issues of 
the BPRE prioritization approach. 

7.1 Results and Contributions 

Many information system development projects aim at building software 
to optimize an organization’s business processes in order to increase busi-
ness and organizational performance. During BPRE, business processes are 
analyzed with the aim of systematically deriving more fine-grained re-
quirements from them. In incremental elicitation, the most valuable ones 
of these requirements must be delivered as soon as possible to enable 
quick realization and reduce time to value. Unfortunately, due to the lack 
of appropriate requirements prioritization approaches and decision sup-
port during requirements refinement, too much time and effort is often 
spent on requirements of minor importance. This leads to poor project 
performance due to wasted effort, non-optimal releases in terms of busi-
ness value, as well as missed business gains due to slow time to value. 

In order to tackle this problem, the key contribution of this thesis is the 
provision of a systematic, tool-based prioritization approach integrating 
domain-relevant prioritization criteria and algorithmic decision heuristics 
to determine a more valuable elicitation order in incremental BPRE as 
shown in Figure 81. The approach is the result of the exploration of the 
three main research questions of the thesis defined in section 1.3: 

RQ1. In what way can requirements prioritization be integrated into 
an incremental BPRE elicitation process? 

RQ2. Which prioritization criteria can be utilized to make prioritization 
in BPRE more effective?  
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RQ3. How can requirements priorities be utilized in decision-making 
to perform valuable incremental requirements elicitation in BPRE? 

 

Figure 81.  The BPRE Prioritization Approach 

The foundations for this work are described in chapter 2, where the spe-
cial requirements of adaptive incremental elicitation in BPRE with regard 
to prioritization and decision support are presented. It was necessary to 
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The model was evaluated with respect to the first main hypothesis of the 
thesis, which was derived from the goal and the main research questions 
of the thesis:  

MH1. Prioritization Effectiveness & Efficiency 
 
The usage of the prioritization approach in BPRE will result in more effective 
and efficient prioritization compared to the state of the art. 
 
Regarding effectiveness and efficiency, it is expected that the prioritization cri-
teria will  be suitable for the BPRE context and that the usage of the BPRE pri-
oritization criteria model will positively influence the following quality aspects: 
prioritization criteria awareness (e.g., awareness of suitable prioritization crite-
ria), project risk reduction (e.g., making better decisions during prioritization in 
terms of accuracy), and project effort reduction (e.g., reducing the effort for 
prioritization using project-specific criteria). 

To evaluate the hypothesis, an industry expert survey with 20 participants 
was performed. Significant results could be obtained, which confirmed 
the hypothesis, i.e., that the BPRE prioritization criteria model is suitable 
for the given context and using the model positively influences the quality 
aspects prioritization criteria awareness, project risk reduction, and project 
effort reduction.  

The actual decisions that lead to a particular requirements elicitation order 
are provided by the Decision Heuristics (see chapter 5). The purpose of a 
decision heuristic is to guide the requirements engineer in such a way that 
the requirements are elicited in the most valuable order. Thus, they sup-
port the requirements engineer in determining which requirements should 
be elaborated next at a certain point during elicitation. Nine decision heu-
ristics were formally defined, which were partly extracted from the litera-
ture and partly created anew. In order to evaluate their performance dur-
ing an incremental requirements elicitation process, a BPRE Simulation 
Model and a corresponding BPRE Prioritization Tool were created in order 
to simulate the decision heuristics on virtual BPRE requirements hierar-
chies. By doing that, the heuristics could be compared on a large number 
of different data sets, which would not have been possible in a real word 
setting (as this would have meant applying them to hundreds of different 
projects and also repeating each project for each heuristic to be able to 
compare them). Using the simulations, three decision heuristics from a set 
of nine heuristics could be proposed for use in practice. These proposed 
heuristics are the second important input for the prioritization approach.  

The decision heuristics were evaluated with respect to the second main 
hypothesis of this thesis:  
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MH2. Valuable Elicitation (Elicitation Efficiency) 
 
The usage of the prioritization approach in BPRE will result in higher require-
ments elicitation efficiency (i.e., elicitation of requirements in a more valuable 
order) compared to state-of-the-art elicitation orders. 
 
It is expected that the usage of the newly proposed decision heuristics during 
prioritization will achieve at least 10% higher efficiency during incremental re-
quirements elicitation compared to state-of-the-art elicitation orders. 

The performance of the decision heuristics was compared in a controlled 
simulation experiment. Significant differences could be shown regarding 
the performance of the different decision heuristics. The best newly pro-
posed decision heuristic led to 22% higher elicitation efficiency, on aver-
age, in the worst case and up to 62% higher elicitation efficiency in the 
best case compared to state-of-the-art decision heuristics. Further simula-
tions led to similar results for different simulation model parameters, 
showing the robustness of the results and the decision heuristics against 
context parameter changes. 

Finally, the single activities for performing the BPRE Prioritization Process 
were presented in chapter 6 of this thesis. The process integrates the BPRE 
prioritization criteria model and the decision heuristics to allow performing 
adaptive incremental requirements elicitation in BPRE using prioritization. 
The process is supported by the BPRE Prioritization Tool, which automates 
some parts of the activities. The BPRE prioritization process was applied in 
a feasibility study with sample data in order to gather data about the re-
quired effort as well as practical feedback regarding its usage. The feed-
back from the participant showed that the complete process as well as 
the single artifacts (i.e., the BPRE prioritization criteria model and the de-
cision heuristics) are seen as beneficial, producing reasonable optimized 
elicitation orders. The prioritization process is deemed to be suitable for 
integration into the organizational context. Further improvement poten-
tial for future work could also be identified, especially with regard to flex-
ibility and effort consumption for prioritizing low-level requirements.  

7.2 Open Issues and Future Work 

During the evaluation of the different aspects of the thesis, some limita-
tions and open issues were identified that are indicators for possible en-
hancements in future work.  

As this thesis focuses on prioritization, with requirements being prioritized 
relative to each other (i.e., by comparison and not by rating them abso-
lutely on a fixed scale), the BPRE prioritization criteria model does not pro-
vide any guidance on how to assign concrete values to different criteria 
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so far. However, in order to apply the BPRE prioritization model in differ-
ent contexts, it should be investigated if and how further methodological 
support may be able to simplify the procedures used in the prioritization 
methods for assessing criteria. In this way, the assessment could also be 
made more objectively and more repeatable if different stakeholders were 
to rate a criterion. An in-depth analysis is needed for each criterion to 
provide reasonable values for a rating. At the same time, the criteria de-
scriptions could be further enhanced, providing more details to the user.  

At the moment, there is no intention to change the prioritization criteria 
during a running prioritization process or to use different prioritization cri-
teria for the different hierarchy levels of requirements. This is because the 
prioritization process utilizes already existing prioritization calculation 
schemes from the literature. However, the feasibility study indicated that 
practical acceptance could be improved if prioritization criteria could be 
changed within a running prioritization or if different prioritization criteria 
could be utilized on different abstraction levels. In this way, a lower num-
ber of prioritization criteria could be utilized on the lower hierarchy levels, 
considerably reducing the prioritization effort for these levels. However, 
this would entail creating new calculation schemes or changing existing 
calculation schemes (which may also lead to losing their mathematical 
precision). It has to be investigated whether trading off a loss in mathe-
matical precision for gains in prioritization flexibility is a reasonable way 
for practice. The selection of prioritization criteria could also be improved 
further by providing sensible sets of criteria based on context or project 
factors. Further research is needed regarding how these sets could be cre-
ated and which context factors might influence the criteria selection.   

The decision heuristics were designed to select one single requirement to 
be elaborated next in the elicitation process. However, the results of the 
feasibility study indicated that practical acceptance would be increased if 
flexibility were increased. For example, the heuristics could be extended 
to provide alternative ways for elicitation, i.e., applying the heuristic would 
provide the user with different alternative requirements to be elaborated 
next. In this way, the process could be performed more flexibly based on 
the current project context. Of course, this would imply evaluating the 
performance of these new heuristics, for example by means of simulation. 
Changing the way priorities are calculated in the hierarchy (i.e., changing 
from relative values to absolute values) would also entail creating new 
decision heuristics, which would need to be evaluated again. Moreover, 
another aspect that has not been investigated so far is the impact of 
changing requirements (i.e., structure, priorities) during an elicitation pro-
cess on the performance of the decision heuristics. Another interesting 
aspect concerning the decision heuristics is to investigate how the decision 
heuristics could be utilized in other domains where requirements are not 
derived from business processes. In these cases, the model parameters of 
the simulation model would need to be changed to represent the different 
context. 
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At the moment, it is assumed that a flexible development approach (i.e., 
an agile approach such as Scrum, or utilization of a BPMS system with 
continuous delivery) is utilized to exploit the benefits of the optimized elic-
itation order. Here, integration with release planning aspects would fur-
ther improve the accuracy of the simulation model.  

As only functional requirements were regarded in this thesis, further stud-
ies could be performed to investigate how the elicitation of other require-
ments types (e.g., non-functional requirements) could be integrated with 
the approach. 

Concerning the evaluation, a case study should be performed in order to 
apply the BPRE prioritization process in a real-world setting. In particular, 
the actual benefits of the BPRE prioritization process according to the main 
hypotheses MH1 and MH2 should be evaluated in such a context. Further-
more, investigating the acceptance of the proposed elicitation orders in a 
concrete project and checking how the project stakeholders can or are 
willing to adhere to the order are interesting areas to analyze.  

Concerning the tool support, it would be beneficial to also facilitate the 
import of already specified requirements, such as business process dia-
grams, into the tool. In this way, the effort for entering the requirements 
into the prioritization tool could be reduced. In the same way, it should 
be possible to export the prioritization results. Integration with common 
requirements engineering tools or application lifecycle management tools 
would allow direct creation of elicitation tasks for project stakeholders, 
further improving acceptance of the approach. 
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Appendix A: Review Protocols 

 
 

 

Background The survey is conducted in order to find related work in requirements prioritization in BPRE 
(elicitation) and requirements prioritization in relation to requirements elicitation and 
refinement. 

Research Question Which prioritization approaches exist in the area of BPRE (elicitation) and in relation to 
requirements elicitation and refinement in general? 

Search Strategy Search string: 
("business process" AND requirements AND (engineering OR elicitation) AND (agile OR 
incremental OR iterative OR prioritization OR priority OR prioritizing))  
OR 
(requirements AND (prioritization OR priority OR prioritizing) AND (elicitation OR elaboration 
OR refinement OR detailing)) 
 
Primary Resources: 

Scopus 
ACM 
Already known literature 

 
Search Criteria: 

Only computer science and related fields 
All publication channels (e.g., conference and workshop proceedings, dissertations, 
books, journals etc.) 
Search terms in Title, Abstract (and Keywords in Scopus) 
All types of publications: method papers, experience reports, case studies, long and 
short papers etc. 

 
Search Approach: 

1) Search in the resources 
2) Exclusion of non-fitting papers based on exclusion criteria 
3) Search for further papers in the references of the fitting papers if appropriate 
4) Go back to step 2. 

Study Selection 
Criteria and 
Procedures 

Exclusion Criteria: 
Does not fit to the search terms (i.e., is listed in the search result, but does not 
include the search terms) 
Does not deal with software requirements prioritization or similar (e.g., 
construction material selection, prioritization in networks etc.) 
Does not describe a concrete method or guideline for requirements prioritization 
during BPRE or during elicitation  
Describes a prioritization method which is only applied after elicitation (but not 
during elicitation) 

Study Quality 
Assessment 
Checklists and 
Procedures 

1) Does the prioritization approach support continuous / consistent prioritization 
across all levels of abstraction by supporting hierarchies (i.e., supporting the 
structure of the requirements hierarchy given by the reference object classes and by 
providing a hierarchical calculation scheme)? 

2) Does the prioritization approach support the assessment of requirements by 
different stakeholders? 

3) Does the prioritization approach support the assessment of requirements in 
multiple dimensions and in a variable number of dimensions for flexible integration 
of prioritization criteria? 

4) Does the prioritization approach provide a collection of objective and subjective 
prioritization criteria relevant for the problem domain (business-process-driven 
development projects)? 

5) Does the prioritization approach provide decision support for refining requirements 
in the hierarchy? 

6) Has the prioritization approach been empirically validated? 
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Background The survey is conducted in order to find related work in hierarchical prioritization approaches 
and also to find a suitable calculation scheme as basis for the prioritization method in this 
thesis. 

Research Question Which generic prioritization approaches exist that aim at prioritizing requirements in 
hierarchies? 

Search Strategy Search string: 
requirements AND (prioritization OR priority OR prioritizing) AND  
(hierarchy OR hierarchical OR multilevel OR multi-level) 
 
Primary Resources: 

Scopus 
ACM 
Already known literature 

 
Search Criteria: 

Only computer science and related fields 
All publication channels (e.g., conference and workshop proceedings, dissertations, 
books, journals etc.) 
Search terms in Title, Abstract (and Keywords in Scopus) 
All types of publications: method papers, experience reports, case studies, long and 
short papers etc. 

 
Search Approach: 

1) Search in the resources 
2) Exclusion of non-fitting papers based on exclusion criteria 
3) Search for further papers in the references of the fitting papers if appropriate 
4) Go back to step 2. 

Study Selection 
Criteria and 
Procedures 

Exclusion Criteria: 
Does not fit to the search terms (i.e., is listed in the search result, but does not 
include the search terms) 
Does not deal with software requirements prioritization or similar (e.g., 
construction material selection, prioritization in networks etc.) 
Does not describe a concrete method or guideline for requirements prioritization 

Study Quality 
Assessment 
Checklists and 
Procedures 

1) Does the prioritization approach support continuous / consistent prioritization 
across all levels of abstraction by supporting hierarchies (i.e., supporting the 
structure of the requirements hierarchy given by the reference object classes and by 
providing a hierarchical calculation scheme)? 

2) Does the prioritization approach support the assessment of requirements by 
different stakeholders? 

3) Does the prioritization approach support the assessment of requirements in 
multiple dimensions and in a variable number of dimensions for flexible integration 
of prioritization criteria? 

4) Does the prioritization approach provide a collection of objective and subjective 
prioritization criteria relevant for the problem domain (business-process-driven 
development projects)? 

5) Does the prioritization approach provide decision support for refining requirements 
in the hierarchy? 

6) Has the prioritization approach been empirically validated? 
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Background The survey is needed to build up a comprehensive base of prioritization criteria. 

Research Question Which prioritization criteria are discussed in the requirements prioritization literature as well 
as in the area of business process prioritization, improvement, and automation? 

Search Strategy Search string: 
(requirements AND (value OR criteria OR metrics OR attributes OR measures OR factors) AND 
(prioritization OR negotiation OR "release planning" OR "decision making")) 
 OR 
("business process" AND (improvement OR reengineering OR automation) AND (value OR 
criteria OR metrics OR attributes OR measures OR factors OR indicators))  
OR 
 ("business process" AND prioritization) 
 
Primary Resources: 

Scopus 
ACM 
Already known literature 

 
Search Criteria: 

Only computer science and related fields 
All publication channels (e.g., conference and workshop proceedings, dissertations, 
books, journals etc.) 
Search terms in Title, Abstract & Keywords 
All types of publications: method papers, experience reports, case studies, long and 
short papers etc. 

 
Search Approach: 

1. Search in the resources 
2. Exclusion of non-fitting papers 
3. Search for further papers in the reference list of the fitting papers if necessary 

Study Selection 
Criteria and 
Procedures 

Exclusion Criteria: 
Does not deal with software requirements prioritization or similar (e.g., 
construction material selection, prioritization in networks etc.) 
Does not fit to the search terms (i.e., is listed in the search result, but does not 
include the search terms) 

Study Quality 
Assessment 
Checklists and 
Procedures 

Categorization in 
Category 1: (Software) Requirements prioritization and negotiation approaches, 
release planning models (i.e., publications where a concrete approach is described) 
Category 2: Non-methodological publications in the context of requirements 
prioritization (e.g., empirical studies and literature reviews) 
Category 3: IT alignment and business process prioritization & reengineering papers 
Category 4: Other decision making approaches & publications about criteria (e.g., 
software process improvement) 

Data extraction 
strategy 

For method descriptions and similar:  
1. Search in the method description and extraction of all prioritization criteria 

used / proposed in the approach 
2. Search in the remaining parts of the publication and extraction of further 

discussed criteria (not used in / not part of the approach but mentioned) 
For non-methodical publications: 

1. Search in the publication and extraction of all discussed prioritization 
criteria  

Categorization of the extracted prioritization criteria into criteria model 
Synthesis of the 
extracted data 

1. Consolidation of criteria (& identification of synonyms and homonyms) 
2. Categorization of criteria 
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Appendix B: Prioritization Criteria Model Literature Sources 

Generic Prioritization Criteria Model Literature Sources 
ID Reference Cat. Title Authors Year 
[1] [Wie99] 1 First Things First: Prioritizing Requirements Wiegers 1999 
[2] [MEW08] 1 Criteria-Based Requirements Prioritization for Software Product 

Management 
Mohamed et al. 2008 

[3] [Fir04] 1 Prioritizing Requirements Firesmith 2004 
[4] [BB07] 1 A Prioritization Process Botta; Bahill 2007 
[5] [BW10] 1 Absolute Scales to Express Stakeholder Value for Improving Sup-

port for Prioritization 
Brodie; Wood-
man 

2010 

[6] [WA05b] 2 What is Important when Deciding to Include a Software Require-
ment in a Project or Release? 

Wohlin; Aurum 2005 

[7] [BAW06] 2 Quest for a Silver Bullet: Creating Software Product Value through 
Requirements Selection 

Barney et al.  2006 

[8] [HAW06] 2 Adding Value to Software Requirements: An Empirical Study in the 
Chinese Software Industry 

Hu et al. 2006 

[9] [BWH+09] 2 Creating Software Product Value in China Barney et al. 2009 
[10] [WA05a] 2 Criteria for Selecting Software Requirements to Create Product 

Value: An Industrial Empirical Study 
Wohlin; Aurum 2005 

[11] [Leh06] 2 Providing value by prioritizing requirements throughout software 
product development 

Lehtola 2006 

[12] [Ber07] 2 Evolving Prioritization for Software Product Management Berander 2007 
[13] [LKK04] 2 Requirements Prioritization Challenges in Practice Lehtola et al. 2004 
[14] [KR97] 1 A Cost–Value Approach for Prioritizing Requirements Karlsson; Ryan 1997 
[15] [GR04] 1 Software release planning: an evolutionary and iterative approach Greer; Ruhe 2004 
[16] [Gre05] 1 Requirements Prioritisation for Incremental and Iterative Develop-

ment 
Greer 2005 

[17] [Ruh10] 1 Product Release Planning Ruhe 2010 
[18] [RG03] 1 Quantitative Studies in Software Release Planning under Risk and 

Resource Constraints 
Ruhe; Greer 2003 

[19] [REP03] 1 Trade-off Analysis for Requirements Selection Ruhe et al. 2003 
[20] [RKH03] 1 An Analytical Model for Requirements Selection Quality Evaluation 

in Product Software Development 
Regnell et al. 2003 

[21] [RN04] 1 Hybrid Intelligence in Software Release Planning Ruhe; Ngo-The 2004 
[22] [ARS04] 1 Intelligent Support for Software Release Planning Amandeep et al. 2004 
[23] [NRS04] 1 Release Planning under Fuzzy Effort Constraints Ngo-The et al. 2004 
[24] [SR05] 1 Supporting Software Release Planning Decisions for Evolving Sys-

tems 
Saliu; Ruhe 2005 

[25] [ABD+05] 1 Determination of the Next Release of a Software Product: an Ap-
proach using Integer Linear Programming 

Akker et al. 2005 

[26] [NS05b] 1 Fuzzy Structural Dependency Constraints in Software Release Plan-
ning 

Ngo-The; Saliu 2005 

[27] [NS05a] 1 Measuring Dependency Constraint Satisfaction in Software Re-
lease Planning using Dissimilarity of Fuzzy Graphs 

Ngo-The; Saliu 2005 

[28] [RS05] 1 The Art and Science of Software Release Planning Ruhe; Saliu 2005 
[29] [RM05] 1 Strategic Release Planning and Evaluation of Operational Feasibility Ruhe; Momoh 2005 
[30] [MR06] 1 Release Planning Process Improvement - An Industrial Case Study Momoh; Ruhe 2006 
[31] [MRS+06] 1 Decision Support for Value-Based Software Release Planning Maurice et al. 2006 
[32] [DRR06] 1 An Explanation Oriented Dialogue Approach and its Application to 

Wicked Planning Problems 
Du et al. 2006 

[33] [KR06] 1 Introducing Tool Support for Retrospective Analysis of Release 
Planning Decisions 

Karlsson; Reg-
nell 

2006 

[34] [LHS+06] 1 A Risk-Driven Method for eXtreme Programming Release Planning Li et al. 2006 
[35] [ZSS06] 1 A decision modelling approach for analysing requirements config-

uration trade-offs in time-constrained Web Application Develop-
ment 

Ziemer et al. 2006 

[36] [SR07] 1 Bi-Objective Release Planning for Evolving Software  Systems Saliu; Ruhe 2007 
[37] [PAR07] 1 A System Dynamics Simulation Model for Analyzing the Stability of 

Software Release Plans  
 
 

Pfahl et al. 2007 
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ID Reference Cat. Title Authors Year 
[38] [ABD+08] 1 Software product release planning through optimization and 

what-if analysis 
Akker et al. 2008 

[39] [RSO08] 1 Supporting Roadmapping of Quality Requirements Regnell et al. 2008 
[40] [RDS+10a] 2 Business Value Is not only Dollars - Results from Case Study Re-

search on Agile Software Projects 
Racheva et al. 2010 

[41] [RAS09] 2 Need to Redefine “Value” and Case for a New “Software Valua-
tion” Technique: An Analytical Study 

Ramzan et al. 2009 

[42] [MAM15] 2 Requirements Prioritization http://www.requirements.com/Glos-
sary/RequirementsPrioritization/tabid/121/Default.aspx 

Modern Analyst 
Media LLC 

2015 

[43] [DVA+13] 2 Agile requirements prioritization in large-scale outsourced system 
projects: An empirical study 

Daneva et al. 2013 

[44] [BH11] 2 A Comparison of Model-based and Judgment-based Release Plan-
ning in Incremental Software Projects 

Benestad;Han-
nay 

2011 

[45] [SGR+11] 2 Prioritization of Quality Requirements: State of Practice in Eleven 
Companies 

Svensson et al. 2011 

[46] [RDS+10b] 2 Do we Know Enough about Requirements Prioritization in Agile 
Projects: Insights from a Case Study 

Racheva et al. 2010 

[47] [BAW08] 2 A product management challenge: Creating software product 
value through requirements selection 

Barney et al. 2008 

[48] [RDH10] 2 A Conceptual Model of Client-driven Agile Requirements Prioriti-
zation: Results of a Case Study 

Racheva et al. 2010 

[49] [AW07] 2 A Value-Based Approach in Requirements Engineering: Explaining 
Some of the Fundamental Concepts 

Aurum; Wohlin 2007 

[50] [BDH+11] 2 Agile Requirements Prioritization: What Happens in Practice and 
What Is Described in Literature 

Bakalova et al. 2011 

[51] [PMO+13] 2 A Systematic Review of Software Requirements Selection and Pri-
oritization Using SBSE Approaches 

Pitangueira et al. 2013 

[52] [TCB+09] 2 Demystifying Release Definition: From Requirements Prioritization 
to Collaborative Value Quantification 

Tourwé et al. 2009 

[53] [FCH+08] 1 A Broad, Quantitative Model for Making Early Requirements Deci-
sions 

Feather et al. 2008 

[54] [ED10] 1 Traceability Semantics Approach for Supporting Product Value 
Analysis 

Espinoza; Díaz 2010 

[55] [APR10] 1 Decision Support for Product Release Planning based on Robust-
ness Analysis 

Al-Emran et al. 2010 

[56] [Dav03] 1 The Art of Requirements Triage Davis 2003 
[57] [HP09] 1 Practical challenges of requirements prioritization based on risk es-

timation 
Herrmann; 
Paech 

2009 

[58] [PPB+99] 1 Supporting Distributed Collaborative Prioritization for WinWin Re-
quirements Capture and Negotiations 

Park et al. 1999 

[59] [HME+11] 1 RiskREP: Risk-Based Security Requirements Elicitation and Prioriti-
zation 

Herrmann et al. 2011 

[60] [Moi00b] 1 Prioritising Scenario Evolution Moisiadis 2000 
[61] [Moi00a] 1 Prioritising Use Cases and Scenarios Moisiadis 2000 
[62] [SM09b] 1 Prioritizing Use Cases to aid ordering of Scenarios Sapna; Mohanty 2009 
[63] [RDB08] 1 Complementing Measurements and Real Options Concepts to 

Support Inter-iteration Decision-Making in Agile Projects 
Racheva et al. 2008 

[64] [LM08] 1 Handling Uncertainty in Agile Requirement Prioritization and 
Scheduling Using Statistical Simulation 

Logue; McDaid 2008 

[65] [Tha13] 1 A framework for prioritization of quality requirements for inclusion 
in a software project 

Thakurta 2013 

[66] [DMD09] 1 Requirements prioritization in on-line banking systems: using 
value-oriented framework 

Danesh et al. 2009 

[67] [MSI09] 1 Ensuring Cost Efficient and Secure Software through Student Case 
Studies in Risk and Requirements Prioritization 

Mead et al. 2009 

[68] [BH12] 1 Does the Prioritization Technique Affect Stakeholders’ Selection of 
Essential Software Product Features? 

Benestad;Han-
nay 

2012 

[69] [IOR02] 1 Multi-Criteria Preference Analysis for Systematic Requirements Ne-
gotiation 

In et al. 2002 

[70] [PST11] 1 Using an SMT Solver for Interactive Requirements Prioritization Palma et al. 2011 
[71] [PSA13] 1 A Machine Learning Approach to Software Requirements Prioriti-

zation 
Perini et al. 2013 

[72] [REP02] 1 Quantitative WinWin – A New Method for Decision Support 
in Requirements Negotiation 

Ruhe et al. 2002 
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ID Reference Cat. Title Authors Year 
[73] [BGB01] 1 Developing Groupware for Requirements Negotiation: Lessons 

Learned 
Boehm et al. 2001 

[74] [MK10] 1 Recognition of Hidden Factors In Requirements Prioritization Using 
Factor Analysis 

Marjaie; Kul-
karni 

2010 

[75] [POM08] 1 Using Simulation to Investigate Requirements Prioritization Strate-
gies 

Port et al. 2008 

[76] [MK13] 1 Verification of Requirements Extraction and Prioritization Based on 
Goal Oriented Use Case Approach by using Use Case Points 

Moon; Kim 2013 

[77] [RJS11] 1 Value Based Intelligent Requirement Prioritization (VIRP): Expert 
Driven Fuzzy Logic Based Prioritization Technique 

Ramzan et al. 2011 

[78] [CD05] 1 Financially Informed Requirements Prioritization Cleland-Huang;  
Denne 

2005 

[79] [HR13] 1 Releasing Sooner or Later: An Optimization Approach and Its Case 
Study Evaluation 

Ho; Ruhe 2013 

[80] [ASC07] 1 Value-Oriented Requirements Prioritization in a Small Development 
Organization 

Azar et al. 2007 

[81] [KB13] 1 Integrating Collaborative Requirements Negotiation and Prioritiza-
tion Processes: A Match Made in Heaven 

Kukreja; Boehm 2013 

[82] [SHK+09] 1 Architectural Requirements Prioritization and Analysis Applied To 
Software Technology Evaluation 

Smiley et al. 2009 

[83] [SS97] 2 Requirements Engineering: A Good Practice Guide Sommerville; 
Sawyer 

1997 

 
Additional BPRE Prioritization Criteria Model specific Literature Sources 
ID Reference Cat. Title Authors Year 
[101] [KS07] 3 Business Process Priorisation with Multicriteria Methods: Case of 

Business Process Reengineering 
Kornyshova; Sa-
linesi 

2007 

[102] [PP88] 4 The Feasibility Study in Information Systems: an Analysis of Criteria 
and Contents 

Palvia; Palvia 1988 

[103] [HF97] 4 Implementing Effective Software Metrics Programs Hall; Fenton 1997 
[104] [RS13] 3 A value-based approach to the ex-ante evaluation of IT enabled 

business process improvement projects 
Raschke; Sen 2013 

[105] [HM07] 3 A Practical Approach for Measuring IT Effectiveness in Business 
Processes 

Hosseini; 
Mazinani 

2007 

[106] [Gre00] 3 Effective uses of business process simulation Greasley 2000 
[107] [BBB11] 3 Value-Based Process Improvement Bolsinger et al. 2011 
[108] [PAP+08] 3 Toward an integrated User Requirements Notation framework and 

tool for Business Process Management 
Pourshahid et 
al. 

2008 

[109] [Trk10] 3 The critical success factors of business process management Trkman 2010 
[110] [TRS10] 3 Selection of Business Process for Autonomic Automation Terres et al. 2010 
[111] [MBÖ94] 3 Evaluating Existing Information Systems from a Business Process 

Perspective 
Mende et al. 1994 

[112] [PBF11] 3 Optimizing process performance visibility through additional de-
scriptive features in performance measurement 

Pidun et al. 2011 

[113] [QG07] 3 Methodology for determining key internal business processes 
based on critical success factors: A case study in furniture industry 

Quesada; Gazo 2007 

[114] [MST11] 4 (MC2)2 criteria, requirements and a software prototype for Cloud 
infrastructure decisions 

Menzel et al. 2011 

[115] [MRO09] 3 Development of a decision-making strategy to improve the effi-
ciency of BPR 

Mansar et al. 2009 

[116] [DR02] 3 Returns on Investments in Information Technology: A Research 
Synthesis 

Dehning; Rich-
ardson 

2002 

[117] [CB02] 3 The Association Between Activity-Based Costing and Improvement 
in Financial Performance 

Cagwin; 
Bouwman 

2002 

[118] [Dav93] 3 Process Innovation: Reengineering Work through Information 
Technology 

Davenport 1993 

[119] [DB95] 3 Managing Information About Processes Davenport; 
Beers 

1995 

[120] [ABP09] 3 Guide  to the Business Process Management Common Body of 
Knowledge 

ABPMP 2009 

[121] [BUM+99] 3 Identifying the Workflow Potential of Business Processes Becker et al. 1999 
[122] [PS10] 4 Modeling Organizational Performance Indicators Popova; 

Sharpanskykh 
2010 
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ID Reference Cat. Title Authors Year 
[123] [DK00] 3 Discovering Potential and Realizing Value from Information Tech-

nology Investments 
Davern; Kauff-
man 

2000 

[124] [Ham07] 3 The Process Audit Hammer 2007 
[125] [MS01] 3 Using Cost Benefit Analysis for Enterprise Resource Planning Pro-

ject Evaluation: A Case for Including Intangibles 
Murphy; Simon 2001 

[126] [RML10] 3 Information technology infrastructure, organizational process re-
design, and business value: An empirical analysis 

Ramirez et al. 2010 

[127] [EY97] 4 Measures that Matter Ernst & Young 
LLP 

1997 

[128] [Del07] 4 In the Dark II: What many boards and executives STILL don’t know 
about the health of their business 

Deloitte 2007 

[129] [CMN+06] 3 A Discourse on Complexity of Process Models Cardoso et al. 2006 
[130] [AOB07] 3 Modelling non-functional requirements of business processes Aburub et al. 2007 
[131] [HP10] 3 Defining the Quality of Business Processes Herinrich; Paech 2010 
[132] [SM09a] 3 Workflow modeling: Tools for Process Improvement and Applica-

tion Development 
Sharp; McDer-
mott 

2009 

[133] [CFM+02] 3 WIRES: A Methodology for Developing Workflow Applications Casati et al. 2002 

 
Mapping of additional BPRE Prioritization Criteria Model specific Criteria to Literature Sources 
Criterion Reference ID 
Complexity reduction [101] [109] [112] [117] [120] [121] [125] [126] [129] 
Need for change [101] [113] 
Output quality improvement [107] [110] [119] 
Compliance improvement [103] [108] [112] [121] [131] 
Information quality improvement [102] [104] [105] [121] [125] [128] [130] 
Readiness for improvement [104] [105] [112] [115] [120] [123] [124] 
Impact [106] [120] [121] 
Portability improvement [110] [131] 
Training costs [111] [114] [116] 
Internal motivational loss [104] [118] [123] 
Support & sponsorship [102] [104] [115] [120] [124] [127] [132] 
Reliability improvement [103] [131] 
Reputation improvement [122] 
Analysis cost [131] 
Deployment cost [114] [133] 
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Appendix C: Generic Prioritization Criteria Model 
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Benefits 
Business value / business  importance / gain for organization 

 
System-related Benefits  Market-related Benefits  Operational (Business) Perfor-

mance Benefits 
Product / system value 

Linkage to overall system 
goals 

Product / system quality 
Ease of use / convenience 
Scalability 
Sustainability of solution 
Changeable solution 
Uniform solution 
Performance 
Stability 
Security 
Integrity 
Availability 
Testability 
Accuracy 
Safety (criticality) 

(Product) Market value 
Customer loyalty / retention 
Marketability / ability to sell 
New business potential / product 
and service enhancement 

Additional customer sales 
Extra cost customer will spend 

Market percentage 
Competitiveness 

Creation of competitive ad-
vantage 
Status of competitors with re-
spect to the requirement 
Innovativeness 

Market technology trends 
Brand protection 
(Feature) Influence on buying de-
cision 
Resalable solution 
(Long term) Product strategy 
Fit with / effects on other prod-
ucts 

Organizational effectiveness 
Support of work 

Fit with business pro-
cesses 
Contribution to user 
task 
Feature / requirement  
support for main (us-
age) scenario 

Organizational efficiency / 
productivity improvement 

Cost saving / reduction 
Economies of production 
Cost reduction of IT opera-
tion 
Process / workflow effi-
ciency 
Speed 
Throughput 

Operational risk reduction 
Countermeasure benefit 

Inbound logistics 
Supplier relations 
Customer relations 
Competitor relations 
Business innovation 
Deliveries 
Third party relations 
Marketing support 
Decision making 
Learning and knowledge 
Organization culture 
Information 
Technology / tools 
Strategy formulation and plan-
ning 
Communication 
Flow of products / services 
Control and follow-up (im-
proved reporting) 
Change management 
Integration and coordination 
Flexibility 

Customer Benefits 
Customer value / satisfaction / 
preference 

Efficiency gains for cus-
tomer 
Competitive gains for cus-
tomer 
Intermediary satisfaction 

Project-related Benefits (Business) Strategy-related Benefits 
Project value 

Relevance to project suc-
cess 
Importance wrt. / contribu-
tion to overall release goal 
Release theme 
Feature contribution to 
project vision 

Synergy effects by combining 
tasks 

Strategic alignment / suitability to 
business strategy 

Importance / contribution to 
business goals 
Criticality to mission success 

Long term strategic value / strate-
gic benefit 
Tactical usefulness 
 

(Particular) Stakeholder Benefits Financial Benefits 
Personal preference & stake-
holder priority / preference / 
value / satisfaction / desire 

End user value / satisfac-
tion 
Value creation for devel-
oper 
Relevance to stakeholders' 
goals 

Fit with skills / training 

Financial benefit / revenue 
Return on investment (ROI) 
Net present value (NPV) 
Internal rate of return (IRR) 
Payback period 

 
Benefits 
Criterion References Interpretation Ex. Metric # 

Business value / busi-
ness  importance / 
gain for organization 

[1] [3] [4] [15] [25] 
[34] [36] [38] [40] 
[42] [43] [45] [46] 
[47] [48] [49] [50] 
[55] [57] [63] [64] 
[65] [71] [72] [73] 
[74] [75] [81] 

The benefit to the organization 
of any kind (internal gains, e.g. 
process improvement, external 
gains, e.g., customer satisfac-
tion, financial gains, e.g. return 
on investment) if the require-
ment is implemented. 

Qualitative 28 
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Customer Benefits 
Criterion References Interpretation Ex. Metric # 

Customer value / sat-
isfaction / preference 

[1] [2] [4] [6] [7] [8] 
[9] [10] [11] [13] 
[14] [17] [24] [30] 
[35] [43] [46] [47] 
[49] [51]  [54] [62] 
[63] [65] [66] [71] 
[80]  

The benefit to the customer of 
any kind, if the requirement is 
implemented. 

Qualitative 27 

Efficiency gains for 
customer 

[40] The gains for the customer in 
terms of efficiency [40] in its pro-
cesses, if the requirement is im-
plemented. 

E.g., average 
time savings 
in [hours] 

1 

Competitive gains 
for customer 

[40] The gains for the customer in 
terms of competitiveness [40] on 
the market, if the requirement is 
implemented. 

Qualitative 1 

Intermediary satis-
faction 

[5] [11] The satisfaction of intermediaries 
(such as local resellers or consult-
ants) if the requirement is imple-
mented [11]. 

Qualitative 2 

 
System-related Benefits 
Criterion References Interpretation Ex. Metric # 

Product / system value [28] [29] [46] [77] The increase of the final value of 
the software product of any kind 
if the requirement is imple-
mented [29]. 

Qualitative 4 

Linkage to overall 
system goals 

[44] The importance of the require-
ment to the overall system goals. 

Qualitative 1 

Product / system qual-
ity 

[4] [5] [16] [19] [21] 
[23] [29] [30] [39] 
[44] 

The increase of the quality char-
acteristics of the software prod-
uct, if the requirement is imple-
mented. 

Qualitative 10 

Ease of use / con-
venience 

[17] [4] The increase of the ease of use 
of the software product, if the 
requirement is implemented. 

Qualitative 2 

Scalability [29] [30] [44] The increase of the scalability of 
the software product, if the re-
quirement is implemented. 

E.g., number 
of parallel 
processes 

3 

Sustainability of 
solution 

[44] The increase of the sustainability 
of the software product, if the 
requirement is implemented. 

Qualitative 1 

Changeable solu-
tion 

[44] The increase of the changeability 
of the software product, if the 
requirement is implemented. 

Qualitative 1 

Uniform solution [44] The increase of the uniformity of 
the software product, if the re-
quirement is implemented. 

Qualitative 1 

Performance [4] [29] [44] The increase of the performance 
of the software product, if the 
requirement is implemented. 

E.g., requests 
served per 
minute [4] 

3 

Stability [44] [52] The increase of the stability of 
the software product, if the re-
quirement is implemented. 

E.g., mean 
time between 
failures [4] 

2 

Security [66] [71] The increase of the security of 
the software product, if the re-
quirement is implemented. 

Qualitative 2 
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Criterion References Interpretation Ex. Metric # 
Integrity [66] [80] The increase of the integrity of 

the software product, if the re-
quirement is implemented. 

Qualitative 2 

Availability [66] The increase of the availability of 
the software product, if the re-
quirement is implemented. 

E.g., down-
time in 
[hours] 

1 

Testability [4] The increase of the testability of 
the software product, if the re-
quirement is implemented. 

Qualitative 1 

Accuracy [4] The increase of the accuracy of 
the software product, if the re-
quirement is implemented. 

Qualitative 1 

Safety (criticality) [4] The increase of the safety of the 
software product, if the require-
ment is implemented. 

Qualitative 1 

 
Market-related Benefits 
Criterion References Interpretation Ex. Metric # 

(Product) Market 
value 

[5] [8] [12] [20] [33] 
[49] 

The increase of the market value 
(e.g. exchange value, price) of 
the software product, if the re-
quirement is implemented. The 
value of a product increases in 
direct proportion to its ad-
vantage over competitive prod-
ucts and decreases in proportion 
to its disadvantages [49]. 

E.g., price in 
[€] 

6 

Customer loyalty / re-
tention 

[78] [80] The increase of the customer 
loyalty if the requirement is im-
plemented [78]. 

Qualitative 2 

Marketability / ability 
to sell 

[12] [29] [30] The increase of the marketability 
of the software product, if the 
requirement is implemented. 

Qualitative 3 

New business poten-
tial / product and ser-
vice enhancement 

[5] [7] [47] [65] The potential of the requirement 
of creating new business, if im-
plemented. 

Qualitative 4 

Additional cus-
tomer sales 

[5] [80] The increase of customer sales, if 
the requirement is implemented. 

E.g., turnover 
in [€] 

2 

Extra cost cus-
tomer will spend 

[8] [9] The impact of the requirement 
implementation on the extra 
cost customers will spend, such 
as the cost of software installa-
tion, learning how to use it, soft-
ware maintenance, and so on 
[8]. 

E.g., cost in 
[€] 

2 

Market percentage [4] The increase of market percent-
age of the software product if 
the requirement is implemented. 

E.g., Market 
share in [per-
cent] 

1 

Competitiveness [17] [65] [71] [80] The improvements in competi-
tiveness (of the software prod-
uct) in the market, if the require-
ment is implemented. 

Qualitative 4 

Creation of com-
petitive advantage 

[7] [47] [78] The importance of the require-
ment for the creation of compet-
itive advantage of the software 
product. 
 

Qualitative 3 
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Criterion References Interpretation Ex. Metric # 
Status of competi-
tors with respect 
to the requirement 

[5] [6] [7] [8] [9] [10] 
[11] [12] [13] [47] 

The importance of the require-
ment in order to catch up with 
competitor’s software products 
functionality. 

Qualitative 10 

Innovativeness [52] The increase of innovativeness of 
the software product if the re-
quirement is implemented. 

Qualitative 1 

Market technology 
trends 

[10] The importance of the require-
ment to keep up with market 
technology trends. 

Qualitative 1 

Brand protection [78] The importance of the require-
ment for the protection of a 
brand. 

Qualitative 1 

(Feature) Influence on 
buying decision 

[68] The importance of the require-
ment for the influence on the 
software product buying deci-
sion of a customer. 

Qualitative 1 

Resalable solution [7] [47] The increase of the resell poten-
tial of a software product if the 
requirement is implemented. 

Qualitative 2 

(Long term) Product 
strategy 

[5] [12] The importance of the require-
ment for the long term software 
product strategy. 

Qualitative 2 

Fit with / effects on 
other products 

[5] [11] The importance of the require-
ment for the fit with other soft-
ware products in the product 
family. 

Qualitative 2 

 
Operational (Business) Performance Benefits 
Criterion References Interpretation Ex. Metric # 

Organizational effec-
tiveness 

[65] Improvements related to organi-
zation’s effectiveness (i.e., ability 
to achieve stated goals or objec-
tives, judged in terms of both 
output and impact) [65], if the 
requirement is implemented. 

E.g., output 
per time unit 

1 

Support of work [40] The increase of work support if 
the requirement is implemented. 

Qualitative 1 

Fit with busi-
ness processes 

[5] The importance of the require-
ment for the support of the or-
ganizational business processes. 

Qualitative 1 

Contribution to 
user task 

[46] The importance of the require-
ment for the support of the 
user’s task. 

Qualitative 1 

Feature / re-
quirement  
support for 
main (usage) 
scenario 

[40] [50] The importance of the require-
ment for the main usage sce-
nario. 

Qualitative 2 

Organizational effi-
ciency / productivity 
improvement 

[63] [65] Improvements related to organi-
zation’s efficiency (i.e., doing as 
much as before with less re-
sources) [65], if the requirement 
is implemented. 

E.g., average 
time savings 
in [hours] 

2 

Cost saving / re-
duction 

[5] [12] [63] [78] The reduction of organizational 
costs of any type if the require-
ment is implemented. 

E.g., cost in 
[€] 

4 
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Criterion References Interpretation Ex. Metric # 
Economies of pro-
duction 

[65] Improvements related to achiev-
ing economies of production 
(i.e., reduction in costs, or in-
crease in production or through-
put related to product/services) 
[65], if the requirement is imple-
mented. 

E.g., cost in 
[€] 

1 

Cost reduction of 
IT operation 

[44] The reduction of costs of IT op-
eration, if the requirements is 
implemented. 

E.g., cost in 
[€] 

1 

Process / workflow 
efficiency 

[44] [63] Improvements related to the or-
ganizations’ process efficiency, if 
the requirement is implemented. 

E.g., average 
time savings 
in [hours] 

2 

Speed [4] [66] Reduction in process lead time, if 
the requirement is implemented. 

E.g., lead 
time in 
[minutes] 

2 

Throughput [40] [44] The increase in process through-
put, if the requirement is imple-
mented. 

E.g., number 
of processed 
units per time 
unit 

2 

Operational risk re-
duction 

[16] [65] The reduction of risks in the or-
ganizations’ operations, if the re-
quirement is implemented. 

Qualitative 2 

Countermeasure 
benefit 

[57] [59] The risk reduction respectively 
benefit achieved in relation to a 
misuse case [57], if a require-
ment is implemented. 

Qualitative 2 

Inbound logistics [65] Improvements of products / ser-
vices that the organization pur-
chases from suppliers [65], if the 
requirement is implemented. 

Qualitative 1 

Supplier relations [65] Improvements in the relationship 
that the organization has with its 
suppliers [65], if the requirement 
is implemented. 

Qualitative 1 

Customer relations [65] Improvements in the relationship 
that the organization has with its 
customers [65], if the require-
ment is implemented. 

Qualitative 1 

Competitor relations [65] Improvements in the organiza-
tion’s relationship with the 
Competitors [65], if the require-
ment is implemented. 

Qualitative 1 

Business innovation [65] Improvements related to making 
different areas of business feasi-
ble for the organization [65], if 
the requirement is implemented. 

Qualitative 1 

Deliveries [65] Improvements related to delivery 
of the organization products 
and/or services to customers 
[65], if the requirement is imple-
mented. 
 
 
 
 
 
 

Qualitative 1 



Appendix 

  251 

Criterion References Interpretation Ex. Metric # 
Third party relations [65] Improvements in the organiza-

tion’s relationship with external 
parties that are neither custom-
ers, competitors nor suppliers, 
(i.e., various organizations, au-
thorities, society etc.) [65], if the 
requirement is implemented. 

Qualitative 1 

Marketing support [65] [80] Improvements in marketing sup-
port, if the requirement is imple-
mented. 

Qualitative 2 

Decision making [65] Improvements in the decision 
making processes of the organi-
zation [65], if the requirement is 
implemented. 

Qualitative 1 

Learning and 
knowledge 

[65] Improvements associated with 
learning and/or increased 
knowledge of employees in the 
organization [65], if the require-
ment is implemented. 

Qualitative 1 

Organization culture [65] Improvements in aspects related 
to the organizational culture 
[65], if the requirement is imple-
mented. 

Qualitative 1 

Information [65] Improvements in information 
distribution and support [65], if 
the requirement is implemented. 

Qualitative 1 

Technology / tools [65] Improvements in non-IT infra-
structure related to the organiza-
tion’s product / services [65], if 
the requirement is implemented. 

Qualitative 1 

Strategy formulation 
and planning 

[65] Improvements in organizational 
ability to develop long-term busi-
ness strategies and plans [65], if 
the requirement is implemented. 

Qualitative 1 

Communication [65] Improvements / increase in com-
munication within / between 
processes or departments in the 
organization [65], if the require-
ment is implemented. 

Qualitative 1 

Flow of products / 
services 

[65] Improvements related to the 
flow of products / services within 
/ between processes or depart-
ments in the organization [65], if 
the requirement is implemented. 

Qualitative 1 

Control and follow-up 
(improved reporting) 

[65] Improvements associated with 
organization’s ability to control 
and follow-up (i.e., improved re-
porting possibilities) [65], if the 
requirement is implemented. 

Qualitative 1 

Change management [65] Improvements in organizational 
capabilities to deliberately make 
changes in the organization, for 
example, to replace people or 
roles, to restructure, to add/re-
move departments or processes 
etc. [65], if the requirement is 
implemented. 
 

Qualitative 1 
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Criterion References Interpretation Ex. Metric # 
Integration and coor-
dination 

[65] Improvements in the ability to 
coordinate and integrate differ-
ent parts of the organization, for 
example, coordination of pro-
duction and distribution depart-
ment, of sales and production 
planning departments etc. [65], 
if the requirement is imple-
mented. 

Qualitative 1 

Flexibility [65] Improvements in the organiza-
tional ability to adapt to changes 
in market conditions / require-
ments [65], if the requirement is 
implemented. 

Qualitative 1 

 
(Business) Strategy-related Benefits 
Criterion References Interpretation Ex. Metric # 

Strategic alignment / 
suitability to business 
strategy 

[5] [8] [9] [10] [12] 
[80] 

The suitability between the re-
quirement and the strategy of 
the company, including the 
strategy of attracting customers, 
pricing strategy, marketing oper-
ations, and so forth [8]. 

Qualitative 6 

Importance / con-
tribution to busi-
ness goals 

[4] [5] [46] [61] [71] 
[82] 

The importance of the require-
ment for the business goals of 
the organization. 

Qualitative 6 

Criticality to mis-
sion success 

[4] The importance of the require-
ment for the achievement of the 
vision or mission statements of 
the organization [4]. 

Qualitative 1 

Long term strategic 
value / strategic bene-
fit 

[4] [12] The long term strategic benefit 
for the organization, if the re-
quirement is implemented. 

Qualitative 2 

Tactical usefulness [4] The (short term) tactical benefit 
for the organization, if the re-
quirement is implemented. 

Qualitative 1 

 
(Particular) Stakeholder Benefits 
Criterion References Interpretation Ex. Metric # 

Personal preference & 
stakeholder priority / 
preference / value / 
satisfaction / desire 

[3] [5] [12] [16] [18] 
[19] [21] [22] [23] 
[24] [25] [32] [38] 
[45] [46] [47] [55] 
[56] [58] [67 ] 
[74][79] 

The benefit to the (assessing) 
stakeholders of any kind, if the 
requirement is implemented. 

Qualitative 22 

End user value / 
satisfaction 

[5] [11] [12] [13] 
[14] [40] [44] [70] 

The benefit to the end users of 
the system of any kind, if the re-
quirement is implemented. 

Qualitative 8 

Value creation for 
developer 

[46] The benefit to the developers of 
the system of any kind, if the re-
quirement is implemented. 

Qualitative 1 

Relevance to 
stakeholders' goals 

[60] The importance of a requirement 
to the stakeholders’ goals. 

Qualitative 1 

Fit with skills / training [5] The suitability between the re-
quirement and the skills of the 
end users or the organizational 
training for the end users. 

Qualitative 1 
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Project-related Benefits 
Criterion References Interpretation Ex. Metric # 

Project value [47] [49] The benefit to the software de-
velopment project of any kind, if 
the requirement is implemented. 

Qualitative 2 

Relevance to pro-
ject success 

[73] The importance of a requirement 
to the software development 
project success. 

Qualitative 1 

Importance wrt. / 
contribution to 
overall release goal 

[44] The importance of a requirement 
with respect to the overall re-
lease goal of the software devel-
opment project. 

Qualitative 1 

Release theme [12] The suitability between the re-
quirement and the release 
theme of the software develop-
ment project. 

Qualitative 1 

Feature contribu-
tion to project vi-
sion 

[68] The importance of the require-
ment to the software develop-
ment project vision. 

Qualitative 1 

Synergy effects by 
combining tasks 

[44] Synergy effects realized by com-
bining tasks related to the re-
quirement. 

Qualitative 1 

 
Financial Benefits 
Criterion References Interpretation Ex. Metric # 

Financial benefit / rev-
enue 

[5] [11] [12] [13] 
[17] [25] [26] [38] 
[42] [44] [78] 

The financial benefit of any kind, 
if the requirement is imple-
mented. 

E.g., revenue 
in [€] 

11 

Return on invest-
ment (ROI) 

[4] [5] [17] [24] [27] 
[35] [40] [42] [45] 

The return on investment (ROI), 
if the requirement is imple-
mented. 

ROI in [€] 9 

Net present value 
(NPV) 

[4] [31] [40] [44] 
[78] 

The net present value (NPV), if 
the requirement is implemented. 

NPV in [€] 5 

Internal rate of re-
turn (IRR) 

[4] [40] The internal rate of return (IRR), 
if the requirement is imple-
mented. 

IRR in [per-
cent] 

2 

Payback period [4] The payback period for the in-
vestment, if the requirement is 
implemented. 

E.g., [month] 1 

 
Costs 

 
Generic Cost Types Development Time related Costs 

Life-cycle costs 
Total ownership cost 
Money / finances / budget 
Time 
Labor 
Overhead 
Infrastructure 

Hardware unit costs 
Travel 
Material 

Implementation cost / effort 
Development cost / effort 

Task size 
Documentation cost 
Functional implementation effort 
Technical implementation effort 
Quality cost 

Testing cost 
Integration testing cost 
User acceptance testing cost 

Cost for fixing defects detected during testing 
Quality (attribute) implementation effort 
Risk mitigation effort / cost 

Product costs 

Post-development Time related Costs 
Post-development cost 

Maintenance cost 
Support costs 
Operational costs 
Shipping 
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Costs 
Generic Cost Types 
Criterion References Interpretation Ex. Metric # 

Life-cycle costs [3] [4] The increase of life-cycle costs, if 
the requirement is implemented. 

E.g., costs in 
[€] 

2 

Total ownership cost [8] The increase of total ownership 
costs, if the requirement is im-
plemented. 

E.g., costs in 
[€] 

1 

Money / finances / 
budget 

[4] [21] [29] The decrease of money, if the re-
quirement is implemented. 

E.g., costs in 
[€] 

3 

Time [4] The amount of time (effort) 
spent for any kind of activities 
related to the requirement. 

E.g., time in 
[person days] 

1 

Labor [4] The labor costs of any kind re-
lated to the requirement. 

E.g., costs in 
[€] 

1 

Overhead [4] The overhead costs of any kind, 
related to the requirement. 

E.g., costs in 
[€] 

1 

Infrastructure [4] The increase of infrastructure 
costs related to the requirement. 

E.g., costs in 
[€] 

1 

Hardware unit 
costs 

[39] The increase of hardware costs 
related to the requirement. 

E.g., costs in 
[€] 

1 

Travel [4] The travel costs related to the re-
quirement. 

E.g., costs in 
[€] 

1 

Material [4] The material costs related to the 
requirement. 

E.g., costs in 
[€] 

1 

 
Development Time related Costs 
Criterion References Interpretation Ex. Metric # 

Implementation cost / 
effort 

[1] [2] [3] [5] [6] [7] 
[8] [9] [10] [11] [12] 
[13] [14] [15] [16] 
[17] [18] [19] [21] 
[22] [23] [24] [26] 
[27] [28] [29] [30] 
[31] [33] [34] [35] 
[36] [37] [41] [42] 
[43] [45] [46] [47] 
[48] [50] [55] [57] 
[58] [59] [65] [67] 
[70] [71] [72] [74] 
[75] [77] [78]  

Costs of any kind (development, 
testing, integration, etc.) that are 
incurred if the requirement is im-
plemented. 

E.g., effort in 
[person days] 

54 

Development cost 
/ effort 

[2] [3] [5] [6] [7] [8] 
[9] [10] [12] [13] 
[20] [25] [31] [32] 
[33] [36] [38] [39] 
[44] [47] [52] [56] 
[64] [69] [70] [72] 
[81]
  

Costs that are incurred during 
development of the require-
ment. 

E.g., effort in 
[person days], 
estimated 
number of 
lines of code 
[71], esti-
mated num-
ber of com-
ponents [71] 

27 

Task size [44] [64] Size of the development task for 
the development of the require-
ment. 

E.g., effort in 
[person days] 

2 

Documentation 
cost 

[12] Costs that are incurred during 
(implementation) documentation 
of the requirement. 
 
 

E.g., effort in 
[person days] 

1 
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Criterion References Interpretation Ex. Metric # 
Functional imple-
mentation effort 

[63] 
 

Costs that are incurred for the 
pure functional development 
part of the requirement [63]. 

E.g., effort in 
[person days] 

1 

Technical imple-
mentation effort 

[63] 
 

Costs that are incurred for the 
technical development part (e.g., 
refactoring) of the requirement 
[63]. 

E.g., effort in 
[person days] 

1 

Quality cost [39] [79] Costs that are incurred for 
achieving a certain release qual-
ity of the requirement [79]. 

E.g., effort in 
[person days] 

1 

Testing cost [2] [12] Costs that are incurred during 
testing of the requirement. 

E.g., effort in 
[person days] 

2 

Integration 
testing cost 

[79] Costs that are incurred during 
integration testing of the re-
quirement. 

E.g., effort in 
[person days] 

1 

User ac-
ceptance 
testing cost 

[79] Costs that are incurred during 
user acceptance testing of the 
requirement [79]. 

E.g., effort in 
[person days] 

1 

Cost for fixing 
defects de-
tected during 
testing 

[79] 
  

Costs that are incurred for fixing 
defects detected during testing 
of the requirement [79]. 

E.g., effort in 
[person days] 

1 

Quality (attribute) 
implementation 
effort 

[39] [63] Costs that are incurred for im-
plementation of quality attrib-
utes (e.g., performance) related 
to the requirement [63]. 

E.g., effort in 
[person days] 

2 

Risk mitigation ef-
fort / cost 

[53] Costs that are incurred for miti-
gating a risk in attaining the re-
quirement [53]. 

E.g., effort in 
[person days] 

1 

Product costs [10] The increase of the software 
product costs, if the requirement 
is implemented. 

E.g., costs in 
[€] 

1 

 
Post-development Time related Costs 
Criterion References Interpretation Ex. Metric # 

Post-development 
cost 

[12] Costs of any kind that are in-
curred after the development of 
the requirement (e.g., mainte-
nance). 

E.g., costs in 
[€] 

1 

Maintenance cost [52] Maintenance costs that are in-
curred after the development of 
the requirement. 

E.g., costs in 
[€] 

1 

Support costs [5] Costs for support (e.g., technical 
support) that are incurred after 
the development of the require-
ment. 

E.g., costs in 
[€] 

1 

Operational costs [5] Operational costs that are in-
curred after the development of 
the requirement. 

E.g., costs in 
[€] 

1 

Shipping [4] Shipping costs that are incurred 
after the development of the re-
quirement. 

E.g., costs in 
[€] 

1 
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Risks 
 

Technical & Implementation-related 
Risks 

 Project-related Risks Requirements Status related 
Risks 

Technical risks 
Architecture conflict 

Severe redesign of architecture 
Impact on essential non-func-
tional requirements 

Database risks 
Product quality loss 

Performance risks 
Risk of maintenance 
Loss of confidential data 

Technical risk in current system 
Technical risk in proposed system 
(Technical) Complexity 

Implementation risk 
Implementation technology risks / 
technical uncertainty 
Scope loss 
Risk of buggy implementation 
Implementation difficulty 

Development risk 
Difficulty of programming lan-
guage used 
Large Size 
Tedium 
Uncertainty 
Novelty 
Number of people involved 
Organizational constraints 

Implementation feasibility 
Ease of realization (technical fea-
sibility) 

External risks 

Overrun / schedule risk / loss 
Over budget risk 

Fixing cost (losses) 
(Implementation) Process risk 
Environmental factor (develop-
ment context) 
Project duration 
Project dependencies 
Impediment of attaining the re-
quirement in the project 

 

Vague story 
Requirements volatility / stabil-
ity 

Changes from business 
perspective 
Changes from technical 
perspective 
Market changes 
Legislative changes 
Users change 
Requirements become 
more clear during soft-
ware life cycle 

Business-related Risks Stakeholder-related Risks 
Business risks 

Productivity loss 
Loss of reputation 
Loss of customers 
Negative value of unde-
sired event inherent in a 
feature 

Security related risks / 
misuse case risk 
Safety risks 

Ease of realization (eco-
nomic feasibility) 
Ease of realization (social 
feasibility) 
Ease of realization (political 
feasibility) 
Market uncertainty 
Sales barriers 
Commercial concerns 

Personnel risks 
Estimation risks (in size & team 
productivity) 
Risks of acceptance 
(Decision) uncertainty 
Part time team member use 

 
 

Risks [4] [11] [21] [29] [30] [33] [44] [51] [52] [74] [75] [79] [34] [54] # Mentions: 14 
Business-related Risks 
Criterion References Interpretation Ex. Metric # 

Business risks [5] [57] [59] [80] Risks for the business of any 
kind, if the requirement is imple-
mented. 

E.g., proba-
bility * loss / 
damage [34] 
[57] [58] [59] 
in [€] 

4 

Productivity loss [57] Risks due to loss of productivity, 
if the requirement is imple-
mented. 

Qualitative 1 

Loss of reputation [57] Risks due to loss of reputation, if 
the requirement is implemented. 

Qualitative 1 

Loss of customers [57] Risks due to loss of customers, if 
the requirement is implemented. 

Qualitative 1 

Negative value of 
undesired event 
inherent in a fea-
ture 

[44] Negative value of any kind, if the 
requirement is implemented. 

E.g., damage 
in [€] 

1 

Security related 
risks / misuse 
case risk 

[57] [59] [67] [83] Security related risks, if the (mis-
use) requirement is imple-
mented. 

E.g., damage 
in [€] 

4 

Safety risks [83] Safety risks, if the requirement is 
implemented. 
 
 

E.g., damage 
in [€] 

1 
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Criterion References Interpretation Ex. Metric # 
Ease of realization 
(economic feasibil-
ity) 

[73] [81] Economic feasibility (e.g., finan-
cial) of the requirement. 

Qualitative 2 

Ease of realization 
(social feasibility) 

[81] Social feasibility (e.g., concerning 
stakeholders) of the require-
ment. 

Qualitative 1 

Ease of realization 
(political feasibility) 

[81] Political feasibility (e.g., govern-
mental issues) of the require-
ment. 

Qualitative 1 

Market uncertainty [64] Uncertainty in understanding the 
right customers’ needs repre-
sented in the requirement. 

Qualitative 1 

Sales barriers [5] [11] Potential sales barriers for the 
software product, if the require-
ment is implemented. 

Qualitative 2 

Commercial con-
cerns 

[44] Commercial concerns for the 
software product, if the require-
ment is implemented. 

Qualitative 1 

 
Technical & Implementation-related Risks 
Criterion References Interpretation Ex. Metric # 

Technical risks [1] [2] [12] [34] [42] 
[43] [65] [80] [81] 

Technical risks of any kind, if the 
requirement is implemented. 

Qualitative 9 

Architecture con-
flict 

[34] Risks due to conflicts with the 
existing architecture, if the re-
quirement is implemented [34]. 

Qualitative 1 

Severe redesign 
of architecture 

[43] Risks due to changes that call for 
severe redesign of the current 
architecture [43], if the require-
ment is implemented. 

Qualitative 1 

Impact on es-
sential non-
functional re-
quirements 

[43] Risks due to changes that impact 
essential non-functional require-
ments [43], if the requirement is 
implemented. 

Qualitative 1 

Database risks [83] Risks due to involvement of non-
standard data in the implemen-
tation of the requirement, which 
is not available in an existing sys-
tem database [83]. 

Qualitative 1 

Product quality 
loss 

[34] Risks, that the software product 
cannot fulfill the needs of func-
tions and performance [34], if 
the requirement is implemented. 

Qualitative 1 

Performance 
risks 

[12] [83] Risks for the performance of the 
software system, if the require-
ment is implemented. 

E.g., perfor-
mance losses 
in [s] 

2 

Risk of mainte-
nance 

[17] [43] 
  

Risks due to non-compliance to 
maintenance objectives, if the 
requirement is implemented 
[43]. 

Qualitative 2 

Loss of confi-
dential data 

[57] Risks due to losses of confiden-
tial data [57], if the requirement 
is implemented. 

Qualitative 1 

Technical risk in 
current system 

[5] Technical risks in the current sys-
tem, if the requirement is imple-
mented. 
 

Qualitative 1 
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Criterion References Interpretation Ex. Metric # 
Technical risk in 
proposed system 

[5] Technical risks in the proposed 
system, if the requirement is im-
plemented. 

Qualitative 1 

(Technical) Com-
plexity 

[4] [6] [7] [8] [9] [12] 
[10] [24] [47] [76] 

Risks due to complexity in the 
implementation of the require-
ment. 

Qualitative 10 

Implementation risk [2] [3] [4] [17] [48] 
[50] [71] 

Implementation risks of any kind 
(e.g., development, stakehold-
ers, etc.), if the requirement is 
implemented. 

Qualitative 7 

Implementation 
technology risks / 
technical uncer-
tainty 

[64] [83] Risks due to using a new tech-
nology for the first time needed 
for the implementation of the 
requirement [83]. 

Qualitative 2 

Scope loss [34] Risks due to development activi-
ties are not toward the software 
system’s goals [34], if the re-
quirement is implemented. 

Qualitative 1 

Risk of buggy im-
plementation 

[71] Risks of buggy implementation 
of the requirement. 

Qualitative 1 

Implementation 
difficulty 

[3] [4] [5] [12] [34] 
[42] [57] [58] [74] 

Risks due to difficult implemen-
tation of the requirement. 

Qualitative 9 

Development 
risk 

[4] [16] [18] [34] 
[36] [46] [65][71] 

Development risks of any kind, if 
the requirement is implemented. 

Qualitative 8 

Difficulty of 
programming 
language used 

[76] Risks due to difficulty of the pro-
gramming language used to im-
plement the requirement. 

Qualitative 1 

Large Size [4] Risks due to difficult implemen-
tation because of large size of 
the requirement [4]. 

Number of 
lines of code 

1 

Tedium [4] Risks due to tedium [4] during 
implementation of the require-
ment. 

Qualitative 1 

Uncertainty [4] Risks due to difficult implemen-
tation because of uncertainty [4] 
in the requirement]. 

Qualitative 1 

Novelty [4] Risks due to difficult implemen-
tation because of novelty [4] of 
the requirement. 

Qualitative 1 

Number of 
people involved 

[4] Risks due to difficult implemen-
tation because of number of 
people involved in the imple-
mentation [4] of the require-
ment. 

Number of 
people 

1 

Organizational 
constraints 

[4] Risks due to difficult implemen-
tation of the requirement be-
cause of organizational con-
straints [4]. 

Qualitative 1 

Implementation 
feasibility 

[77] Implementation feasibility (e.g. 
technical feasibility) of the re-
quirement. 

Qualitative 1 

Ease of realiza-
tion (technical 
feasibility) 

[73] [81] Technical feasibility (e.g., archi-
tecture compliance) of the re-
quirement. 
 
 
 

Qualitative 2 
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Criterion References Interpretation Ex. Metric # 
External risks [17] [83] Risks due to involvement of ex-

ternal contractors in the imple-
mentation of the requirement 
[83]. 

Qualitative 2 

 
Stakeholder-related Risks 
Criterion References Interpretation Ex. Metric # 

Personnel risks [34] Risks due to lack of domain 
knowledge of customers [34] re-
lated to the requirement. 

Qualitative 1 

Estimation risks (in 
size & team produc-
tivity) 

[34] Risks due to wrong estimation of 
requirements size and develop-
ment team productivity [34] by 
stakeholders. 

Qualitative 1 

Risks of acceptance [17] Risks due to acceptance of the 
requirement by customers [17]. 

Qualitative 1 

(Decision) uncertainty [51] Risks due to uncertainty of 
stakeholders in assessing the re-
quirement. 

Qualitative 1 

Part time team mem-
ber use 

[76] Risks due to part time team 
member use for implementing 
the requirement. 

Qualitative 1 

 
Project-related Risks 
Criterion References Interpretation Ex. Metric # 

Overrun / schedule 
risk / loss 

[2] [12] [34] Risks due to time overrun of the 
software development project 
(e.g., postponement of the re-
lease [34], if the requirement is 
implemented. 

Time in [days] 3 

Over budget risk [2] Risks due to budget overrun of 
the software development pro-
ject, if the requirement is imple-
mented. 

Budget over-
run in [€] 

1 

Fixing cost (losses) [57] Risks due to losses of fixing cost, 
if the requirement is imple-
mented. 

Losses in [€] 1 

(Implementation) Pro-
cess risk 

[5] [12] [83] Risks due to changes to the nor-
mal development process (e.g., 
introduction of mathematical 
specifications for a safety re-
quirement) [83]. 

Qualitative 3 

Environmental factor 
(development con-
text) 

[76] Inefficiencies in the development 
project [76] (i.e., the develop-
ment context) that may affect 
the implementation of the re-
quirement. 

Qualitative 1 

Project duration [64] Risks due to project duration 
[64] that may affect the imple-
mentation of the requirement. 

Duration in 
[days] 

1 

Project dependencies [64] Risks due to dependencies to 
other projects (i.e., limited flexi-
bility) [64] that may affect the 
implementation of the require-
ment.  
 
 

Qualitative 1 
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Criterion References Interpretation Ex. Metric # 
Impediment of attain-
ing the requirement 
in the project 

[53] Risks of not attaining the re-
quirement in the project [53]. 

Loss of re-
quirements 
attainment in 
[percent] [53] 

1 

 
Requirements Status related Risks 
Criterion References Interpretation Ex. Metric # 

Vague story [34] Risks due to the vague require-
ments’ specification. 

Qualitative 1 

Requirements volatil-
ity / stability 

[3] [4] [5] [6] [7] [8] 
[9] [10] [12] [25] 
[29] [34] [38] [43] 
[47] [54] [57] [74] 
[76] [83] 

Risks due to volatility of the re-
quirement [12]. 

E.g., number 
of updates to 
the require-
ment [71] 

20 

Changes from 
business perspec-
tive 

[43] [12] Risks due to changes to the re-
quirement from business per-
spective [12]. 

Qualitative 2 

Changes from 
technical perspec-
tive 

[43] Risks due to changes to the re-
quirement from technical per-
spective. 

Qualitative 1 

Market changes [12] Risks due to changes to the re-
quirement because the market 
changes [12]. 

Qualitative 1 

Legislative changes [12] Risks due to changes to the re-
quirement because of legislative 
changes [12]. 

Qualitative 1 

Users change [12] Risks due to changes to the re-
quirement because of changing 
users of the software system 
[12]. 

Qualitative 1 

Requirements be-
come more clear 
during software 
life cycle 

[12] Risks due to changes to the re-
quirement because it may be-
come more clear in later stages 
of the software life cycle [12]. 

Qualitative 1 

 
 

Penalties & Penalty Avoidance 
Negative value / loss / damage / penalty to business / loss of value 
Harm avoidance 
 

Operational (Business) Performance related Penalties 

 

Financial Penalties 
How complicated would workaround be 
Penalty in operation / performance impact 

Cost of not implementing 
Financial penalty / profit aspect (penalty) 
Legal mandate / regulations 
Promised / contractual commitment 

Customer Penalties 
Negative value / damage / penalty for / loss to customer 
Customer dissatisfaction 

Product- & Market-related Penalties Stakeholder Penalties 
Detraction from product’s value / damage to product 
Market share aspect (penalty) 

(Stakeholder) Dissatisfaction  
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Penalties & Penalty Avoidance 
Criterion References Interpretation Ex. Metric # 

Negative value / loss / 
damage / penalty to 
business / loss of 
value 

[1] [2] [12] [25] [38] 
[40] [46] [65] [81]  
  

Negative value to the business of 
any kind (e.g., penalties, finan-
cial losses) if the requirement is 
not implemented. 

Qualitative 9 

Harm avoidance [3] [74] Harm (danger, damage) avoid-
ance of any kind, if the require-
ment is implemented. 

Qualitative 2 

 
Operational (Business) Performance related Penalties 
Criterion References Interpretation Ex. Metric # 

How complicated 
would workaround be 

[46] Complexity of a workaround 
(e.g., manual tasks), if the re-
quirement is not implemented. 

Qualitative 1 

Penalty in operation / 
performance impact 

[2] [44] Penalty for the business’ opera-
tions, if the requirement is not 
implemented. 

Qualitative 2 

 
Product & Market-related Penalties 
Criterion References Interpretation Ex. Metric # 

Detraction from prod-
uct’s value / damage 
to product 

[40] [46] Negative value to the product, if 
the requirement is not imple-
mented. 

Qualitative 2 

Market share aspect 
(penalty) 

[2] Penalty in market share, if the 
requirement is not implemented. 

[Percentage] 1 

 
Customer Penalties 
Criterion References Interpretation Ex. Metric # 

Negative value / dam-
age / penalty for / loss 
to customer 

[1] [40] [46] [48] 
[50] [65]  

Negative value to the customer 
of any kind (e.g., penalties, fi-
nancial losses) if the requirement 
is not implemented. 

Qualitative 6 

Customer dissatisfac-
tion 

[17] [46] Customer dissatisfaction, if the 
requirement is not implemented. 

Qualitative 2 

 
Financial Penalties 
Criterion References Interpretation Ex. Metric # 

Cost of not imple-
menting 

[5] [11] [13] Any costs that occur if the re-
quirement is not implemented 
(e.g., “breach of contract”- pay-
ment [13]). 

Penalty in [€] 3 

Financial penalty / 
profit aspect (penalty) 

[2] [5] Penalties in profit, if the require-
ment is not implemented (e.g., 
missed sales). 

Penalty in [€] 2 

Legal mandate / regu-
lations 

[3] [5] [11] [13] [42] 
[44] [74] 

Penalties due to legal regula-
tions, if the requirement is not 
implemented. 

Penalty in [€] 7 

Promised / contractual 
commitment 

[4] [5] [7] [10] [11] 
[13] [29] [30] [47] 

Penalties due to contractual 
commitments, if the requirement 
is not implemented. 

Penalty in [€] 9 

 
Stakeholder Penalties 
Criterion References Interpretation Ex. Metric # 

(Stakeholder) Dissatis-
faction 

[24] [57] Stakeholder dissatisfaction, if the 
requirement is not implemented. 

Qualitative 2 
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Business Context 
 
Utilization / Usage  

 

External Context  Stakeholders 
Frequency of use 
Actor priority / weight 

After sale support 
External dependencies 

Customer demand 
Formal governmental de-
mand 

Originator of requirement 
Stakeholder agreement 
Likelihood of success Time & Schedule 

Urgency 
Time to market 

 
 

Business Context 
External Context 
Criterion References Interpretation Ex. Metric # 

After sale support [6] [7] [8] [9] [10] 
[47] 

The ability and possibility to pro-
vide technical support, educa-
tion, and training to customers, 
markets and so forth with re-
spect to the requirement [6]. 

Qualitative 6 

External dependen-
cies 

[5] External dependencies on the re-
quirement. 

Qualitative 1 

Customer demand [5] [11] [12] [45] (Amount of) customer demand 
on the requirement. 

Number of 
customer 
wishes 

4 

Formal govern-
mental demand 

[44] Formal governmental demand 
on the requirement. 

Qualitative 1 

 
Time & Schedule 
Criterion References Interpretation Ex. Metric # 

Urgency [4] [5][12] [15] [17] 
[24] [28] [29] [30] 
[32] [35] [36] [42] 
[57] [77] 

The urgency to implement the 
requirement, e.g. caused by 
needs of the customer or the 
need to stay competitive in the 
marketplace [17]. 

Qualitative 15 

Time to market [3] [5] [12] [30] [43] 
[55] [74] 

The desired time to market of 
the requirement. 

Time in [days] 7 

 
Utilization / Usage 
Criterion References Interpretation Ex. Metric # 

Frequency of use [3] [4] [17] [40] [74] The frequency of use of the (sys-
tem functions described by the) 
requirement, if implemented. 

1 / time unit 5 

Actor priority / weight [62] [76] The importance of the user of 
the future system who uses the 
(system functions described by 
the) requirement, if imple-
mented. 

Qualitative 2 
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Stakeholders 
Criterion References Interpretation Ex. Metric # 

Originator of require-
ment 

[5] [6] [7] [8] [9] [10] 
[11] [12] [13] [47] 

The importance of the originator 
of the requirement (require-
ment’s source). 

Qualitative 10 

Stakeholder agree-
ment 

[42] The degree of stakeholder 
agreement on the requirement’s 
importance [42]. 

Qualitative 1 

Likelihood of success [42] The likelihood of success (e.g., 
non-divisive, stakeholder sup-
port) of a requirement in the 
software development project. 

Qualitative 1 

 
Technical Context & Requirements Characteristics 
 

Engineering Resources 

 

Dependencies 
 Technology, Infrastructure & Ar-

chitecture 
Staff competence / skills 

Familiarity of the life-cycle 
model during the project 
Experience on the area 
Experience on development 
methodology used 
Ability of analyzer 

Motivation of the team 
Balanced workload 
Resource availability / capacity 

Developer productivity 
Velocity 

Key resources 
Resources for specifica-
tion 
Functional resources 
Analysis and design 
Implementation / Devel-
opment 
Testing 
User interface 
Research 

Requirements dependencies 
Technical & functional de-
pendencies 
Number of requirements that 
depend on requirement 

Number of use cases this 
use case includes 
Number of use cases that 
includes this use case 
Number of use cases this 
use case extends 
Number of use cases that 
extend this use case 
Number of use cases in-
herited by this use case 

Feature weight from use 
cases 
Revenue dependencies 
Cost / effort dependencies 
Inter-domain dependencies 
Dependencies among user 
stories 
Dependencies among delivery 
stories (between non-func-
tional requirements and ar-
chitectural choices) 

Implementation dependencies 
Intra-domain dependencies 
Dependencies due to down-
stream activities 
Team-based dependencies 

System impact (changes to ex-
isting system) 

Keep legacy system alive 
(Impact on) Maintenance 
(of current system) 
(Long term) architecture 
Impact 

Importance for product 
architecture 
Technical debt 
(Impact on long-term) 
Evolution (of system) 

(Short term) Architectural / 
development impact 
Infrastructure (criticality) 
Preferred operating archi-
tecture 
Technology opportunities 
Technology should support 
current functionality 
Integration to external sys-
tems 

System value of a feature (im-
pacted components) 
Use case weight (transactions) 
Adherence to corporate soft-
ware design parameters 

IT departments technical 
guidelines 

Technical priority 

Requirements Status & Qualities 
Readiness for implementation 
Adequate / Sufficient detail in 
specification 
Requirements quality / require-
ments specification factors 

Modifiability 
Traceability 
Testability 
Completeness 
Consistency 
Understandability 
Within Scope 
Non-redundant 

Utilization / Usage Time & Schedule 
Object usage for a particular sce-
nario of the use case 
Actor usage for a particular sce-
nario of the use case 
Reuse potential / reuse frequency 
Number of times use case ap-
pears in model 

(Implementation) time / sched-
ule 

(Development) Lead time 
Delivery date / release date 
Project deadline / temporality 
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Technical Context & Requirements Characteristics 
Engineering Resources 
Criterion References Interpretation Ex. Metric # 

Staff competence / 
skills 

[5] [6] [7] [8] [9] [10] 
[12] [19] [28] [29] 
[30] [36] [44] 
[47][72][79] 

Competence of the software de-
velopment staff for implement-
ing the requirement. 

Qualitative 16 

Familiarity of the 
life-cycle model 
during the project 

[76] Familiarity of the software devel-
opment staff with the life-cycle 
model for implementing the re-
quirement. 

Number of 
projects with 
the life-cycle 
model 

1 

Experience on the 
area 

[76] Domain experience of the soft-
ware development staff for im-
plementing the requirement. 

Number of 
projects in 
the domain 

1 

Experience on de-
velopment meth-
odology used 

[76] Experience of the software de-
velopment staff on the develop-
ment methodology used for im-
plementing the requirement. 

Number of 
projects with 
development 
methodology 

1 

Ability of analyzer [76] Ability of the analyzer who is re-
sponsible for the requirement. 

Qualitative 1 

Motivation of the 
team 

[76] Motivation of the team who is 
responsible for implementing the 
requirement. 

Qualitative 1 

Balanced workload [5] [19] [32] [37] 
[44] 

Workload on the team who is 
responsible for implementing the 
requirement. 

Qualitative 5 

Resource availability / 
capacity 

[5] [6] [7] [8] [9] [10] 
[11] [12] [13] [16] 
[17]  [18] [19] [21] 
[22] [23] [24] [25] 
[26] [27] [28] [29] 
[30] [31] [32] [36] 
[37] [38] [44] [46] 
[47] [48] [55] [56] 
[58] [64] [71] [72] 
[77] [79] 

Availability / capacity of (human) 
resources to implement the re-
quirement. 

Number of 
available hu-
man re-
sources 

40 

Developer produc-
tivity 

[19] [37] [38] [55] 
[72] [79] 

Productivity of the development 
team responsible for implement-
ing the requirement. 

Number of 
units of work 
completed in 
certain time 
interval 

6 

Velocity [48] [64] Velocity of the development 
team responsible for implement-
ing the requirement. 

Number of 
units of work 
completed in 
certain time 
interval 

2 

Key resources [44] Availability of key (human) re-
sources for implementing the re-
quirement. 

Number of 
available hu-
man re-
sources 

1 

Resources for 
specification 

[44] [29] Availability of human resources 
for further specification of the 
requirement. 

Number of 
available hu-
man re-
sources 

2 

Functional re-
sources 

[44] Availability of functional re-
sources for further elicitation 
and discussion of the require-
ment. 
 

Number of 
available hu-
man re-
sources 

1 
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Criterion References Interpretation Ex. Metric # 
Analysis and 
design 

[29] [36] Availability of human resources 
for analysis and design of the re-
quirement. 

Number of 
available hu-
man re-
sources 

2 

Implementa-
tion / Develop-
ment 

[29] [36] Availability of developers for im-
plementing the requirement. 

Number of 
available hu-
man re-
sources 

2 

Testing [29] [36] Availability of testers for testing 
the requirement. 

Number of 
available hu-
man re-
sources 

2 

User interface [36] Availability of user interface de-
signers for implementing the re-
quirement. 

Number of 
available hu-
man re-
sources 

1 

Research [36] Availability of researchers for im-
plementing the requirement. 

Number of 
available hu-
man re-
sources 

1 

 
Time & Schedule 
Criterion References Interpretation Ex. Metric # 

(Implementation) 
time / schedule 

[4][ 5] [19] [20] [23] 
[24] [69] 

The amount of time needed for 
implementing the requirement. 

Time in [days] 7 

(Development) 
Lead time 

[12] [25] [38] The amount of time needed for 
developing the requirement. 

Time in [days] 3 

Delivery date / release 
date 

[5] [6] [7] [8] [9] [10] 
[12] [21] [44] [47] 
[48] [49]  

The delivery date for the require-
ment. 

[Date] 12 

Project deadline / 
temporality 

[51] The (project) deadline for imple-
menting the requirement. 

[Date] 1 

 
Utilization / Usage 
Criterion References Interpretation Ex. Metric # 

Object usage for a 
particular scenario of 
the use case 

[60] [61] The number and frequency of 
the usage of objects described in 
the scenario of the use case. 

The number 
and fre-
quency of the 
usage of ob-
jects 

2 

Actor usage for a par-
ticular scenario of the 
use case 

[60] [61] The number and frequency of 
the usage by the actors de-
scribed in the scenario of the use 
case. 

The number 
and fre-
quency of the 
usage by the 
actors 

2 

Reuse potential / re-
use frequency 

[3] [4] [5] [25] [38] 
[46] [48] [74] 

Reuse potential of the require-
ment (e.g., in other projects). 

Qualitative 8 

Number of times use 
case appears in 
model 

[62] The number of times the use 
case appears in the use case 
model. 

Number of 
times the use 
case appears 

1 
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Dependencies 
Criterion References Interpretation Ex. Metric # 

Requirements de-
pendencies 

[3] [4] [6] [7] [8] [9] 
[10] [11] [12] [13] 
[17] [19] [21] 
[25][38] [42] [43] 
[47] [65] [74] 

Dependencies between the re-
quirement and other require-
ments. 

Number of 
dependencies 

20 

Technical & func-
tional dependen-
cies 

[44] Technical and functional de-
pendencies of the requirement. 

Number of 
dependencies 

1 

Number of re-
quirements that 
depend on re-
quirement 

[3] The number of requirements 
that depend on the requirement. 

Number of 
dependencies 

1 

Number of use 
cases this use 
case includes 

[62] The number of use cases this use 
case includes. 

Number of 
dependencies 

1 

Number of use 
cases that in-
cludes this use 
case 

[62] The number of use cases that in-
cludes this use case. 

Number of 
dependencies 

1 

Number of use 
cases this use 
case extends 

[62] The number of use cases this use 
case extends. 

Number of 
dependencies 

1 

Number of use 
cases that ex-
tend this use 
case 

[62] The number of use cases that ex-
tends this use case. 

Number of 
dependencies 

1 

Number of use 
cases inherited 
by this use 
case 

[62] The number of use cases inher-
ited by this use case. 

Number of 
dependencies 

1 

Feature weight 
from use cases 

[71] The weight of the requirement 
derived from its use case. 

Qualitative 1 

Revenue depend-
encies 

[17] [38] Revenue dependencies between 
the requirement and other re-
quirements. 

Qualitative 2 

Cost / effort de-
pendencies 

[17] [38] Cost dependencies between the 
requirement and other require-
ments. 

Qualitative 2 

Inter-domain de-
pendencies 

[43] Inter-domain dependencies 
(cross-cutting multiple business 
areas) [43] of the requirement. 

Qualitative 1 

Dependencies 
among user sto-
ries 

[43] Dependencies of the require-
ment to other requirements im-
posed by the order of activities 
in a specific business process 
[43]. 

Qualitative 1 

Dependencies 
among delivery 
stories (between 
non-functional re-
quirements and 
architectural 
choices) 

[43] Dependencies between the 
(non-functional) requirement 
(e.g. usability, maintainability) 
and architecture choices [43]. 
 
 
 
 
 
 

Qualitative 1 
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Criterion References Interpretation Ex. Metric # 
Implementation de-
pendencies 

[3] [4] [5] [11] [12] 
[13] [15] [16] [17] 
[18] [19] [22] [23] 
[26] [27] [28] [29] 
[31] [32] [34] [35] 
[36] [37] [38] [44] 
[46] [55] [65] [70] 
[74] [75] 

Implementation (order) depend-
encies between the requirement 
and other requirements. 

Qualitative 31 

Intra-domain de-
pendencies 

[43] Intra-domain dependencies be-
tween the requirement and 
other requirements (i.e., se-
quence requirements that build 
upon each other within a spe-
cific business process [43]). 

Qualitative 1 

Dependencies due 
to downstream 
activities 

[43] Dependencies between the re-
quirement and other require-
ments due to downstream activi-
ties (i.e. sequencing require-
ments in a way that maximizes 
the use of the available human 
resources, e.g. testers, designers, 
architects [43]). 

Qualitative 1 

Team-based de-
pendencies 

[43] Team-based dependencies of the 
requirement. 

Qualitative 1 

 
Requirements Status & Qualities 
Criterion References Interpretation Ex. Metric # 

Readiness for imple-
mentation 

[17] The readiness (e.g., clearly un-
derstanding) of the requirement 
for implementation. 

Qualitative 1 

Adequate / Sufficient 
detail in specification 

[44] Adequateness of the details in 
the specification of the require-
ment. 

Qualitative 1 

Requirements quality 
/ requirements speci-
fication factors 

[25] [38] [77] The specification quality of the 
requirement. 

Qualitative 3 

Modifiability [77] The modifiability of the require-
ment (it can undergo a change 
to optimize the system without 
affecting the system adversely 
[77]). 

Qualitative 1 

Traceability [77] The traceability of the require-
ment (it is such that a subse-
quent function of the system can 
be traced to it [77]). 

Qualitative 1 

Testability [77] The testability of the require-
ment (it can be tested and vali-
dated during the testing phase 
[77]). 

Qualitative 1 

Completeness [77] The completeness of the require-
ment (its statement has enough 
information to proceed to the 
next development phase [77]). 

Qualitative 1 

Consistency [77] The consistency of the require-
ment (its specification uses 
standard terminology and there 
are minimum conflicts [77]). 

Qualitative 1 
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Criterion References Interpretation Ex. Metric # 
Understandability [77] The understandability (easy de-

scription, easy review, grammati-
cally correct, single and clear 
meaning [77]) of the require-
ment. 

Qualitative 1 

Within Scope [77] The scope adherence of the re-
quirement (it does not envisage 
something which is not de-
scribed in original statement of 
scope [77]). 

Qualitative 1 

Non-redundant [77] The requirement is not dupli-
cated in complete or partially 
[77]. 

Qualitative 1 

 
Technology, Infrastructure & Architecture 
Criterion References Interpretation Ex. Metric # 

System impact 
(changes to existing 
system) 

[5] [6] [7] [10] [24] 
[57]  

Impact (changes) on the existing 
system, if the requirement is im-
plemented. 

Qualitative 6 

Keep legacy sys-
tem alive 

[44] Fit of the requirement to the leg-
acy system’s functionality. 

Qualitative 1 

(Impact on) 
Maintenance (of 
current system) 

[6] [7] [10] [47][69] Impact on the maintenance 
(e.g., causing maintenance prob-
lems) of the current system, if 
the requirement is implemented 
[6]. 

Qualitative 5 

(Long term) archi-
tecture Impact 

[4] [5] [12] [24] [82] (Long term) architecture impact, 
if the requirement is imple-
mented. 

Qualitative 5 

Importance for 
product archi-
tecture 

[12] The importance of the require-
ment for the software product 
architecture [12]. 

Qualitative 1 

Technical debt [43] Eventual consequences of poor 
system design (amount of archi-
tecture redesign related work) 
[43], if the requirement is imple-
mented. 

Qualitative 1 

(Impact on 
long-term) 
Evolution (of 
system) 

[6] [7] [8] [9] [10] 
[47]  

The impact of the requirement 
on the future evolution of the 
system (i.e., making long-term 
evolution of the system more 
complicated) [6]. 

Qualitative 6 

(Short term) Archi-
tectural / develop-
ment impact 

[12] (Short term) development im-
pact, if the requirement is imple-
mented. 

Qualitative 1 

Infrastructure (crit-
icality) 

[4]  Criticality of the requirement for 
the infrastructure (e.g., other 
systems that depend on it) [4]. 

Qualitative 1 

Preferred operat-
ing architecture 

[7] Importance of the requirement 
for the preferred operating ar-
chitecture. 

Qualitative 1 

Technology op-
portunities 

[29] [30] Technology opportunities to im-
plement the requirement. 

Qualitative 2 

Technology 
should support 
current functional-
ity () 

[44] Fit of the requirement to the cur-
rent technology. 

Qualitative 1 
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Criterion References Interpretation Ex. Metric # 
Integration to ex-
ternal systems 

[44] Importance of the requirement 
for the integration to external 
systems. 

Qualitative 1 

System value of a fea-
ture (impacted com-
ponents) 

[36] The number of other require-
ments with which the require-
ment shares impacted compo-
nents [36]. 

Number of 
components 

1 

Use case weight 
(transactions) 

[76] The weight of the use case 
based on the transactions [76]. 

Number of 
transactions 

1 

Adherence to corpo-
rate software design 
parameters 

[7] Adherence of the requirement to 
corporate design parameters. 

Qualitative 1 

IT departments 
technical guide-
lines 

[44] Adherence of the requirement to 
IT department’s technical guide-
lines. 

Qualitative 1 

Technical priority [62] The priority of the use case 
based on metrics from the use 
case diagram. 

Use Case 
Metrics 

1 
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Industry Expert (P) Assessment Result (Importance) 
ID Prioritization Criterion 

P1
 

P2
 

P3
 

P4
 

P5
 

P6
 

P7
 

P8
 

P9
 

P1
0 

P1
1 

P1
2 

P1
3 

P1
4 

P1
5 

P1
6 

P1
7 

P1
8 

P1
9 

P2
0 

Mean SD 

C1 Stakeholder Benefits 2 1 2 2 2 2 1 0 1 2 2 2 2 2 2 2 2 2 1 2 1.7 0.57 
C 
1.1 Customer satisfaction 1 1 2 2 2 2 1 1 1 2 2 2 2 2 2 1 2 2 2 2 1.7 0.47 
C 
1.2 End user satisfaction 2 2 2 2 2 2 1 1 1 2 1 1 2 2 2 2 1 2 1 2 1.65 0.49 
C 
1.3 Reputation improvement 0 0 0 2 1 1 0 0 0 0 0 1 1 0 2 1 0 2 1 2 0.7 0.80 
C2 Financial Benefits 1 1 2 2 2 1 1 1 2 2 2 1 2 2 2 1 2 1 2 2 1.6 0.50 
C 
2.1 Revenue generation 0 1 2 2 2 2 0 0 0 0 0 1 2 2 2 1 1 1 1 2 1.1 0.85 
C 
2.2 Cost reduction -1 1 2 2 2 0 2 1 1 1 2 1 1 2 2 1 1 2 2 2 1.35 0.81 

C3 
Operational Quality Ben-
efits 0 0 1 2 2 1 1 1 2 1 2 1 1 1 1 2 2 2 1 2 1.3 0.66 

C 
3.1 

Efficiency / productivity 
improvement 2 0 2 1 2 2 1 1 2 2 2 1 1 1 1 2 1 2 0 2 1.4 0.68 

C 
3.2 

Effectiveness improve-
ment 2 0 1 1 1 1 1 1 2 2 2 1 1 1 1 2 1 1 1 2 1.25 0.55 

C 
3.3 Scalability improvement 1 1 1 2 2 1 1 0 1 2 2 0 1 0 1 2 1 2 1 1 1.15 0.67 
C 
3.4 

Output quality improve-
ment 1 1 2 2 2 2 1 1 2 2 1 1 2 0 2 2 1 1 1 2 1.45 0.60 

C 
3.5 

Performance improve-
ment 1 1 2 2 2 0 1 0 1 2 2 1 2 1 2 1 1 1 1 2 1.3 0.66 

C 
3.6 

Operational risk reduc-
tion 1 0 0 2 2 2 2 -1 2 1 2 -1 1 1 2 1 0 2 2 2 1.15 1.04 

C 
3.7 Flexibility improvement 0 1 2 1 1 1 0 1 2 0 0 1 2 2 2 2 2 1 0 1 1.1 0.79 
C 
3.8 Complexity reduction 1 1 0 1 1 0 2 0 1 -1 1 1 2 2 2 1 1 1 0 1 0.9 0.79 
C 
3.9 Security improvement 0 1 1 2 2 1 1 0 1 2 -1 1 2 2 1 1 1 1 0 2 1.05 0.83 
C 
3.10 Reliability improvement 1 1 1 2 2 0 2 1 2 1 1 0 2 1 2 1 1 2 1 2 1.3 0.66 
C 
3.11 Portability improvement 0 1 -1 2 1 0 1 -1 1 0 0 0 1 -1 1 1 0 1 1 2 0.5 0.89 
C 
3.12 

Information quality im-
provement 0 1 1 2 2 0 2 0 2 2 1 1 2 1 1 2 2 2 0 2 1.3 0.80 

C 
3.13 

Compliance improve-
ment -1 1 2 2 2 2 2 -1 1 2 2 1 1 2 1 1 1 1 1 1 1.2 0.89 

C4 Strategy-related Benefits 1 0 0 2 1 1 1 1 0 0 0 1 2 1 1 0 1 1 1 2 0.85 0.67 
C 
4.1 

Innovativeness improve-
ment 0 0 0 1 1 0 1 1 0 0 -1 1 2 1 1 0 1 1 1 2 0.65 0.75 

C 
4.2 Market trend alignment 1 0 0 1 2 -1 1 1 0 1 -1 0 2 -1 1 2 1 1 0 2 0.65 0.99 
C 
4.3 

Strategic goal achieve-
ment 1 0 -1 2 2 1 1 1 -1 0 1 1 2 1 2 1 1 1 2 2 1 0.92 

C 
4.4 

Sustainability improve-
ment -1 0 -1 1 2 1 1 0 1 0 1 0 2 -1 1 1 1 2 -1 2 0.6 1.05 

C 
4.5 

Competitive opportuni-
ties -1 0 1 1 1 0 1 0 2 0 1 0 1 1 1 2 2 1 1 2 0.85 0.81 

C 
4.6 

Business relations im-
provement 1 0 1 1 2 2 1 1 2 2 1 1 2 1 2 2 1 2 0 2 1.35 0.67 

C5 Costs for Realization 1 2 2 2 2 0 1 2 1 2 1 1 2 1 1 1 1 2 2 2 1.45 0.60 
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ID Prioritization Criterion 

P1
 

P2
 

P3
 

P4
 

P5
 

P6
 

P7
 

P8
 

P9
 

P1
0 

P1
1 

P1
2 

P1
3 

P1
4 

P1
5 

P1
6 

P1
7 

P1
8 

P1
9 

P2
0 Mean SD 

C 
5.1 Implementation costs 1 1 2 2 2 1 1 2 1 2 0 1 2 2 2 1 1 2 2 2 1.5 0.61 
C 
5.2 Documentation costs -1 1 0 2 2 -1 1 0 0 2 0 0 1 1 1 1 0 2 -1 0 0.55 1.00 
C 
5.3 Testing costs 0 1 1 2 2 2 1 1 0 2 1 0 2 1 1 2 0 2 0 2 1.15 0.81 
C 
5.4 Deployment costs -1 1 1 2 2 0 1 1 2 2 0 0 1 1 1 1 0 1 0 1 0.85 0.81 
C 
5.5 Analysis costs 2 1 1 2 2 0 1 1 1 2 2 1 2 1 1 1 1 2 0 2 1.3 0.66 
C6 Costs for Operation 0 1 2 2 2 0 1 2 2 1 0 0 1 1 1 1 1 2 1 2 1.15 0.75 
C 
6.1 Maintenance costs -1 1 2 2 2 0 1 2 2 2 1 1 1 1 2 1 0 2 1 2 1.25 0.85 
C 
6.2 Execution costs 1 1 2 2 2 0 1 1 2 1 -1 1 1 1 1 1 0 2 0 2 1.05 0.83 
C 
6.3 Infrastructure costs 1 1 1 2 2 -1 1 1 1 0 -1 0 2 1 2 -1 0 1 1 0 0.7 0.98 
C 
6.4 Training costs 2 1 1 2 1 1 1 1 2 0 2 1 2 1 1 0 0 1 1 2 1.15 0.67 
C 
6.5 Support costs 0 1 2 2 1 1 1 1 1 0 2 1 2 1 1 1 0 1 1 1 1.05 0.60 
C7 Difficulty of Realization 0 0 1 2 2 0 1 0 2 2 2 1 2 1 1 1 1 2 2 0 1.15 0.81 
C 
7.1 Technical risks 1 0 1 1 1 1 1 1 1 1 2 0 2 2 2 1 0 2 0 0 1 0.73 
C 
7.2 Legal risks -1 1 0 1 1 0 1 -1 1 -1 1 1 1 1 2 1 1 1 1 0 0.6 0.82 
C 
7.3 Organizational risks 0 0 -1 1 2 1 1 -1 1 1 0 1 2 2 1 1 1 2 2 0 0.85 0.93 

C8 
Requirements Risks dur-
ing Realization 0 1 -1 1 1 1 1 1 1 2 2 1 2 1 1 1 1 1 1 1 1 0.65 

C 
8.1 

Requirements volatility 
risks 0 1 -1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 0.65 

C 
8.2 

Requirements depend-
ency risks 0 1 -2 1 1 1 1 0 1 2 1 1 2 0 1 1 1 1 0 2 0.8 0.89 

C9 
Stakeholder Risks during 
Realization 1 0 0 1 1 0 1 -1 1 -1 0 0 1 1 2 0 0 1 1 -1 0.4 0.82 

C 
9.1 Internal motivational loss 1 0 -1 1 1 0 1 -1 1 -1 0 0 0 1 2 1 -1 1 2 -2 0.3 1.08 
C 
9.2 External acceptance loss -1 -1 0 1 1 -1 1 -1 0 -2 0 1 1 1 2 0 0 1 1 1 0.25 1.02 

C10 
Economic Risks during 
Realization 0 1 1 2 2 1 2 1 1 1 1 1 2 0 2 1 0 1 0 0 1 0.73 

C 
10.1 Overrun risks 1 1 1 2 2 1 1 1 1 1 1 0 2 0 2 1 0 1 0 1 1 0.65 
C 
10.2 Over budget risks 2 1 1 2 2 1 1 1 1 2 1 1 2 0 2 0 0 1 1 2 1.2 0.70 
C11 Penalties (if not realized) 0 1 2 2 2 0 1 0 1 2 0 1 1 1 2 0 1 2 1 1 1.05 0.76 
C 
11.1 

Operational quality dam-
age (P) 0 1 1 2 2 0 1 0 1 1 0 1 2 1 2 1 0 2 1 0 0.95 0.76 

C 
11.2 Stakeholder damage (P) 1 1 2 1 2 1 1 0 1 0 0 1 1 1 2 0 1 2 1 2 1.05 0.69 
C 
11.3 Strategic damage (P) 0 1 1 1 1 1 1 0 0 -1 0 0 2 1 2 0 1 2 1 1 0.75 0.79 
C 
11.4 Financial damage (P) 1 2 2 2 2 1 1 1 0 2 0 1 2 1 2 1 2 2 2 1 1.4 0.68 
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ID Prioritization Criterion 

P1
 

P2
 

P3
 

P4
 

P5
 

P6
 

P7
 

P8
 

P9
 

P1
0 

P1
1 

P1
2 

P1
3 

P1
4 

P1
5 

P1
6 

P1
7 

P1
8 

P1
9 

P2
0 Mean SD 

C12 Risks after Realization 0 0 1 2 2 1 1 0 1 1 0 1 2 0 2 0 1 1 1 1 0.9 0.72 
C 
12.1 

Operational quality dam-
age 1 0 1 2 2 1 1 1 1 2 0 1 2 0 2 0 1 2 1 2 1.15 0.75 

C 
12.2 Stakeholder damage 1 0 2 2 2 2 1 -1 1 0 0 1 1 0 2 0 1 2 0 2 0.95 0.94 
C 
12.3 Strategic damage 0 0 0 1 1 1 1 0 1 0 0 0 2 0 1 0 1 1 2 2 0.7 0.73 
C 
12.4 Financial damage 0 0 2 2 2 2 1 0 2 1 0 1 1 0 2 0 2 1 2 2 1.15 0.88 

C13 
Environmental Condi-
tions 0 1 1 2 2 1 1 1 0 -1 2 0 1 0 0 1 1 2 1 -1 0.75 0.91 

C 
13.1 Support & Sponsorship 2 1 2 2 2 2 1 -1 -1 2 2 1 1 2 0 1 1 2 2 0 1.2 1.01 
C 
13.2 Governmental demand 0 1 0 1 1 0 1 2 2 -2 1 0 1 -2 0 1 1 1 0 0 0.45 1.05 
C14 Stakeholders 1 0 1 1 2 2 1 1 1 0 2 1 2 0 1 1 1 2 1 2 1.15 0.67 
C 
14.1 Originator priority 1 1 1 1 2 1 1 1 1 0 2 1 2 -1 0 2 2 2 1 2 1.15 0.81 
C 
14.2 Stakeholder agreement 2 1 2 1 2 2 1 1 1 1 2 1 1 2 2 1 1 2 1 2 1.45 0.51 
C15 Time & Utilization 0 1 1 2 2 0 1 1 2 1 2 0 2 1 1 1 1 2 1 1 1.15 0.67 
C 
15.1 Frequency of use -1 1 1 1 2 0 1 1 2 1 2 0 2 1 -2 2 1 2 1 1 0.95 1.05 
C 
15.2 Urgency 0 1 2 2 2 0 1 2 2 2 2 1 2 2 1 1 2 2 2 2 1.55 0.69 
C16 Changes & Impact 0 1 0 0 0 1 2 -1 2 1 1 0 1 1 1 1 1 2 1 2 0.85 0.81 
C 
16.1 Need for change 1 1 -1 1 1 1 1 -1 1 2 1 1 1 1 2 1 1 2 1 2 1 0.79 
C 
16.2 

Readiness for improve-
ment 1 1 0 1 2 0 1 -1 1 1 0 0 1 1 1 1 1 2 1 2 0.85 0.75 

C 
16.3 Impact 1 1 1 1 1 2 2 -1 1 0 2 1 2 2 2 2 0 1 1 0 1.1 0.85 
C17 Requirements 1 1 1 2 2 1 1 0 1 1 0 1 1 1 1 1 1 1 1 2 1.05 0.51 
C 
17.1 

Reuse potential (of solu-
tion) 0 1 1 2 2 2 1 1 2 2 0 1 2 1 1 2 1 0 2 2 1.3 0.73 

C 
17.2 

Requirements depend-
encies 0 1 0 2 2 0 1 0 0 2 0 1 1 1 2 1 0 2 0 2 0.9 0.85 

C18 Engineering 1 1 2 2 2 1 1 1 1 1 1 1 2 1 2 1 -1 2 2 2 1.3 0.73 
C 
18.1 Staff competence 1 1 2 2 2 2 0 1 2 2 1 1 2 1 2 1 -1 2 2 2 1.4 0.82 
C 
18.2 Motivation of the team 2 2 1 2 2 2 1 0 2 -1 1 1 1 1 2 2 -1 2 2 2 1.3 0.98 
C 
18.3 Resource availability 0 2 2 2 2 0 1 1 1 2 2 2 2 2 2 1 1 2 2 1 1.5 0.69 
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1.65
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1.5

1.5
1.45

1.45
1.4

1.4
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1.35
1.35

1.3
1.3
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1.25
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1.15

1.15
1.15

1.15
1.15

1.15
1.15

1.1
1.1

1.1
1.05

1.05
1.05

1.05
1

1
1

1
1

0.95
0.95

0.95
0.9

0.9
0.85

0.85
0.85

0.85
0.8

0.75
0.7

0.7
0.7

0.65
0.65

0.6
0.6

0.55
0.5

0.45
0.3

0.25

-2

-1.5 -1

-0.5 0

0.5 1

1.5 2

B: Customer satisfaction
B: End user satisfaction

X: Urgency
C: Implementation costs

X: Resource availability
B: Output quality improvement

X: Stakeholder agreement
B: Efficiency / productivity improvement

R: Financial damage (P)
X: Staff competence

B: Cost reduction
B: Business relations improvement

B: Performance improvement
B: Reliability improvement

B: Information quality improvement
C: Analysis costs

X: Reuse potential (of solution)
X: Motivation of the team

B: Effectiveness improvement
C: Maintenance costs

B: Compliance improvement
R: Over budget risks

X: Support & Sponsorship
B: Scalability improvement

B: Operational risk reduction
C: Testing costs

C: Training costs
R: Operational quality damage

R: Financial damage
X: Originator priority

B: Revenue generation
B: Flexibility improvement

X: Impact
B: Security improvement

C: Execution costs
C: Support costs

R: Stakeholder damage (P)
B: Strategic goal achievement

R: Technical risks
R: Requirements volatility risks

R: Overrun risks
X: Need for change

R: Operational quality damage (P)
R: Stakeholder damage

X: Frequency of use
B: Complexity reduction

X: Requirements dependencies
B: Competitive opportunities

C: Deployment costs
R: Organizational risks

X: Readiness for improvement
R: Requirements dependency risks

R: Strategic damage (P)
B: Reputation improvement

C: Infrastructure costs
R: Strategic damage

B: Innovativeness improvement
B: Market trend alignment

B: Sustainability improvement
R: Legal risks

C: Documentation costs
B: Portability improvement

X: Governmental demand
R: Internal motivational loss
R: External acceptance loss

Criteria ranked according to M
ean Im

portance
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Industry Expert (P) Assessment Result (Ease of Assessment) 
ID Prioritization Criterion 

P1
 

P2
 

P3
 

P4
 

P5
 

P6
 

P7
 

P8
 

P9
 

P1
0 

P1
1 

P1
2 

P1
3 

P1
4 

P1
5 

P1
6 

P1
7 

P1
8 

P1
9 

P2
0 

Mean SD 

C1 Stakeholder Benefits 1 1 1 1 1 1 1 0 0 2 0 0 0 1 0 0 1 1 1 1 0.7 0.57 
C 
1.1 Customer satisfaction 0 1 1 2 2 1 1 0 1 2 -1 0 0 1 0 1 1 1 1 2 0.85 0.81 
C 
1.2 End user satisfaction -1 1 1 1 1 1 1 -1 2 2 1 -1 0 1 2 0 1 1 1 2 0.8 0.95 
C 
1.3 Reputation improvement 0 0 -2 1 0 0 0 -1 0 -1 -2 1 -2 0 -1 0 -1 0 0 0 -0.4 0.88 
C2 Financial Benefits 0 0 0 2 2 2 1 1 -1 2 -1 1 1 -1 1 -1 0 1 0 0 0.5 1.05 
C 
2.1 Revenue generation 0 1 -1 2 2 2 1 0 -1 -1 1 -1 1 -1 1 0 -1 1 1 0 0.35 1.09 
C 
2.2 Cost reduction -2 1 0 2 2 2 -1 1 1 2 0 0 0 -1 1 1 -1 0 1 1 0.5 1.15 

C3 
Operational Quality Ben-
efits 0 0 0 1 1 0 0 0 0 1 1 0 -1 2 2 0 0 1 1 1 0.5 0.76 

C 
3.1 

Efficiency / productivity 
improvement 1 -1 1 0 1 1 1 0 1 2 1 0 -1 2 2 1 0 2 0 1 0.75 0.91 

C 
3.2 

Effectiveness improve-
ment 1 -1 0 1 1 -1 1 1 0 2 1 -1 -1 2 2 -1 -1 0 0 1 0.35 1.09 

C 
3.3 Scalability improvement 1 0 1 2 2 0 0 1 1 2 0 0 -2 1 2 0 0 1 0 0 0.6 0.99 
C 
3.4 

Output quality improve-
ment 1 -1 1 1 1 1 1 0 0 2 0 -1 -1 1 2 1 -1 1 1 0 0.5 0.95 

C 
3.5 

Performance improve-
ment 1 1 2 1 1 1 1 0 1 2 1 -1 0 -1 2 1 0 1 1 -1 0.7 0.92 

C 
3.6 

Operational risk reduc-
tion 1 -1 -2 -1 1 -1 1 0 -1 1 1 -1 -2 -1 -1 -1 0 2 -1 0 -0.3 1.13 

C 
3.7 Flexibility improvement -1 0 0 0 1 -1 0 1 2 0 -2 -1 -2 2 2 0 0 0 0 -1 0 1.17 
C 
3.8 Complexity reduction -1 0 1 0 1 -1 1 0 1 -1 0 0 -2 0 2 -1 0 1 0 0 0.05 0.94 
C 
3.9 Security improvement 0 1 1 2 2 -1 0 1 1 2 -2 0 0 1 2 1 0 2 0 1 0.7 1.08 
C 
3.10 Reliability improvement 1 0 -1 2 2 1 1 1 1 2 0 0 1 2 2 1 0 2 0 1 0.95 0.89 
C 
3.11 Portability improvement 0 0 0 2 1 0 -1 1 1 0 1 1 -1 2 -2 0 0 0 0 1 0.3 0.98 
C 
3.12 

Information quality im-
provement 1 1 1 2 2 1 -1 0 0 2 1 -1 -1 2 1 0 0 2 0 0 0.65 1.04 

C 
3.13 

Compliance improve-
ment 0 1 2 2 2 1 1 0 1 2 0 1 0 -1 2 1 0 2 0 -1 0.8 1.01 

C4 Strategy-related Benefits 0 0 -1 1 1 -1 0 0 0 -1 -1 0 -1 -1 0 1 -1 0 0 0 -0.2 0.70 
C 
4.1 

Innovativeness improve-
ment 0 -1 -1 0 1 -1 -1 0 0 -1 -2 0 -2 -1 -2 0 0 1 1 0 -0.45 0.94 

C 
4.2 Market trend alignment 0 -1 0 0 1 -1 -1 0 2 0 -2 0 -2 -1 -2 -1 -1 1 0 1 -0.35 1.09 
C 
4.3 

Strategic goal achieve-
ment 1 0 -1 2 2 1 1 0 -1 -1 -1 -1 -1 1 2 0 -1 0 0 1 0.2 1.11 

C 
4.4 

Sustainability improve-
ment 0 0 -2 2 2 0 1 0 -1 0 -1 -2 -2 1 0 1 -1 1 -1 1 -0.05 1.23 

C 
4.5 

Competitive opportuni-
ties 0 0 0 2 1 -1 -1 -1 0 -1 -2 -1 -1 -1 1 0 0 1 0 2 -0.1 1.07 

C 
4.6 

Business relations im-
provement 0 0 0 2 2 1 -1 1 1 2 -1 0 0 1 2 1 0 1 0 1 0.65 0.93 
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ID Prioritization Criterion 

P1
 

P2
 

P3
 

P4
 

P5
 

P6
 

P7
 

P8
 

P9
 

P1
0 

P1
1 

P1
2 

P1
3 

P1
4 

P1
5 

P1
6 

P1
7 

P1
8 

P1
9 

P2
0 Mean SD 

C5 Costs for Realization -1 2 1 2 2 2 1 1 2 2 0 1 -1 2 2 0 0 1 2 2 1.15 1.04 
C 
5.1 Implementation costs 1 2 1 2 2 2 0 1 2 2 -1 1 -2 2 2 1 0 2 1 2 1.15 1.14 
C 
5.2 Documentation costs 1 2 2 2 2 2 0 1 1 2 1 1 0 2 2 1 0 1 -1 1 1.15 0.88 
C 
5.3 Testing costs 1 2 2 2 2 2 0 -1 1 2 1 0 -1 1 2 -1 0 2 0 1 0.9 1.12 
C 
5.4 Deployment costs 1 2 1 2 2 2 0 1 2 2 2 0 0 2 2 0 0 1 0 2 1.2 0.89 
C 
5.5 Analysis costs 0 2 2 2 2 2 0 0 0 2 -1 -1 -2 1 2 1 0 0 0 2 0.7 1.26 
C6 Costs for Operation 0 1 0 2 2 2 1 1 2 2 1 0 0 2 1 1 -1 0 0 1 0.9 0.91 
C 
6.1 Maintenance costs 1 1 0 2 2 2 1 1 2 2 -1 -1 1 2 2 0 -1 0 1 1 0.9 1.07 
C 
6.2 Execution costs 0 2 1 2 2 2 1 1 2 2 1 -1 -1 2 1 1 -1 1 0 1 0.95 1.05 
C 
6.3 Infrastructure costs 1 2 2 2 2 2 1 2 2 2 1 0 2 2 1 0 1 1 1 0 1.35 0.75 
C 
6.4 Training costs 1 2 2 2 1 2 1 2 2 2 0 -1 2 2 2 0 0 1 1 1 1.25 0.91 
C 
6.5 Support costs 1 1 1 2 1 2 1 1 1 1 -1 -1 1 2 2 0 -1 0 1 1 0.8 0.95 
C7 Difficulty of Realization 0 0 0 2 2 -1 0 -1 0 2 -1 -1 -2 0 -1 -1 -1 0 2 0 -0.05 1.19 
C 
7.1 Technical risks 0 0 -1 1 1 -1 -1 0 0 -1 -1 -1 -1 1 -1 -1 0 0 0 0 -0.3 0.73 
C 
7.2 Legal risks 1 0 -1 0 0 -2 1 -1 -1 1 0 -2 0 2 0 1 0 2 1 0 0.1 1.12 
C 
7.3 Organizational risks 0 0 0 1 1 -1 1 -1 0 -1 0 -1 -2 -2 -2 0 0 0 -2 0 -0.45 1.00 

C8 
Requirements Risks dur-
ing Realization 0 -1 -1 1 1 -1 -1 0 -1 0 -1 -1 -1 -2 0 0 0 1 1 1 -0.25 0.91 

C 
8.1 

Requirements volatility 
risks 0 -1 -2 1 1 -1 -1 -1 0 0 -2 -2 0 -2 0 0 -1 1 1 1 -0.4 1.10 

C 
8.2 

Requirements depend-
ency risks 0 -1 -1 1 1 -1 -1 -1 0 0 -1 -1 -2 -2 -1 -1 0 1 1 1 -0.4 0.99 

C9 
Stakeholder Risks during 
Realization -1 0 -2 1 1 -1 -1 -2 -1 0 -2 -1 1 1 0 0 0 1 1 0 -0.25 1.07 

C 
9.1 Internal motivational loss 0 0 -2 1 1 -1 -1 -2 -1 0 -2 -1 1 1 1 1 0 1 -2 0 -0.25 1.16 
C 
9.2 External acceptance loss 0 -1 -2 1 1 -1 -1 -2 0 -2 -2 -2 -1 0 -1 1 0 1 1 0 -0.5 1.15 

C10 
Economic Risks during 
Realization 0 2 2 2 2 1 0 -1 1 1 0 -1 -1 1 2 -1 0 2 0 0 0.6 1.14 

C 
10.1 Overrun risks 0 2 2 2 2 1 1 -1 2 1 0 -1 1 1 2 1 0 2 0 0 0.9 1.02 
C 
10.2 Over budget risks 0 2 2 2 2 1 1 -1 2 2 0 -1 1 1 2 0 0 2 0 1 0.95 1.05 
C11 Penalties (if not realized) -1 0 1 2 2 0 1 0 1 2 0 0 0 -1 0 0 1 0 -2 2 0.4 1.10 
C 
11.1 

Operational quality dam-
age (P) 0 0 1 2 2 -1 1 0 1 0 1 -1 -1 -1 0 0 0 0 0 2 0.3 0.98 

C 
11.2 Stakeholder damage (P) -1 -1 1 0 2 -1 0 0 0 -1 0 1 1 -1 0 1 1 0 0 1 0.15 0.88 
C 
11.3 Strategic damage (P) 0 -1 1 0 1 0 -1 0 0 -2 -2 -1 -1 -1 0 1 -1 0 0 2 -0.25 1.02 
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ID Prioritization Criterion 

P1
 

P2
 

P3
 

P4
 

P5
 

P6
 

P7
 

P8
 

P9
 

P1
0 

P1
1 

P1
2 

P1
3 

P1
4 

P1
5 

P1
6 

P1
7 

P1
8 

P1
9 

P2
0 

Mean SD 

C 
11.4 Financial damage (P) 0 -1 1 1 1 0 1 0 0 -1 1 -1 1 -2 1 0 0 0 1 2 0.25 0.97 
C12 Risks after Realization 0 0 1 1 1 0 -1 0 0 -1 1 -1 -2 -1 1 0 1 0 1 2 0.15 0.99 
C 
12.1 

Operational quality dam-
age 0 0 1 2 2 0 -1 -1 1 1 1 -1 -2 -1 1 0 1 0 1 1 0.3 1.08 

C 
12.2 Stakeholder damage -1 0 1 2 2 1 0 -2 -1 -1 1 -1 0 -1 1 1 1 1 0 1 0.25 1.12 
C 
12.3 Strategic damage 0 -1 1 1 1 0 -1 -1 -1 -2 1 -1 0 -1 -1 1 -1 0 0 0 -0.25 0.91 
C 
12.4 Financial damage -1 -1 1 2 1 0 1 -1 1 1 1 0 1 -2 2 1 0 0 0 0 0.35 1.04 

C13 
Environmental Condi-
tions 1 -1 0 2 2 0 1 1 0 -2 -1 0 1 -1 0 0 0 0 1 0 0.2 1.01 

C 
13.1 Support & Sponsorship 0 -1 1 2 2 1 1 0 -1 1 0 0 1 -1 0 1 0 0 -1 0 0.3 0.92 
C 
13.2 Governmental demand 0 -1 0 2 1 0 0 2 2 -2 1 0 1 -1 -1 -1 0 -1 0 -1 0.05 1.15 
C14 Stakeholders 0 0 1 1 1 1 1 1 1 1 2 0 0 -1 1 0 0 1 1 1 0.65 0.67 
C 
14.1 Originator priority 1 0 1 0 1 1 1 0 0 0 2 0 1 -2 2 0 0 1 1 0 0.5 0.89 
C 
14.2 Stakeholder agreement 0 -1 2 2 2 1 1 0 0 1 2 0 0 0 1 1 -2 1 1 1 0.65 1.04 
C15 Time & Utilization 1 0 2 2 2 1 1 1 2 0 1 -1 1 1 1 1 0 1 0 1 0.9 0.79 
C 
15.1 Frequency of use 1 1 2 2 2 1 1 1 2 1 2 -1 1 1 2 1 0 1 1 2 1.2 0.77 
C 
15.2 Urgency 1 0 2 2 2 1 1 1 2 2 1 -1 2 2 1 0 0 1 1 2 1.15 0.88 
C16 Changes & Impact 0 -1 1 0 0 0 0 -1 1 0 0 0 -1 -1 0 -1 0 0 1 2 0 0.79 
C 
16.1 Need for change 1 0 0 0 1 0 0 -1 0 1 1 0 -1 -1 0 0 -1 1 1 1 0.15 0.75 
C 
16.2 

Readiness for improve-
ment 0 0 0 0 1 0 0 -1 -1 1 0 -1 -1 -1 1 0 0 0 1 0 -0.05 0.69 

C 
16.3 Impact 0 -1 2 0 1 0 0 -1 -1 -1 0 -1 0 0 0 0 0 0 1 0 -0.05 0.76 
C17 Requirements 0 1 1 1 1 1 1 0 -1 1 0 0 -1 -1 0 0 0 0 1 1 0.3 0.73 
C 
17.1 

Reuse potential (of solu-
tion) -1 1 2 2 2 2 1 -1 -1 1 1 1 0 -1 -2 1 0 0 1 1 0.5 1.19 

C 
17.2 

Requirements depend-
encies -1 0 0 2 2 1 1 1 0 1 -1 -1 -1 -1 1 0 0 0 0 1 0.25 0.97 

C18 Engineering 0 1 0 2 2 2 1 1 0 0 0 -1 1 0 1 0 -1 1 0 1 0.55 0.89 
C 
18.1 Staff competence 0 1 0 2 2 1 1 1 0 0 1 -1 2 0 1 -1 -1 1 0 0 0.5 0.95 
C 
18.2 Motivation of the team 1 0 0 2 2 1 0 -1 0 -1 -1 -1 0 0 0 1 -1 1 0 0 0.15 0.93 
C 
18.3 Resource availability 0 1 2 0 1 2 0 1 1 2 1 0 1 1 2 0 0 2 0 0 0.85 0.81 
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C: Infrastructure costs
C: Training costs

C: Deployment costs
X: Frequency of use

C: Implementation costs
C: Documentation costs

X: Urgency
B: Reliability improvement

C: Execution costs
R: Over budget risks

C: Testing costs
C: Maintenance costs

R: Overrun risks
B: Customer satisfaction

X: Resource availability
B: End user satisfaction

B: Compliance improvement
C: Support costs

B: Efficiency / productivity improvement
B: Performance improvement

B: Security improvement
C: Analysis costs

B: Information quality improvement
B: Business relations improvement

X: Stakeholder agreement
B: Scalability improvement

B: Cost reduction
B: Output quality improvement

X: Originator priority
X: Reuse potential (of solution)

X: Staff competence
B: Revenue generation

B: Effectiveness improvement
R: Financial damage

B: Portability improvement
R: Operational quality damage (P)

R: Operational quality damage
X: Support & Sponsorship

R: Financial damage (P)
R: Stakeholder damage

X: Requirements dependencies
B: Strategic goal achievement

R: Stakeholder damage (P)
X: Need for change

X: Motivation of the team
R: Legal risks

B: Complexity reduction
X: Governmental demand
B: Flexibility improvement

B: Sustainability improvement
X: Readiness for improvement

X: Impact
B: Competitive opportunities
R: Internal motivational loss

R: Strategic damage (P)
R: Strategic damage

B: Operational risk reduction
R: Technical risks

B: Market trend alignment
B: Reputation improvement

R: Requirements volatility risks
R: Requirements dependency risks

B: Innovativeness improvement
R: Organizational risks

R :External acceptance loss

Criteria ranked according to M
ean Ease of Assessm

ent
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Im
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rt
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Ease of Assessment

BPRE Prioritization Criteria

C1.1 Customer satisfaction C1.2 End user satisfaction C1.3 Reputation improvement C2.1 Revenue generation
C2.2 Cost reduction C3.1 Efficiency / productivity improvement C3.2 Effectiveness improvement C3.3 Scalability improvement
C3.4 Output quality improvement C3.5 Performance improvement C3.6 Operational risk reduction C3.7 Flexibility improvement
C3.8 Complexity reduction C3.9 Security improvement C3.10 Reliability improvement C3.11 Portability improvement
C3.12 Information quality improvement C3.13 Compliance improvement C4.1 Innovativeness improvement C4.2 Market trend alignment
C4.3 Strategic goal achievement C4.4 Sustainability improvement C4.5 Competitive opportunities C4.6 Business relations improvement
C5.1 Implementation costs C5.2 Documentation costs C5.3 Testing costs C5.4 Deployment costs
C5.5 Analysis costs C6.1 Maintenance costs C6.2 Execution costs C6.3 Infrastructure costs
C6.4 Training costs C6.5 Support costs C7.1 Technical risks C7.2 Legal risks
C7.3 Organizational risks C8.1 Requirements volatility risks C8.2 Requirements dependency risks C9.1 Internal motivational loss
C9.2 External acceptance loss C10.1 Overrun risks C10.2 Over budget risks C11.1 Operational quality damage (P)
C11.2 Stakeholder damage (P) C11.3 Strategic damage (P) C11.4 Financial damage (P) C12.1 Operational quality damage
C12.2 Stakeholder damage C12.3 Strategic damage C12.4 Financial damage C13.1 Support & Sponsorship
C13.2 Governmental demand C14.1 Originator priority C14.2 Stakeholder agreement C15.1 Frequency of use
C15.2 Urgency C16.1 Need for change C16.2 Readiness for improvement C16.3 Impact
C17.1 Reuse potential (of solution) C17.2 Requirements dependencies C18.1 Staff competence C18.2 Motivation of the team
C18.3 Resource availability
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Descriptive Statistics

Mean Std. Deviation N

Importance 1.0523 .31899 65

EaseOfAssessment .3892 .50741 65
 

Correlations

Importance EaseOfAssessment

Importance Pearson Correlation 1 .512**

Sig. (2-tailed) .000

N 65 65

EaseOfAssessment Pearson Correlation .512** 1

Sig. (2-tailed) .000

N 65 65

**. Correlation is significant at the 0.01 level (2-tailed).
 

Correlations

Importance EaseOfAssessment

Spearman's rho Importance Correlation Coefficient 1.000 .520**

Sig. (2-tailed) . .000

N 65 65

EaseOfAssessment Correlation Coefficient .520** 1.000

Sig. (2-tailed) .000 .

N 65 65

**. Correlation is significant at the 0.01 level (2-tailed).
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Industry Expert (P) Assessment Result (Benefits of BPRE Prioritization Criteria Model) 
 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14  Sui Awa RR ER 
P1 1 0 1 2 2 1 1 0 2 1 1 1 0 2  1.17 0.50 1.33 1.00 
P2 1 0 1 1 2 2 1 1 2 1 1 1 0 0  1.17 1.00 1.33 0.33 
P3 2 0 2 2 2 1 1 2 2 0 2 1 1 2  1.50 1.50 1.33 1.33 
P4 1 0 -1 -1 1 -1 1 0 1 1 2 1 1 1  -0.17 0.50 1.33 1.00 
P5 1 0 -1 0 1 -1 1 -1 1 1 2 2 1 1  0.00 0.00 1.33 1.33 
P6 1 1 1 0 1 1 2 1 1 1 0 0 1 1  0.83 1.50 0.67 0.67 
P7 1 0 1 1 1 1 1 1 1 1 1 1 0 1  0.83 1.00 1.00 0.67 
P8 1 1 1 2 2 0 2 1 2 0 1 1 -1 2  1.17 1.50 1.00 0.67 
P9 0 0 1 1 2 1 2 2 1 1 1 1 0 1  0.83 2.00 1.00 0.67 
P10 2 1 2 2 2 0 2 2 2 2 2 2 2 2  1.50 2.00 2.00 2.00 
P11 1 0 2 1 2 0 2 1 2 2 1 2 2 1  1.00 1.50 1.67 1.67 
P12 1 0 1 1 1 0 2 0 2 1 1 1 1 1  0.67 1.00 1.33 1.00 
P13 2 -1 0 0 1 2 2 0 2 0 1 2 0 1  0.67 1.00 1.00 1.00 
P14 1 0 1 0 1 1 2 0 2 0 0 1 1 1  0.67 1.00 0.67 1.00 
P15 2 1 1 1 2 2 2 2 2 1 1 2 2 2  1.50 2.00 1.33 2.00 
P16 1 0 1 1 2 1 1 1 1 0 1 1 1 1  1.00 1.00 0.67 1.00 
P17 1 0 -1 -1 1 1 2 2 1 1 1 1 2 1  0.17 2.00 1.00 1.33 
P18 1 0 1 1 1 0 2 1 2 1 1 0 1 0  0.67 1.50 1.33 0.33 
P19 1 0 -1 -1 0 0 1 0 1 0 1 -1 0 0  -0.17 0.50 0.67 -0.33 
P20 1 1 2 1 1 2 2 1 2 0 2 1 1 2  1.33 1.50 1.33 1.33 
Mean 1.15 0.2 0.75 0.7 1.4 0.7 1.6 0.85 1.6 0.75 1.15 1.05 0.8 1.15  0.82 1.23 1.17 1.00 
SD 0.49 0.52 1.02 0.98 0.60 0.92 0.50 0.88 0.50 0.64 0.59 0.76 0.83 0.67  0.52 0.57 0.35 0.56 
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Appendix F: Expert Survey Questionnaire Part 3 

 
  

Could you please provide me the following statistical information to your person (of course it will only be used 
anonymously): 
 
Practical work experience in business-process-based software development (in years): 

<  > years 
 
Experience with prioritization techniques: 

(  ) None 
(  ) Basic (from the literature only) 
(  ) Advanced (from sporadic use in practical work) 
(  ) Expert (from regular use in practical work) 

 
Experience in requirements engineering (requirements elicitation and analysis): 

(  ) None 
(  ) Basic (from the literature only) 
(  ) Advanced (from sporadic use in practical work) 
(  ) Expert (from regular use in practical work) 
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Appendix G: Experiment Results Simulation 1 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 22 426 2128 00:01:43 
Tree2 34 671 3341 00:03:17 
Tree3 33 651 3329 00:03:00 
Tree4 23 501 2535 00:02:03 
Tree5 22 481 2451 00:01:58 
Tree6 27 522 2604 00:02:10 
Tree7 35 690 3401 00:03:07 
Tree8 36 687 3461 00:03:11 
Tree9 36 732 3657 00:03:29 
Tree10 33 641 3187 00:02:56 
Tree11 34 666 3282 00:02:54 
Tree12 40 792 3976 00:04:02 
Tree13 28 586 2954 00:02:43 
Tree14 39 774 3877 00:03:52 
Tree15 29 548 2729 00:02:17 
Tree16 25 533 2674 00:02:16 
Tree17 41 842 4276 00:04:31 
Tree18 36 703 3534 00:03:19 
Tree19 31 612 3120 00:02:44 
Tree20 27 570 2880 00:02:25 
Tree21 42 813 4052 00:04:05 
Tree22 29 591 2998 00:02:36 
Tree23 39 775 3895 00:03:47 
Tree24 29 571 2902 00:02:32 
Tree25 43 889 4457 00:04:41 
Sum 813 16267 81700 01:15:40 
Mean 32.52 650.68 3268 00:03:02 
SD 6.29 120.43 601.01 00:00:48 
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Innersubjektfaktoren

Maß MASS_1

Abhängige Variable

Checkpoint 1 Heuristic 1 CP1Highest_Value_First

2 CP1System_Functions_First

3 CP1System_Functions_First_Highest_Value_First

4 CP1Remaining_Value_Global

5 CP1Remaining_Value_Global_All

6 CP1Remaining_Value

7 CP1Remaining_Value_All

8 CP1Value_Cost_Optimal

9 CP1Optimal_Solution

2 Heuristic 1 CP2Highest_Value_First

2 CP2System_Functions_First

3 CP2System_Functions_First_Highest_Value_First

4 CP2Remaining_Value_Global

5 CP2Remaining_Value_Global_All

6 CP2Remaining_Value

7 CP2Remaining_Value_All

8 CP2Value_Cost_Optimal

9 CP2Optimal_Solution

3 Heuristic 1 CP3Highest_Value_First

2 CP3System_Functions_First

3 CP3System_Functions_First_Highest_Value_First

4 CP3Remaining_Value_Global

5 CP3Remaining_Value_Global_All

6 CP3Remaining_Value

7 CP3Remaining_Value_All

8 CP3Value_Cost_Optimal

9 CP3Optimal_Solution

4 Heuristic 1 CP4Highest_Value_First

2 CP4System_Functions_First

3 CP4System_Functions_First_Highest_Value_First

4 CP4Remaining_Value_Global

5 CP4Remaining_Value_Global_All

6 CP4Remaining_Value

7 CP4Remaining_Value_All

8 CP4Value_Cost_Optimal

9 CP4Optimal_Solution

5 Heuristic 1 CP5Highest_Value_First

2 CP5System_Functions_First

3 CP5System_Functions_First_Highest_Value_First

4 CP5Remaining_Value_Global

5 CP5Remaining_Value_Global_All

6 CP5Remaining_Value

7 CP5Remaining_Value_All

8 CP5Value_Cost_Optimal

9 CP5Optimal_Solution
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Deskriptive Statistiken

Mittelwert Standardabweichung N

CP1Highest_Value_First 78.8224 25.90036 25

CP1System_Functions_First 172.9659 38.52203 25

CP1System_Functions_First_Highest_Value_First 179.9251 38.47993 25

CP1Remaining_Value_Global 224.5437 46.13161 25

CP1Remaining_Value_Global_All 237.9557 49.07028 25

CP1Remaining_Value 173.2814 36.02448 25

CP1Remaining_Value_All 110.9723 25.18034 25

CP1Value_Cost_Optimal 199.9913 44.50647 25

CP1Optimal_Solution 233.2555 49.08959 25

CP2Highest_Value_First 518.2050 107.72025 25

CP2System_Functions_First 605.1494 120.22647 25

CP2System_Functions_First_Highest_Value_First 692.2459 131.77056 25

CP2Remaining_Value_Global 730.4134 135.99761 25

CP2Remaining_Value_Global_All 773.7011 143.94524 25

CP2Remaining_Value 652.0669 121.24375 25

CP2Remaining_Value_All 558.5278 101.60604 25

CP2Value_Cost_Optimal 712.0058 141.53621 25

CP2Optimal_Solution 782.0673 148.58721 25

CP3Highest_Value_First 1185.4457 220.23167 25

CP3System_Functions_First 1219.8406 225.58624 25

CP3System_Functions_First_Highest_Value_First 1371.5339 249.33475 25

CP3Remaining_Value_Global 1400.8847 249.05865 25

CP3Remaining_Value_Global_All 1465.8231 261.17730 25

CP3Remaining_Value 1320.0121 233.30863 25

CP3Remaining_Value_All 1223.5722 213.16877 25

CP3Value_Cost_Optimal 1398.6994 259.18494 25

CP3Optimal_Solution 1483.8801 268.96625 25

CP4Highest_Value_First 1940.5354 342.09790 25

CP4System_Functions_First 1939.5569 343.85002 25

CP4System_Functions_First_Highest_Value_First 2124.5968 372.98721 25

CP4Remaining_Value_Global 2150.7357 370.29397 25

CP4Remaining_Value_Global_All 2225.6901 384.56542 25

CP4Remaining_Value 2071.7125 356.92891 25

CP4Remaining_Value_All 1976.9223 336.13202 25

CP4Value_Cost_Optimal 2158.0127 382.57611 25

CP4Optimal_Solution 2245.9243 393.90933 25

CP5Highest_Value_First 2709.9752 462.86600 25

CP5System_Functions_First 2701.2827 463.32323 25

CP5System_Functions_First_Highest_Value_First 2893.0756 494.49555 25

CP5Remaining_Value_Global 2919.5054 490.50892 25

CP5Remaining_Value_Global_All 2995.4385 505.82084 25

CP5Remaining_Value 2839.9604 478.65828 25

CP5Remaining_Value_All 2746.0069 457.60024 25

CP5Value_Cost_Optimal 2927.7583 503.65554 25

CP5Optimal_Solution 3014.2460 515.57950 25
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Mauchly-Test auf Sphärizität

Maß MASS_1

Mauchly-W Approximiertes Chi-Quadrat df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Untergrenze

Innersubjekteffekt Checkpoint .000 520.499 9 .000 .252 .252 .250

Heuristic .000 367.621 35 .000 .243 .264 .125

Checkpoint * Heuristic .000 . 527 . .059 .064 .031

Tests der Innersubjekteffekte

Maß MASS_1

Quadratsumme vom 

Typ III df Mittel der Quadrate F Sig.

Partielles 

Eta-Quadrat

Quelle Checkpoint Sphärizität angenommen 1043445254.150 4 260861313.538 878.800 .000 .973

Greenhouse-Geisser 1043445254.150 1.007 1035784220.828 878.800 .000 .973

Huynh-Feldt 1043445254.150 1.008 1034790481.163 878.800 .000 .973

Untergrenze 1043445254.150 1.000 1043445254.150 878.800 .000 .973

Fehler(Checkpoint) Sphärizität angenommen 28496465.008 96 296838.177

Greenhouse-Geisser 28496465.008 24.178 1178635.099

Huynh-Feldt 28496465.008 24.201 1177504.307

Untergrenze 28496465.008 24.000 1187352.709

Heuristic Sphärizität angenommen 9452373.050 8 1181546.631 471.860 .000 .952

Greenhouse-Geisser 9452373.050 1.943 4866082.014 471.860 .000 .952

Huynh-Feldt 9452373.050 2.111 4477755.717 471.860 .000 .952

Untergrenze 9452373.050 1.000 9452373.050 471.860 .000 .952

Fehler(Heuristic) Sphärizität angenommen 480772.074 192 2504.021

Greenhouse-Geisser 480772.074 46.620 10312.562

Huynh-Feldt 480772.074 50.663 9489.592

Untergrenze 480772.074 24.000 20032.170

Checkpoint * Heuristic Sphärizität angenommen 861333.877 32 26916.684 299.149 .000 .926

Greenhouse-Geisser 861333.877 1.888 456096.806 299.149 .000 .926

Huynh-Feldt 861333.877 2.045 421244.289 299.149 .000 .926

Untergrenze 861333.877 1.000 861333.877 299.149 .000 .926

Fehler(Checkpoint*Heuristic) Sphärizität angenommen 69102.742 768 89.978

Greenhouse-Geisser 69102.742 45.324 1524.648

Huynh-Feldt 69102.742 49.074 1408.142

Untergrenze 69102.742 24.000 2879.281
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Schätzer

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Heuristic 1 1286.597 45.788 1192.096 1381.098

2 1327.759 47.306 1230.124 1425.394

3 1452.275 51.280 1346.440 1558.111

4 1485.217 51.371 1379.192 1591.241

5 1539.722 53.514 1429.273 1650.170

6 1411.407 48.834 1310.619 1512.194

7 1323.200 44.957 1230.413 1415.987

8 1479.294 52.909 1370.094 1588.493

9 1551.875 54.803 1438.766 1664.983
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Paarweise Vergleiche

Maß MASS_1

Mittlere 

Differenz 

(I-J) Standardfehler Sig.

95% Konfidenzintervall für 

die Differenz

Untergrenze Obergrenze

(I)Heuristic 1 (J)Heuristic 2 -41.162 4.380 .000 -56.990 -25.334

3 -165.679 6.353 .000 -188.639 -142.718

4 -198.620 6.166 .000 -220.901 -176.338

5 -253.125 8.247 .000 -282.928 -223.322

6 -124.810 4.964 .000 -142.751 -106.869

7 -36.604 3.117 .000 -47.869 -25.338

8 -192.697 7.514 .000 -219.850 -165.543

9 -265.278 9.752 .000 -300.519 -230.037

2 (J)Heuristic 1 41.162 4.380 .000 25.334 56.990

3 -124.516 7.771 .000 -152.599 -96.433

4 -157.457 5.301 .000 -176.616 -138.299

5 -211.963 7.873 .000 -240.415 -183.511

6 -83.648 7.420 .000 -110.461 -56.834

7 4.559 6.577 1.000 -19.211 28.328

8 -151.534 8.019 .000 -180.515 -122.554

9 -224.116 10.350 .000 -261.518 -186.713

3 (J)Heuristic 1 165.679 6.353 .000 142.718 188.639

2 124.516 7.771 .000 96.433 152.599

4 -32.941 4.233 .000 -48.240 -17.642

5 -87.446 3.701 .000 -100.823 -74.070

6 40.869 2.977 .000 30.112 51.625

7 129.075 6.762 .000 104.637 153.513

8 -27.018 3.357 .000 -39.149 -14.887

9 -99.599 3.701 .000 -112.973 -86.226

4 (J)Heuristic 1 198.620 6.166 .000 176.338 220.901

2 157.457 5.301 .000 138.299 176.616

3 32.941 4.233 .000 17.642 48.240

5 -54.505 2.785 .000 -64.571 -44.440

6 73.810 5.352 .000 54.469 93.151

7 162.016 7.389 .000 135.313 188.720

8 5.923 4.171 1.000 -9.151 20.997

9 -66.658 5.793 .000 -87.592 -45.724

5 (J)Heuristic 1 253.125 8.247 .000 223.322 282.928

2 211.963 7.873 .000 183.511 240.415

3 87.446 3.701 .000 74.070 100.823

4 54.505 2.785 .000 44.440 64.571

6 128.315 5.781 .000 107.423 149.207

7 216.521 9.011 .000 183.958 249.085

8 60.428 3.539 .000 47.638 73.219

9 -12.153 3.497 .070 -24.790 .484
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6 (J)Heuristic 1 124.810 4.964 .000 106.869 142.751

2 83.648 7.420 .000 56.834 110.461

3 -40.869 2.977 .000 -51.625 -30.112

4 -73.810 5.352 .000 -93.151 -54.469

5 -128.315 5.781 .000 -149.207 -107.423

7 88.206 4.225 .000 72.939 103.474

8 -67.887 5.611 .000 -88.164 -47.609

9 -140.468 6.245 .000 -163.035 -117.901

7 (J)Heuristic 1 36.604 3.117 .000 25.338 47.869

2 -4.559 6.577 1.000 -28.328 19.211

3 -129.075 6.762 .000 -153.513 -104.637

4 -162.016 7.389 .000 -188.720 -135.313

5 -216.521 9.011 .000 -249.085 -183.958

6 -88.206 4.225 .000 -103.474 -72.939

8 -156.093 8.551 .000 -186.995 -125.192

9 -228.674 10.176 .000 -265.448 -191.901

8 (J)Heuristic 1 192.697 7.514 .000 165.543 219.850

2 151.534 8.019 .000 122.554 180.515

3 27.018 3.357 .000 14.887 39.149

4 -5.923 4.171 1.000 -20.997 9.151

5 -60.428 3.539 .000 -73.219 -47.638

6 67.887 5.611 .000 47.609 88.164

7 156.093 8.551 .000 125.192 186.995

9 -72.581 3.624 .000 -85.676 -59.486

9 (J)Heuristic 1 265.278 9.752 .000 230.037 300.519

2 224.116 10.350 .000 186.713 261.518

3 99.599 3.701 .000 86.226 112.973

4 66.658 5.793 .000 45.724 87.592

5 12.153 3.497 .070 -.484 24.790

6 140.468 6.245 .000 117.901 163.035

7 228.674 10.176 .000 191.901 265.448

8 72.581 3.624 .000 59.486 85.676
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4. Checkpoint * Heuristic

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Checkpoint 1 Heuristic 1 78.822 5.180 68.131 89.514

2 172.966 7.704 157.065 188.867

3 179.925 7.696 164.041 195.809

4 224.544 9.226 205.501 243.586

5 237.956 9.814 217.700 258.211

6 173.281 7.205 158.411 188.152

7 110.972 5.036 100.578 121.366

8 199.991 8.901 181.620 218.363

9 233.255 9.818 212.992 253.519

2 Heuristic 1 518.205 21.544 473.740 562.670

2 605.149 24.045 555.522 654.776

3 692.246 26.354 637.854 746.638

4 730.413 27.200 674.276 786.550

5 773.701 28.789 714.283 833.119

6 652.067 24.249 602.020 702.114

7 558.528 20.321 516.587 600.469

8 712.006 28.307 653.583 770.429

9 782.067 29.717 720.734 843.401

3 Heuristic 1 1185.446 44.046 1094.539 1276.353

2 1219.841 45.117 1126.723 1312.958

3 1371.534 49.867 1268.614 1474.454

4 1400.885 49.812 1298.078 1503.691

5 1465.823 52.235 1358.014 1573.632

6 1320.012 46.662 1223.707 1416.317

7 1223.572 42.634 1135.580 1311.564

8 1398.699 51.837 1291.713 1505.686

9 1483.880 53.793 1372.856 1594.904

4 Heuristic 1 1940.535 68.420 1799.324 2081.746

2 1939.557 68.770 1797.623 2081.491

3 2124.597 74.597 1970.635 2278.558

4 2150.736 74.059 1997.886 2303.586

5 2225.690 76.913 2066.949 2384.431

6 2071.713 71.386 1924.380 2219.046

7 1976.922 67.226 1838.174 2115.671

8 2158.013 76.515 2000.093 2315.932

9 2245.924 78.782 2083.326 2408.522

5 Heuristic 1 2709.975 92.573 2518.913 2901.037

2 2701.283 92.665 2510.032 2892.533

3 2893.076 98.899 2688.958 3097.193

4 2919.505 98.102 2717.033 3121.978

5 2995.439 101.164 2786.646 3204.231

6 2839.960 95.732 2642.380 3037.541

7 2746.007 91.520 2557.119 2934.895

8 2927.758 100.731 2719.860 3135.657

9 3014.246 103.116 2801.425 3227.067
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Appendix H: Experiment Results Simulation 2 

Simulation Meta Data (Requirements Numbers & Simulation Time) 
Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Control Point 1 Trees Tree50 41 797 3974 00:04:26 
Tree1 43 889 4457 00:04:41 Tree51 50 931 4638 00:05:10 
Tree2 23 474 2380 00:02:05 Tree52 21 403 2012 00:01:35 
Tree3 37 728 3669 00:03:46 Tree53 19 403 1991 00:01:38 
Tree4 29 554 2742 00:02:27 Tree54 30 606 3082 00:02:44 
Tree5 39 792 4025 00:04:26 Tree55 38 763 3817 00:03:52 
Tree6 24 511 2554 00:02:15 Tree56 35 685 3456 00:03:17 
Tree7 30 585 2977 00:02:40 Tree57 36 730 3703 00:03:42 
Tree8 25 535 2743 00:02:26 Tree58 14 275 1405 00:00:59 
Tree9 25 473 2348 00:01:57 Tree59 28 569 2878 00:02:35 
Tree10 31 607 3007 00:02:47 Tree60 24 515 2645 00:02:42 
Tree11 29 577 2837 00:02:35 Tree61 30 589 2954 00:03:08 
Tree12 29 591 3007 00:02:46 Tree62 20 396 2011 00:01:46 
Tree13 29 567 2848 00:02:38 Tree63 18 376 1860 00:01:40 
Tree14 43 907 4607 00:05:25 Tree64 33 667 3345 00:03:28 
Tree15 43 877 4355 00:04:56 Tree65 33 653 3282 00:03:02 
Tree16 33 649 3195 00:03:10 Tree66 36 700 3507 00:03:22 
Tree17 32 623 3095 00:02:56 Tree67 43 869 4373 00:04:36 
Tree18 34 686 3478 00:03:35 Tree68 30 579 2902 00:02:34 
Tree19 30 577 2854 00:02:50 Tree69 34 638 3198 00:02:55 
Tree20 20 372 1890 00:01:39 Tree70 29 571 2880 00:02:29 
Tree21 28 587 2929 00:02:50 Tree71 26 494 2458 00:02:01 
Tree22 33 667 3381 00:03:10 Tree72 34 684 3429 00:03:23 
Tree23 31 614 3021 00:02:49 Tree73 31 631 3208 00:03:07 
Tree24 25 532 2679 00:02:30 Tree74 29 593 3016 00:02:42 
Tree25 29 563 2815 00:02:42 Tree75 37 743 3719 00:03:32 
Tree26 29 603 3015 00:02:58 Control Point 2 Trees 
Tree27 35 706 3576 00:03:36 Tree76 36 734 3651 00:03:26 
Tree28 25 519 2594 00:02:12 Tree77 21 457 2328 00:01:54 
Tree29 32 630 3105 00:02:49 Tree78 31 608 3049 00:02:44 
Tree30 21 420 2136 00:01:43 Tree79 40 824 4114 00:04:16 
Tree31 32 650 3304 00:03:11 Tree80 36 746 3766 00:03:43 
Tree32 39 758 3787 00:03:59 Tree81 42 872 4369 00:04:44 
Tree33 34 663 3341 00:03:19 Tree82 20 388 1931 00:01:29 
Tree34 28 543 2739 00:02:23 Tree83 33 679 3451 00:03:15 
Tree35 25 500 2526 00:02:08 Tree84 27 531 2670 00:02:12 
Tree36 40 822 4170 00:04:32 Tree85 33 632 3164 00:02:49 
Tree37 33 648 3261 00:03:05 Tree86 47 951 4790 00:05:21 
Tree38 38 726 3659 00:03:42 Tree87 34 678 3416 00:03:13 
Tree39 43 873 4359 00:04:42 Tree88 24 451 2243 00:01:45 
Tree40 30 593 2921 00:02:44 Tree89 44 930 4725 00:05:10 
Tree41 39 801 4004 00:04:37 Tree90 26 558 2817 00:02:22 
Tree42 39 815 4111 00:04:22 Tree91 42 879 4450 00:04:56 
Tree43 28 528 2632 00:02:19 Tree92 34 701 3553 00:03:29 
Tree44 40 773 3861 00:04:01 Tree93 17 293 1459 00:01:02 
Tree45 25 481 2392 00:01:59 Tree94 13 267 1338 00:00:55 
Tree46 26 547 2798 00:02:33 Tree95 45 921 4605 00:04:58 
Tree47 27 562 2804 00:02:37 Tree96 24 510 2564 00:02:09 
Tree48 33 620 3104 00:03:02 Tree97 37 730 3674 00:03:32 
Tree49 18 361 1767 00:01:21 Tree98 29 543 2700 00:02:21 
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Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree99 22 453 2288 00:01:48 Tree153 30 574 2868 00:02:32 
Tree100 32 632 3174 00:02:52 Tree154 31 581 2911 00:02:35 
Tree101 34 652 3264 00:03:00 Tree155 29 583 2919 00:02:33 
Tree102 33 672 3336 00:03:06 Tree156 28 540 2672 00:02:16 
Tree103 22 457 2271 00:01:48 Tree157 34 687 3457 00:03:11 
Tree104 23 479 2393 00:01:53 Tree158 26 519 2609 00:02:08 
Tree105 25 497 2524 00:02:03 Tree159 33 665 3344 00:03:06 
Tree106 41 841 4211 00:04:27 Tree160 26 492 2456 00:02:00 
Tree107 20 441 2244 00:01:48 Tree161 39 775 3869 00:03:48 
Tree108 23 506 2596 00:02:10 Tree162 26 520 2645 00:02:12 
Tree109 28 554 2816 00:02:31 Tree163 30 610 3020 00:02:44 
Tree110 23 431 2146 00:01:40 Tree164 17 345 1689 00:01:13 
Tree111 20 404 2031 00:01:32 Tree165 30 628 3178 00:03:00 
Tree112 32 599 3004 00:02:42 Tree166 24 462 2292 00:01:48 
Tree113 39 787 3908 00:04:04 Tree167 29 590 2964 00:02:35 
Tree114 32 655 3286 00:03:04 Tree168 19 376 1907 00:01:25 
Tree115 32 640 3221 00:02:59 Tree169 18 349 1723 00:01:15 
Tree116 44 886 4397 00:04:39 Tree170 26 517 2620 00:02:12 
Tree117 36 731 3626 00:03:38 Tree171 26 491 2420 00:02:01 
Tree118 19 349 1768 00:01:20 Tree172 44 892 4482 00:04:48 
Tree119 38 755 3802 00:03:44 Tree173 39 789 3973 00:03:58 
Tree120 43 864 4317 00:04:40 Tree174 33 665 3339 00:03:06 
Tree121 44 896 4475 00:04:45 Tree175 30 606 3034 00:02:46 
Tree122 41 861 4347 00:04:32 Tree176 37 752 3815 00:03:40 
Tree123 30 620 3097 00:02:48 Tree177 30 610 3057 00:02:47 
Tree124 25 501 2537 00:02:06 Tree178 25 509 2592 00:02:09 
Tree125 32 663 3369 00:03:04 Tree179 40 836 4224 00:04:29 
Tree126 34 693 3435 00:03:15 Tree180 33 665 3286 00:03:03 
Tree127 26 542 2709 00:02:16 Tree181 27 551 2792 00:02:24 
Tree128 14 297 1511 00:01:04 Tree182 22 405 2030 00:01:32 
Tree129 33 677 3404 00:03:06 Tree183 35 677 3389 00:03:07 
Tree130 25 467 2300 00:01:52 Tree184 38 740 3698 00:03:37 
Tree131 46 938 4694 00:05:16 Tree185 31 635 3179 00:02:53 
Tree132 34 705 3557 00:03:25 Tree186 37 723 3621 00:03:26 
Tree133 34 693 3458 00:03:16 Tree187 44 886 4423 00:04:45 
Tree134 33 676 3380 00:03:06 Tree188 35 716 3561 00:03:19 
Tree135 29 587 2898 00:02:29 Tree189 30 601 3012 00:02:36 
Tree136 38 776 3938 00:04:00 Tree190 35 727 3665 00:03:33 
Tree137 34 687 3445 00:03:13 Tree191 36 727 3629 00:03:34 
Tree138 35 659 3318 00:03:11 Tree192 33 673 3386 00:03:08 
Tree139 35 709 3549 00:03:27 Tree193 24 475 2416 00:01:58 
Tree140 24 499 2496 00:02:00 Tree194 37 753 3751 00:03:37 
Tree141 47 954 4768 00:05:27 Tree195 31 620 3131 00:02:51 
Tree142 30 591 2985 00:02:33 Tree196 22 465 2333 00:01:51 
Tree143 27 514 2565 00:02:06 Tree197 35 710 3535 00:03:22 
Tree144 29 617 3125 00:02:46 Tree198 45 912 4587 00:05:00 
Tree145 22 484 2479 00:02:03 Tree199 34 682 3373 00:03:10 
Tree146 35 687 3464 00:03:13 Tree200 31 636 3234 00:02:58 
Tree147 41 829 4110 00:04:14 Tree201 36 716 3612 00:03:29 
Tree148 30 615 3131 00:02:51 Tree202 50 995 4930 00:05:26 
Tree149 25 503 2475 00:02:03 Tree203 27 535 2714 00:02:16 
Tree150 24 474 2389 00:01:55 Tree204 48 982 4903 00:05:31 

Control Point 3 Trees Tree205 26 514 2524 00:02:04 
Tree151 35 708 3586 00:03:20 Tree206 26 529 2695 00:02:15 
Tree152 18 354 1800 00:01:19 Tree207 30 611 3010 00:02:41 
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Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree208 24 474 2403 00:04:11 Tree262 31 632 3127 00:06:02 
Tree209 23 488 2452 00:04:07 Tree263 30 578 2898 00:05:11 
Tree210 22 463 2321 00:03:56 Tree264 35 724 3611 00:06:49 
Tree211 39 785 3903 00:07:51 Tree265 27 559 2791 00:04:52 
Tree212 28 556 2722 00:04:44 Tree266 29 520 2605 00:04:28 
Tree213 23 483 2419 00:04:03 Tree267 36 712 3577 00:06:48 
Tree214 24 456 2241 00:03:52 Tree268 36 697 3515 00:07:01 
Tree215 33 613 3087 00:05:39 Tree269 32 586 2946 00:05:19 
Tree216 19 368 1823 00:02:48 Tree270 30 610 3085 00:05:35 
Tree217 38 777 3880 00:07:56 Tree271 22 416 2066 00:03:16 
Tree218 36 729 3608 00:07:02 Tree272 11 232 1156 00:01:40 
Tree219 44 870 4360 00:09:10 Tree273 26 528 2609 00:04:29 
Tree220 29 587 2950 00:05:24 Tree274 29 559 2789 00:04:53 
Tree221 25 472 2384 00:03:53 Tree275 22 444 2252 00:03:35 
Tree222 36 727 3661 00:06:52 Tree276 33 675 3358 00:06:22 
Tree223 27 519 2560 00:04:23 Tree277 36 730 3732 00:07:05 
Tree224 34 689 3466 00:06:25 Tree278 35 693 3485 00:06:56 
Tree225 34 634 3181 00:06:01 Tree279 27 539 2722 00:04:46 

Control Point 4 Trees Tree280 27 555 2812 00:04:56 
Tree226 36 712 3588 00:06:57 Tree281 25 495 2501 00:04:10 
Tree227 32 656 3297 00:06:15 Tree282 33 647 3272 00:06:10 
Tree228 36 718 3529 00:07:16 Tree283 40 803 4003 00:08:08 
Tree229 36 745 3717 00:07:35 Tree284 26 547 2771 00:04:59 
Tree230 15 321 1630 00:02:31 Tree285 41 823 4139 00:08:22 
Tree231 17 309 1548 00:02:22 Tree286 31 629 3162 00:05:43 
Tree232 31 627 3145 00:06:02 Tree287 19 418 2151 00:03:30 
Tree233 31 614 3083 00:05:55 Tree288 35 670 3369 00:06:20 
Tree234 30 586 2932 00:05:14 Tree289 38 764 3789 00:07:34 
Tree235 30 618 3028 00:05:47 Tree290 36 705 3581 00:06:48 
Tree236 35 655 3277 00:06:27 Tree291 18 370 1833 00:02:49 
Tree237 26 538 2722 00:05:03 Tree292 32 635 3194 00:05:48 
Tree238 39 772 3863 00:08:11 Tree293 11 222 1111 00:01:36 
Tree239 35 710 3555 00:07:12 Tree294 41 829 4137 00:08:36 
Tree240 35 699 3501 00:06:50 Tree295 25 509 2573 00:04:25 
Tree241 37 744 3689 00:07:25 Tree296 31 568 2859 00:05:06 
Tree242 37 750 3775 00:07:59 Tree297 27 508 2527 00:04:20 
Tree243 19 392 1939 00:03:04 Tree298 20 412 2032 00:03:12 
Tree244 35 690 3470 00:06:38 Tree299 25 473 2351 00:03:58 
Tree245 18 402 2058 00:03:19 Tree300 29 566 2851 00:05:05 
Tree246 42 841 4202 00:08:30 Control Point 5 Trees 
Tree247 23 455 2304 00:03:49 Tree301 38 792 3949 00:03:53 
Tree248 38 759 3787 00:07:23 Tree302 26 521 2614 00:02:07 
Tree249 40 802 4038 00:08:19 Tree303 37 741 3658 00:03:30 
Tree250 25 524 2619 00:04:30 Tree304 23 434 2135 00:01:39 
Tree251 44 875 4339 00:09:22 Tree305 22 447 2210 00:01:41 
Tree252 35 697 3427 00:06:41 Tree306 24 485 2402 00:01:55 
Tree253 38 769 3872 00:07:40 Tree307 15 271 1360 00:00:56 
Tree254 30 613 3048 00:05:25 Tree308 17 333 1648 00:01:10 
Tree255 39 795 4041 00:07:59 Tree309 42 842 4207 00:04:22 
Tree256 26 483 2405 00:04:10 Tree310 38 752 3768 00:03:31 
Tree257 28 549 2746 00:04:50 Tree311 28 568 2802 00:02:26 
Tree258 18 359 1794 00:02:48 Tree312 31 615 3101 00:02:45 
Tree259 41 822 4106 00:08:10 Tree313 23 465 2305 00:01:48 
Tree260 30 605 3073 00:05:40 Tree314 41 757 3790 00:03:31 
Tree261 27 528 2637 00:04:36 Tree315 40 736 3680 00:03:20 
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Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree 
No. 

# BPs # BAs # SFs Simulation  
Time 

Tree316 28 596 3014 00:02:34 Tree346 25 525 2672 00:02:12 
Tree317 28 557 2791 00:02:23 Tree347 37 727 3650 00:03:20 
Tree318 19 406 2026 00:01:33 Tree348 28 568 2859 00:02:28 
Tree319 33 698 3462 00:03:10 Tree349 34 619 3137 00:02:42 
Tree320 20 382 1925 00:01:25 Tree350 30 538 2727 00:02:24 
Tree321 26 520 2563 00:02:06 Tree351 40 799 3985 00:03:59 
Tree322 34 682 3461 00:03:14 Tree352 26 486 2446 00:01:56 
Tree323 26 509 2545 00:02:01 Tree353 25 489 2459 00:02:01 
Tree324 30 637 3165 00:02:52 Tree354 34 679 3424 00:03:04 
Tree325 16 281 1404 00:00:58 Tree355 33 659 3321 00:02:59 
Tree326 12 246 1243 00:00:50 Tree356 28 559 2763 00:02:23 
Tree327 29 560 2820 00:02:21 Tree357 27 545 2737 00:02:16 
Tree328 35 644 3264 00:02:59 Tree358 27 549 2760 00:02:17 
Tree329 34 734 3689 00:03:28 Tree359 36 671 3402 00:03:03 
Tree330 24 501 2546 00:02:08 Tree360 34 645 3289 00:03:00 
Tree331 39 783 3851 00:03:50 Tree361 38 742 3739 00:03:36 
Tree332 34 710 3523 00:03:18 Tree362 32 608 3053 00:02:47 
Tree333 17 380 1946 00:01:27 Tree363 26 503 2527 00:02:10 
Tree334 24 466 2348 00:01:54 Tree364 25 497 2502 00:02:03 
Tree335 26 464 2321 00:01:49 Tree365 26 560 2761 00:03:06 
Tree336 44 889 4417 00:04:40 Tree366 21 397 1978 00:01:56 
Tree337 48 874 4361 00:04:30 Tree367 35 705 3550 00:04:15 
Tree338 18 391 2005 00:01:30 Tree368 23 465 2374 00:02:26 
Tree339 26 494 2471 00:01:59 Tree369 27 542 2679 00:02:34 
Tree340 29 588 2979 00:02:34 Tree370 30 599 3002 00:03:01 
Tree341 28 569 2850 00:02:25 Tree371 34 689 3424 00:03:32 
Tree342 34 723 3587 00:03:29 Tree372 25 497 2494 00:02:15 
Tree343 33 608 3082 00:02:46 Tree373 31 604 3030 00:03:04 
Tree344 37 764 3817 00:03:40 Tree374 23 434 2189 00:02:04 
Tree345 32 631 3203 00:02:52 Tree375 21 414 2095 00:01:58 
     Sum 11472 229373 1150227 22:16:16 
     Mean 30.59 611.66 3067.27 00:03:34 
     SD 7.41 150.04 751.05 00:01:43 
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Control Point 1 

 

 

 

Innersubjektfaktoren

Maß MASS_1

Abhängige Variable

Heuristic 1 CP1Highest_Value_First

2 CP1System_Functions_First

3 CP1System_Functions_First_Highest_Value_First

4 CP1Remaining_Value_Global

5 CP1Remaining_Value_Global_All

6 CP1Remaining_Value

7 CP1Remaining_Value_All

8 CP1Value_Cost_Optimal

9 CP1Optimal_Solution

Deskriptive Statistiken

Mittelwert Standardabweichung N

CP1Highest_Value_First 74.4420 19.43362 75

CP1System_Functions_First 168.5061 36.38671 75

CP1System_Functions_First_Highest_Value_First 170.6010 35.34489 75

CP1Remaining_Value_Global 217.3995 42.62185 75

CP1Remaining_Value_Global_All 229.1507 46.11287 75

CP1Remaining_Value 165.5282 34.50912 75

CP1Remaining_Value_All 108.6512 21.27089 75

CP1Value_Cost_Optimal 189.9171 40.12229 75

CP1Optimal_Solution 221.5213 45.80486 75

Mauchly-Test auf Sphärizität

Maß MASS_1

Mauchly-W

Approximiertes 

Chi-Quadrat df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Untergrenze

Innersubjekteffekt Heuristic .000 997.568 35 .000 .221 .226 .125
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Tests der Innersubjekteffekte

Maß MASS_1

Quadratsumme 

vom Typ III df

Mittel der 

Quadrate F Sig.

Partielles 

Eta-Quadrat

Quelle Heuristic Sphärizität angenommen 1626510.420 8 203313.802 1126.961 .000 .938

Greenhouse-Geisser 1626510.420 1.766 920941.259 1126.961 .000 .938

Huynh-Feldt 1626510.420 1.806 900572.849 1126.961 .000 .938

Untergrenze 1626510.420 1.000 1626510.420 1126.961 .000 .938

Fehler(Heuristic) Sphärizität angenommen 106802.075 592 180.409

Greenhouse-Geisser 106802.075 130.694 817.190

Huynh-Feldt 106802.075 133.650 799.116

Untergrenze 106802.075 74.000 1443.271

Schätzer

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Heuristic 1 74.442 2.244 69.971 78.913

2 168.506 4.202 160.134 176.878

3 170.601 4.081 162.469 178.733

4 217.399 4.922 207.593 227.206

5 229.151 5.325 218.541 239.760

6 165.528 3.985 157.588 173.468

7 108.651 2.456 103.757 113.545

8 189.917 4.633 180.686 199.148

9 221.521 5.289 210.983 232.060
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Paarweise Vergleiche

Maß MASS_1

Mittlere 

Differenz 

(I-J) Standardfehler Sig.

95% Konfidenzintervall für

die Differenz

Untergrenze Obergrenze

(I)Heuristic 1 (J)Heuristic 2 -94.064 2.641 .000 -102.839 -85.289

3 -96.159 2.566 .000 -104.684 -87.634

4 -142.958 3.359 .000 -154.117 -131.798

5 -154.709 3.775 .000 -167.250 -142.167

6 -91.086 2.567 .000 -99.616 -82.557

7 -34.209 1.670 .000 -39.759 -28.659

8 -115.475 2.932 .000 -125.218 -105.733

9 -147.079 3.673 .000 -159.283 -134.876

2 (J)Heuristic 1 94.064 2.641 .000 85.289 102.839

3 -2.095 1.257 1.000 -6.272 2.082

4 -48.893 1.066 .000 -52.435 -45.352

5 -60.645 1.523 .000 -65.704 -55.585

6 2.978 1.471 1.000 -1.909 7.865

7 59.855 2.662 .000 51.011 68.699

8 -21.411 1.616 .000 -26.779 -16.043

9 -53.015 1.901 .000 -59.330 -46.700

3 (J)Heuristic 1 96.159 2.566 .000 87.634 104.684

2 2.095 1.257 1.000 -2.082 6.272

4 -46.798 1.359 .000 -51.314 -42.283

5 -58.550 1.528 .000 -63.627 -53.473

6 5.073 .625 .000 2.995 7.151

7 61.950 2.425 .000 53.894 70.005

8 -19.316 1.104 .000 -22.983 -15.649

9 -50.920 1.286 .000 -55.194 -46.647

4 (J)Heuristic 1 142.958 3.359 .000 131.798 154.117

2 48.893 1.066 .000 45.352 52.435

3 46.798 1.359 .000 42.283 51.314

5 -11.751 .561 .000 -13.615 -9.888

6 51.871 1.515 .000 46.838 56.905

7 108.748 3.226 .000 98.031 119.465

8 27.482 1.480 .000 22.564 32.401

9 -4.122 1.348 .112 -8.601 .357

5 (J)Heuristic 1 154.709 3.775 .000 142.167 167.250

2 60.645 1.523 .000 55.585 65.704

3 58.550 1.528 .000 53.473 63.627

4 11.751 .561 .000 9.888 13.615

6 63.622 1.651 .000 58.137 69.108

7 120.499 3.538 .000 108.745 132.254

8 39.234 1.587 .000 33.962 44.505

9 7.629 1.088 .000 4.013 11.246
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6 (J)Heuristic 1 91.086 2.567 .000 82.557 99.616

2 -2.978 1.471 1.000 -7.865 1.909

3 -5.073 .625 .000 -7.151 -2.995

4 -51.871 1.515 .000 -56.905 -46.838

5 -63.622 1.651 .000 -69.108 -58.137

7 56.877 2.166 .000 49.680 64.074

8 -24.389 1.457 .000 -29.229 -19.549

9 -55.993 1.499 .000 -60.973 -51.013

7 (J)Heuristic 1 34.209 1.670 .000 28.659 39.759

2 -59.855 2.662 .000 -68.699 -51.011

3 -61.950 2.425 .000 -70.005 -53.894

4 -108.748 3.226 .000 -119.465 -98.031

5 -120.499 3.538 .000 -132.254 -108.745

6 -56.877 2.166 .000 -64.074 -49.680

8 -81.266 3.140 .000 -91.697 -70.835

9 -112.870 3.528 .000 -124.591 -101.149

8 (J)Heuristic 1 115.475 2.932 .000 105.733 125.218

2 21.411 1.616 .000 16.043 26.779

3 19.316 1.104 .000 15.649 22.983

4 -27.482 1.480 .000 -32.401 -22.564

5 -39.234 1.587 .000 -44.505 -33.962

6 24.389 1.457 .000 19.549 29.229

7 81.266 3.140 .000 70.835 91.697

9 -31.604 1.210 .000 -35.625 -27.583

9 (J)Heuristic 1 147.079 3.673 .000 134.876 159.283

2 53.015 1.901 .000 46.700 59.330

3 50.920 1.286 .000 46.647 55.194

4 4.122 1.348 .112 -.357 8.601

5 -7.629 1.088 .000 -11.246 -4.013

6 55.993 1.499 .000 51.013 60.973

7 112.870 3.528 .000 101.149 124.591

8 31.604 1.210 .000 27.583 35.625



Appendix H: Experiment Results Simulation 2 

316 

Control Point 2 

 

 

 

Innersubjektfaktoren

Maß MASS_1

Abhängige Variable

Heuristic 1 CP2Highest_Value_First

2 CP2System_Functions_First

3 CP2System_Functions_First_Highest_Value_First

4 CP2Remaining_Value_Global

5 CP2Remaining_Value_Global_All

6 CP2Remaining_Value

7 CP2Remaining_Value_All

8 CP2Value_Cost_Optimal

9 CP2Optimal_Solution

Deskriptive Statistiken

Mittelwert Standardabweichung N

CP2Highest_Value_First 494.5500 125.43363 75

CP2System_Functions_First 578.6028 146.75938 75

CP2System_Functions_First_Highest_Value_First 665.0684 167.15273 75

CP2Remaining_Value_Global 701.5359 168.66066 75

CP2Remaining_Value_Global_All 743.1646 181.79760 75

CP2Remaining_Value 628.3029 155.38772 75

CP2Remaining_Value_All 539.2232 125.03383 75

CP2Value_Cost_Optimal 684.1931 173.40631 75

CP2Optimal_Solution 751.4020 188.74966 75

Mauchly-Test auf Sphärizität

Maß MASS_1

Mauchly-W

Approximiertes 

Chi-Quadrat df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Untergrenze

Innersubjekteffekt Heuristic .000 1177.679 35 .000 .200 .204 .125
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Tests der Innersubjekteffekte

Maß MASS_1

Quadratsumme 

vom Typ III df

Mittel der 

Quadrate F Sig.

Partielles 

Eta-Quadrat

Quelle Heuristic Sphärizität angenommen 4842315.868 8 605289.483 792.293 .000 .915

Greenhouse-Geisser 4842315.868 1.604 3019147.603 792.293 .000 .915

Huynh-Feldt 4842315.868 1.634 2963602.325 792.293 .000 .915

Untergrenze 4842315.868 1.000 4842315.868 792.293 .000 .915

Fehler(Heuristic) Sphärizität angenommen 452271.398 592 763.972

Greenhouse-Geisser 452271.398 118.686 3810.646

Huynh-Feldt 452271.398 120.911 3740.539

Untergrenze 452271.398 74.000 6111.776

Schätzer

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Heuristic 1 494.550 14.484 465.690 523.410

2 578.603 16.946 544.837 612.369

3 665.068 19.301 626.610 703.527

4 701.536 19.475 662.731 740.341

5 743.165 20.992 701.337 784.992

6 628.303 17.943 592.551 664.054

7 539.223 14.438 510.456 567.991

8 684.193 20.023 644.296 724.090

9 751.402 21.795 707.975 794.829
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Paarweise Vergleiche

Maß MASS_1

Mittlere 

Differenz 

(I-J) Standardfehler Sig.

95% Konfidenzintervall für

die Differenz

Untergrenze Obergrenze

(I)Heuristic 1 (J)Heuristic 2 -84.053 3.537 .000 -95.805 -72.300

3 -170.518 5.470 .000 -188.692 -152.345

4 -206.986 5.451 .000 -225.095 -188.877

5 -248.615 6.971 .000 -271.775 -225.454

6 -133.753 4.443 .000 -148.513 -118.992

7 -44.673 2.944 .000 -54.455 -34.892

8 -189.643 5.841 .000 -209.050 -170.236

9 -256.852 7.844 .000 -282.912 -230.792

2 (J)Heuristic 1 84.053 3.537 .000 72.300 95.805

3 -86.466 4.096 .000 -100.074 -72.857

4 -122.933 3.166 .000 -133.451 -112.415

5 -164.562 4.779 .000 -180.440 -148.684

6 -49.700 3.810 .000 -62.358 -37.043

7 39.380 4.541 .000 24.292 54.468

8 -105.590 4.266 .000 -119.764 -91.416

9 -172.799 6.111 .000 -193.103 -152.495

3 (J)Heuristic 1 170.518 5.470 .000 152.345 188.692

2 86.466 4.096 .000 72.857 100.074

4 -36.467 2.152 .000 -43.617 -29.318

5 -78.096 2.335 .000 -85.854 -70.339

6 36.766 1.825 .000 30.701 42.830

7 125.845 5.715 .000 106.859 144.831

8 -19.125 1.672 .000 -24.679 -13.571

9 -86.334 2.582 .000 -94.912 -77.756

4 (J)Heuristic 1 206.986 5.451 .000 188.877 225.095

2 122.933 3.166 .000 112.415 133.451

3 36.467 2.152 .000 29.318 43.617

5 -41.629 1.752 .000 -47.451 -35.806

6 73.233 2.997 .000 63.276 83.190

7 162.313 5.906 .000 142.692 181.934

8 17.343 1.937 .000 10.908 23.778

9 -49.866 3.388 .000 -61.124 -38.608

5 (J)Heuristic 1 248.615 6.971 .000 225.454 271.775

2 164.562 4.779 .000 148.684 180.440

3 78.096 2.335 .000 70.339 85.854

4 41.629 1.752 .000 35.806 47.451

6 114.862 3.694 .000 102.589 127.134

7 203.941 7.196 .000 180.032 227.851

8 58.971 1.958 .000 52.467 65.476

9 -8.237 2.030 .004 -14.983 -1.492
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6 (J)Heuristic 1 133.753 4.443 .000 118.992 148.513

2 49.700 3.810 .000 37.043 62.358

3 -36.766 1.825 .000 -42.830 -30.701

4 -73.233 2.997 .000 -83.190 -63.276

5 -114.862 3.694 .000 -127.134 -102.589

7 89.080 4.171 .000 75.222 102.937

8 -55.890 3.089 .000 -66.152 -45.629

9 -123.099 4.101 .000 -136.725 -109.473

7 (J)Heuristic 1 44.673 2.944 .000 34.892 54.455

2 -39.380 4.541 .000 -54.468 -24.292

3 -125.845 5.715 .000 -144.831 -106.859

4 -162.313 5.906 .000 -181.934 -142.692

5 -203.941 7.196 .000 -227.851 -180.032

6 -89.080 4.171 .000 -102.937 -75.222

8 -144.970 6.521 .000 -166.637 -123.303

9 -212.179 8.074 .000 -239.004 -185.354

8 (J)Heuristic 1 189.643 5.841 .000 170.236 209.050

2 105.590 4.266 .000 91.416 119.764

3 19.125 1.672 .000 13.571 24.679

4 -17.343 1.937 .000 -23.778 -10.908

5 -58.971 1.958 .000 -65.476 -52.467

6 55.890 3.089 .000 45.629 66.152

7 144.970 6.521 .000 123.303 166.637

9 -67.209 2.400 .000 -75.182 -59.236

9 (J)Heuristic 1 256.852 7.844 .000 230.792 282.912

2 172.799 6.111 .000 152.495 193.103

3 86.334 2.582 .000 77.756 94.912

4 49.866 3.388 .000 38.608 61.124

5 8.237 2.030 .004 1.492 14.983

6 123.099 4.101 .000 109.473 136.725

7 212.179 8.074 .000 185.354 239.004

8 67.209 2.400 .000 59.236 75.182
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Control Point 3 

 

 

 

Innersubjektfaktoren

Maß MASS_1

Abhängige Variable

Heuristic 1 CP3Highest_Value_First

2 CP3System_Functions_First

3 CP3System_Functions_First_Highest_Value_First

4 CP3Remaining_Value_Global

5 CP3Remaining_Value_Global_All

6 CP3Remaining_Value

7 CP3Remaining_Value_All

8 CP3Value_Cost_Optimal

9 CP3Optimal_Solution

Deskriptive Statistiken

Mittelwert Standardabweichung N

CP3Highest_Value_First 1117.3500 242.73762 75

CP3System_Functions_First 1148.8451 258.77247 75

CP3System_Functions_First_Highest_Value_First 1295.9849 283.14401 75

CP3Remaining_Value_Global 1325.9193 285.19467 75

CP3Remaining_Value_Global_All 1388.3880 301.69472 75

CP3Remaining_Value 1247.9344 268.82976 75

CP3Remaining_Value_All 1154.7891 237.31169 75

CP3Value_Cost_Optimal 1323.7200 291.86745 75

CP3Optimal_Solution 1401.7898 307.11494 75

Mauchly-Test auf Sphärizität

Maß MASS_1

Mauchly-W

Approximiertes 

Chi-Quadrat df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Untergrenze

Innersubjekteffekt Heuristic .000 1258.409 35 .000 .206 .210 .125
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Tests der Innersubjekteffekte

Maß MASS_1

Quadratsumme 

vom Typ III df

Mittel der 

Quadrate F Sig.

Partielles 

Eta-Quadrat

Quelle Heuristic Sphärizität angenommen 6730671.004 8 841333.875 935.815 .000 .927

Greenhouse-Geisser 6730671.004 1.648 4083155.095 935.815 .000 .927

Huynh-Feldt 6730671.004 1.681 4003740.489 935.815 .000 .927

Untergrenze 6730671.004 1.000 6730671.004 935.815 .000 .927

Fehler(Heuristic) Sphärizität angenommen 532231.089 592 899.039

Greenhouse-Geisser 532231.089 121.982 4363.209

Huynh-Feldt 532231.089 124.401 4278.348

Untergrenze 532231.089 74.000 7192.312

Schätzer

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Heuristic 1 1117.350 28.029 1061.501 1173.199

2 1148.845 29.880 1089.307 1208.383

3 1295.985 32.695 1230.839 1361.130

4 1325.919 32.931 1260.302 1391.537

5 1388.388 34.837 1318.974 1457.802

6 1247.934 31.042 1186.082 1309.787

7 1154.789 27.402 1100.189 1209.390

8 1323.720 33.702 1256.567 1390.873

9 1401.790 35.463 1331.129 1472.451
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Paarweise Vergleiche

Maß MASS_1

Mittlere 

Differenz 

(I-J) Standardfehler Sig.

95% Konfidenzintervall für 

die Differenz

Untergrenze Obergrenze

(I)Heuristic 1 (J)Heuristic 2 -31.495 3.653 .000 -43.632 -19.358

3 -178.635 5.139 .000 -195.711 -161.559

4 -208.569 5.415 .000 -226.561 -190.577

5 -271.038 7.243 .000 -295.104 -246.972

6 -130.584 3.730 .000 -142.978 -118.191

7 -37.439 2.803 .000 -46.751 -28.127

8 -206.370 5.973 .000 -226.214 -186.526

9 -284.440 7.902 .000 -310.694 -258.186

2 (J)Heuristic 1 31.495 3.653 .000 19.358 43.632

3 -147.140 5.011 .000 -163.789 -130.491

4 -177.074 3.682 .000 -189.308 -164.840

5 -239.543 5.824 .000 -258.894 -220.192

6 -99.089 4.651 .000 -114.541 -83.638

7 -5.944 5.091 1.000 -22.858 10.970

8 -174.875 5.319 .000 -192.547 -157.203

9 -252.945 7.203 .000 -276.877 -229.012

3 (J)Heuristic 1 178.635 5.139 .000 161.559 195.711

2 147.140 5.011 .000 130.491 163.789

4 -29.934 2.642 .000 -38.712 -21.157

5 -92.403 2.862 .000 -101.911 -82.896

6 48.051 2.144 .000 40.928 55.173

7 141.196 5.927 .000 121.504 160.888

8 -27.735 1.679 .000 -33.313 -22.157

9 -105.805 2.846 .000 -115.261 -96.349

4 (J)Heuristic 1 208.569 5.415 .000 190.577 226.561

2 177.074 3.682 .000 164.840 189.308

3 29.934 2.642 .000 21.157 38.712

5 -62.469 2.235 .000 -69.894 -55.043

6 77.985 3.573 .000 66.113 89.857

7 171.130 6.475 .000 149.619 192.642

8 2.199 2.442 1.000 -5.915 10.313

9 -75.871 3.890 .000 -88.796 -62.945

5 (J)Heuristic 1 271.038 7.243 .000 246.972 295.104

2 239.543 5.824 .000 220.192 258.894

3 92.403 2.862 .000 82.896 101.911

4 62.469 2.235 .000 55.043 69.894

6 140.454 4.494 .000 125.521 155.386

7 233.599 8.055 .000 206.835 260.363

8 64.668 2.231 .000 57.255 72.081

9 -13.402 2.144 .000 -20.527 -6.277
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6 (J)Heuristic 1 130.584 3.730 .000 118.191 142.978

2 99.089 4.651 .000 83.638 114.541

3 -48.051 2.144 .000 -55.173 -40.928

4 -77.985 3.573 .000 -89.857 -66.113

5 -140.454 4.494 .000 -155.386 -125.521

7 93.145 4.191 .000 79.222 107.068

8 -75.786 3.394 .000 -87.062 -64.509

9 -153.855 4.719 .000 -169.533 -138.178

7 (J)Heuristic 1 37.439 2.803 .000 28.127 46.751

2 5.944 5.091 1.000 -10.970 22.858

3 -141.196 5.927 .000 -160.888 -121.504

4 -171.130 6.475 .000 -192.642 -149.619

5 -233.599 8.055 .000 -260.363 -206.835

6 -93.145 4.191 .000 -107.068 -79.222

8 -168.931 6.997 .000 -192.177 -145.684

9 -247.001 8.613 .000 -275.618 -218.384

8 (J)Heuristic 1 206.370 5.973 .000 186.526 226.214

2 174.875 5.319 .000 157.203 192.547

3 27.735 1.679 .000 22.157 33.313

4 -2.199 2.442 1.000 -10.313 5.915

5 -64.668 2.231 .000 -72.081 -57.255

6 75.786 3.394 .000 64.509 87.062

7 168.931 6.997 .000 145.684 192.177

9 -78.070 2.361 .000 -85.913 -70.227

9 (J)Heuristic 1 284.440 7.902 .000 258.186 310.694

2 252.945 7.203 .000 229.012 276.877

3 105.805 2.846 .000 96.349 115.261

4 75.871 3.890 .000 62.945 88.796

5 13.402 2.144 .000 6.277 20.527

6 153.855 4.719 .000 138.178 169.533

7 247.001 8.613 .000 218.384 275.618

8 78.070 2.361 .000 70.227 85.913
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Control Point 4 

 

 

 

Innersubjektfaktoren

Maß MASS_1

Abhängige Variable

Heuristic 1 CP4Highest_Value_First

2 CP4System_Functions_First

3 CP4System_Functions_First_Highest_Value_First

4 CP4Remaining_Value_Global

5 CP4Remaining_Value_Global_All

6 CP4Remaining_Value

7 CP4Remaining_Value_All

8 CP4Value_Cost_Optimal

9 CP4Optimal_Solution

Deskriptive Statistiken

Mittelwert Standardabweichung N

CP4Highest_Value_First 1790.3295 419.90438 75

CP4System_Functions_First 1775.8832 430.35195 75

CP4System_Functions_First_Highest_Value_First 1962.1952 460.23886 75

CP4Remaining_Value_Global 1983.8571 458.11048 75

CP4Remaining_Value_Global_All 2054.9897 477.22155 75

CP4Remaining_Value 1915.8576 442.71192 75

CP4Remaining_Value_All 1821.2040 410.65061 75

CP4Value_Cost_Optimal 1993.4774 470.20699 75

CP4Optimal_Solution 2073.2909 485.75765 75

Mauchly-Test auf Sphärizität

Maß MASS_1

Mauchly-W

Approximiertes 

Chi-Quadrat df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Untergrenze

Innersubjekteffekt Heuristic .000 1337.690 35 .000 .243 .249 .125
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Tests der Innersubjekteffekte

Maß MASS_1

Quadratsumme 

vom Typ III df

Mittel der 

Quadrate F Sig.

Partielles 

Eta-Quadrat

Quelle Heuristic Sphärizität angenommen 7456312.199 8 932039.025 827.989 .000 .918

Greenhouse-Geisser 7456312.199 1.940 3843049.00

3

827.989 .000 .918

Huynh-Feldt 7456312.199 1.992 3743847.16

8

827.989 .000 .918

Untergrenze 7456312.199 1.000 7456312.19

9

827.989 .000 .918

Fehler(Heuristic) Sphärizität angenommen 666393.858 592 1125.665

Greenhouse-Geisser 666393.858 143.575 4641.423

Huynh-Feldt 666393.858 147.380 4521.612

Untergrenze 666393.858 74.000 9005.322

Schätzer

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Heuristic 1 1790.330 48.486 1693.718 1886.941

2 1775.883 49.693 1676.868 1874.898

3 1962.195 53.144 1856.304 2068.087

4 1983.857 52.898 1878.455 2089.259

5 2054.990 55.105 1945.191 2164.788

6 1915.858 51.120 1813.999 2017.716

7 1821.204 47.418 1726.722 1915.686

8 1993.477 54.295 1885.293 2101.662

9 2073.291 56.090 1961.528 2185.054
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Paarweise Vergleiche

Maß MASS_1

Mittlere 

Differenz 

(I-J) Standardfehler Sig.

95% Konfidenzintervall für

die Differenz

Untergrenze Obergrenze

(I)Heuristic 1 (J)Heuristic 2 14.446 5.346 .307 -3.314 32.207

3 -171.866 5.083 .000 -188.754 -154.978

4 -193.528 5.496 .000 -211.786 -175.269

5 -264.660 7.251 .000 -288.750 -240.571

6 -125.528 3.403 .000 -136.833 -114.223

7 -30.874 3.007 .000 -40.864 -20.885

8 -203.148 6.046 .000 -223.237 -183.059

9 -282.961 7.974 .000 -309.453 -256.470

2 (J)Heuristic 1 -14.446 5.346 .307 -32.207 3.314

3 -186.312 6.866 .000 -209.123 -163.501

4 -207.974 4.314 .000 -222.306 -193.642

5 -279.106 6.856 .000 -301.885 -256.328

6 -139.974 6.625 .000 -161.984 -117.965

7 -45.321 6.522 .000 -66.991 -23.651

8 -217.594 6.844 .000 -240.334 -194.855

9 -297.408 8.947 .000 -327.132 -267.683

3 (J)Heuristic 1 171.866 5.083 .000 154.978 188.754

2 186.312 6.866 .000 163.501 209.123

4 -21.662 3.505 .000 -33.306 -10.018

5 -92.794 3.200 .000 -103.426 -82.163

6 46.338 2.556 .000 37.847 54.828

7 140.991 6.236 .000 120.274 161.708

8 -31.282 1.877 .000 -37.517 -25.047

9 -111.096 3.052 .000 -121.237 -100.954

4 (J)Heuristic 1 193.528 5.496 .000 175.269 211.786

2 207.974 4.314 .000 193.642 222.306

3 21.662 3.505 .000 10.018 33.306

5 -71.133 2.629 .000 -79.866 -62.399

6 68.000 4.391 .000 53.412 82.587

7 162.653 6.752 .000 140.220 185.086

8 -9.620 3.010 .074 -19.622 .382

9 -89.434 4.874 .000 -105.626 -73.241

5 (J)Heuristic 1 264.660 7.251 .000 240.571 288.750

2 279.106 6.856 .000 256.328 301.885

3 92.794 3.200 .000 82.163 103.426

4 71.133 2.629 .000 62.399 79.866

6 139.132 5.024 .000 122.440 155.824

7 233.786 8.322 .000 206.137 261.435

8 61.512 2.168 .000 54.310 68.715

9 -18.301 2.712 .000 -27.312 -9.290
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6 (J)Heuristic 1 125.528 3.403 .000 114.223 136.833

2 139.974 6.625 .000 117.965 161.984

3 -46.338 2.556 .000 -54.828 -37.847

4 -68.000 4.391 .000 -82.587 -53.412

5 -139.132 5.024 .000 -155.824 -122.440

7 94.654 4.147 .000 80.875 108.432

8 -77.620 3.923 .000 -90.655 -64.585

9 -157.433 5.246 .000 -174.862 -140.004

7 (J)Heuristic 1 30.874 3.007 .000 20.885 40.864

2 45.321 6.522 .000 23.651 66.991

3 -140.991 6.236 .000 -161.708 -120.274

4 -162.653 6.752 .000 -185.086 -140.220

5 -233.786 8.322 .000 -261.435 -206.137

6 -94.654 4.147 .000 -108.432 -80.875

8 -172.273 7.502 .000 -197.198 -147.349

9 -252.087 9.078 .000 -282.248 -221.926

8 (J)Heuristic 1 203.148 6.046 .000 183.059 223.237

2 217.594 6.844 .000 194.855 240.334

3 31.282 1.877 .000 25.047 37.517

4 9.620 3.010 .074 -.382 19.622

5 -61.512 2.168 .000 -68.715 -54.310

6 77.620 3.923 .000 64.585 90.655

7 172.273 7.502 .000 147.349 197.198

9 -79.813 2.435 .000 -87.903 -71.724

9 (J)Heuristic 1 282.961 7.974 .000 256.470 309.453

2 297.408 8.947 .000 267.683 327.132

3 111.096 3.052 .000 100.954 121.237

4 89.434 4.874 .000 73.241 105.626

5 18.301 2.712 .000 9.290 27.312

6 157.433 5.246 .000 140.004 174.862

7 252.087 9.078 .000 221.926 282.248

8 79.813 2.435 .000 71.724 87.903
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Control Point 5 

 

 

 

Innersubjektfaktoren

Maß MASS_1

Abhängige Variable

Heuristic 1 CP5Highest_Value_First

2 CP5System_Functions_First

3 CP5System_Functions_First_Highest_Value_First

4 CP5Remaining_Value_Global

5 CP5Remaining_Value_Global_All

6 CP5Remaining_Value

7 CP5Remaining_Value_All

8 CP5Value_Cost_Optimal

9 CP5Optimal_Solution

Deskriptive Statistiken

Mittelwert Standardabweichung N

CP5Highest_Value_First 2398.6649 539.02240 75

CP5System_Functions_First 2369.5501 533.19532 75

CP5System_Functions_First_Highest_Value_First 2562.3704 577.72970 75

CP5Remaining_Value_Global 2583.1218 568.85677 75

CP5Remaining_Value_Global_All 2652.0012 589.68298 75

CP5Remaining_Value 2519.5832 565.05624 75

CP5Remaining_Value_All 2433.1798 534.62836 75

CP5Value_Cost_Optimal 2591.5201 586.71119 75

CP5Optimal_Solution 2668.9994 603.06372 75

Mauchly-Test auf Sphärizität

Maß MASS_1

Mauchly-W

Approximiertes 

Chi-Quadrat df Sig.

Epsilon

Greenhouse-Geisser Huynh-Feldt Untergrenze

Innersubjekteffekt Heuristic .000 1261.932 35 .000 .233 .238 .125
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Tests der Innersubjekteffekte

Maß MASS_1

Quadratsumme 

vom Typ III df

Mittel der 

Quadrate F Sig.

Partielles 

Eta-Quadrat

Quelle Heuristic Sphärizität angenommen 7074477.528 8 884309.691 819.073 .000 .917

Greenhouse-Geisser 7074477.528 1.861 3801439.231 819.073 .000 .917

Huynh-Feldt 7074477.528 1.907 3709582.413 819.073 .000 .917

Untergrenze 7074477.528 1.000 7074477.528 819.073 .000 .917

Fehler(Heuristic) Sphärizität angenommen 639150.901 592 1079.647

Greenhouse-Geisser 639150.901 137.714 4641.147

Huynh-Feldt 639150.901 141.124 4529.000

Untergrenze 639150.901 74.000 8637.174

Schätzer

Maß MASS_1

Mittelwert Standardfehler

95%-Konfidenzintervall

Untergrenze Obergrenze

Heuristic 1 2398.665 62.241 2274.647 2522.683

2 2369.550 61.568 2246.873 2492.227

3 2562.370 66.710 2429.447 2695.294

4 2583.122 65.686 2452.240 2714.004

5 2652.001 68.091 2516.328 2787.675

6 2519.583 65.247 2389.576 2649.591

7 2433.180 61.734 2310.173 2556.187

8 2591.520 67.748 2456.530 2726.510

9 2668.999 69.636 2530.247 2807.752
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Paarweise Vergleiche

Maß MASS_1

Mittlere 

Differenz 

(I-J) Standardfehler Sig.

95% Konfidenzintervall für 

die Differenz

Untergrenze Obergrenze

(I)Heuristic 1 (J)Heuristic 2 29.115 5.147 .000 12.013 46.217

3 -163.706 4.794 .000 -179.635 -147.776

4 -184.457 4.552 .000 -199.582 -169.332

5 -253.336 6.382 .000 -274.539 -232.133

6 -120.918 3.633 .000 -132.989 -108.848

7 -34.515 3.406 .000 -45.831 -23.199

8 -192.855 5.719 .000 -211.858 -173.853

9 -270.334 7.634 .000 -295.696 -244.973

2 (J)Heuristic 1 -29.115 5.147 .000 -46.217 -12.013

3 -192.820 7.515 .000 -217.789 -167.851

4 -213.572 5.039 .000 -230.313 -196.830

5 -282.451 7.650 .000 -307.867 -257.035

6 -150.033 7.086 .000 -173.575 -126.491

7 -63.630 5.953 .000 -83.407 -43.852

8 -221.970 7.887 .000 -248.175 -195.765

9 -299.449 9.971 .000 -332.576 -266.322

3 (J)Heuristic 1 163.706 4.794 .000 147.776 179.635

2 192.820 7.515 .000 167.851 217.789

4 -20.751 3.349 .000 -31.878 -9.625

5 -89.631 2.714 .000 -98.649 -80.613

6 42.787 2.254 .000 35.299 50.275

7 129.191 5.855 .000 109.736 148.645

8 -29.150 1.669 .000 -34.695 -23.604

9 -106.629 3.010 .000 -116.629 -96.629

4 (J)Heuristic 1 184.457 4.552 .000 169.332 199.582

2 213.572 5.039 .000 196.830 230.313

3 20.751 3.349 .000 9.625 31.878

5 -68.879 2.711 .000 -77.887 -59.872

6 63.539 3.768 .000 51.018 76.059

7 149.942 5.677 .000 131.080 168.804

8 -8.398 3.352 .520 -19.536 2.739

9 -85.878 5.215 .000 -103.205 -68.551

5 (J)Heuristic 1 253.336 6.382 .000 232.133 274.539

2 282.451 7.650 .000 257.035 307.867

3 89.631 2.714 .000 80.613 98.649

4 68.879 2.711 .000 59.872 77.887

6 132.418 4.062 .000 118.923 145.913

7 218.821 7.245 .000 194.752 242.891

8 60.481 2.054 .000 53.658 67.304

9 -16.998 2.866 .000 -26.519 -7.478
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6 (J)Heuristic 1 120.918 3.633 .000 108.848 132.989

2 150.033 7.086 .000 126.491 173.575

3 -42.787 2.254 .000 -50.275 -35.299

4 -63.539 3.768 .000 -76.059 -51.018

5 -132.418 4.062 .000 -145.913 -118.923

7 86.403 4.103 .000 72.773 100.034

8 -71.937 3.432 .000 -83.341 -60.533

9 -149.416 4.728 .000 -165.124 -133.708

7 (J)Heuristic 1 34.515 3.406 .000 23.199 45.831

2 63.630 5.953 .000 43.852 83.407

3 -129.191 5.855 .000 -148.645 -109.736

4 -149.942 5.677 .000 -168.804 -131.080

5 -218.821 7.245 .000 -242.891 -194.752

6 -86.403 4.103 .000 -100.034 -72.773

8 -158.340 7.015 .000 -181.646 -135.034

9 -235.820 8.546 .000 -264.214 -207.425

8 (J)Heuristic 1 192.855 5.719 .000 173.853 211.858

2 221.970 7.887 .000 195.765 248.175

3 29.150 1.669 .000 23.604 34.695

4 8.398 3.352 .520 -2.739 19.536

5 -60.481 2.054 .000 -67.304 -53.658

6 71.937 3.432 .000 60.533 83.341

7 158.340 7.015 .000 135.034 181.646

9 -77.479 2.336 .000 -85.240 -69.718

9 (J)Heuristic 1 270.334 7.634 .000 244.973 295.696

2 299.449 9.971 .000 266.322 332.576

3 106.629 3.010 .000 96.629 116.629

4 85.878 5.215 .000 68.551 103.205

5 16.998 2.866 .000 7.478 26.519

6 149.416 4.728 .000 133.708 165.124

7 235.820 8.546 .000 207.425 264.214

8 77.479 2.336 .000 69.718 85.240
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Appendix I: Further Simulation Results 

Simulation with additional Performance Measures 

This section describes the simulation with the additional performance measures. This sim-
ulation is referred to as the standard simulation, as it uses the same model parameters as 
in the simulation experiment. 

Model Parameters 

Using this additional performance measures, a simulation was performed with N=25 re-
quirements trees using the same model parameters as in the controlled experiment. The 
table below shows the simulation meta data. 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 27 485 2426 01:23.5 
Tree2 34 688 3456 02:16.6 
Tree3 31 590 2964 01:53.9 
Tree4 35 705 3538 02:33.1 
Tree5 33 669 3331 02:23.3 
Tree6 43 849 4219 03:22.4 
Tree7 38 794 3951 03:02.1 
Tree8 29 625 3091 02:07.7 
Tree9 26 523 2596 01:41.1 
Tree10 27 523 2617 01:36.3 
Tree11 25 475 2383 01:23.5 
Tree12 35 712 3507 02:20.1 
Tree13 31 635 3225 02:06.6 
Tree14 26 516 2634 01:38.9 
Tree15 20 369 1838 01:03.6 
Tree16 26 515 2599 01:43.8 
Tree17 33 666 3349 02:19.0 
Tree18 24 479 2411 01:29.3 
Tree19 29 623 3094 02:06.5 
Tree20 41 823 4053 03:00.6 
Tree21 38 798 3950 02:54.8 
Tree22 24 476 2391 01:26.1 
Tree23 17 330 1643 00:56.4 
Tree24 17 341 1668 00:57.0 
Tree25 43 854 4274 03:15.7 
Sum 752 15063 75208 00:51:02 
Mean 30.08 602.52 3008.32 00:02:02 
SD 7.29 154.67 765.84 00:00:43 

Simulation Results 

The table below shows the results of the simulation for the NPV performance measure. In 
the first data row, the average NPV of all heuristics calculated over all 25 requirements 
trees at the respective control point is shown. In the rows below, the percentage deviation 



Appendix 

  333 

from this mean for each heuristic is depicted (i.e., the deviation of the average NPV from 
the respective heuristic from the mean over all heuristics). The average (Ø) percentage de-
viation from the mean over all control points is used as an indicator for comparing the 
overall performance of the decision heuristics. According to the ranking, the results are 
expectedly similar to the results of the experiment, as the simulation was performed with 
the same parameters.  

 CP1 CP2 CP3 CP4 CP5 
Average % 
Deviation 

from Mean SD Rank 

NPV Mean @ CP 
(over all DHs 
and Trees) 

158.50 605.23 1223.39 1920.03 2633.27 

DH1 Dev. -58% -23% -12% -7% -5% -21% 22% 9 
DH2 Dev. 0% -9% -10% -8% -6% -7% 4% 7 
DH3 Dev. 0% +4% +2% +2% +1% +2% 1% 5 
DH4 Dev. +27% +9% +5% +3% +2% +9% 10% 3 
DH5 Dev. +35% +16% +9% +6% +5% +14% 12% 2 
DH6 Dev. -4% -3% -1% -1% -1% -2% 1% 6 
DH7 Dev. -44% -18% -9% -6% -4% -16% 17% 8 
DH8 Dev. +13% +7% +5% +3% +2% +6% 4% 4 
DH9 Dev. +31% +17% +11% +7% +5% +14% 10% 1 

Dev.: Deviation, CP: Control Point; SD: Standard Deviation 

The table below shows the results for the integral performance measure. Mostly, the results 
are similar to the ones of the NPV. A difference can be seen for DH3, which performs rather 
worse in contrast to the NPV measure (-10% in contrast to +2%) and for DH8, which 
performs better (+14% in contrast to +6%). In general, the heuristics that performed best 
according to the NPV measure (i.e., DH4, DH5, DH8, DH9) perform even better according 
to the integral measure. The heuristics that performed worst according to the NPV measure 
(i.e., DH1, DH7) perform even worse when the integral measure is applied. 

 CP1 CP2 CP3 CP4 CP5 
Average % 
Deviation 

from Mean SD Rank 

Integral Mean @ CP 
(over all DHs and 

Trees) 
0.04 0.15 0.30 0.47 0.64 

DH1 Dev. -66% -34% -21% -16% -13% -30% 22% 9 
DH2 Dev. -9% -8% -5% -1% +3% -4% 5% 6 
DH3 Dev. -19% -9% -7% -7% -6% -10% 5% 7 
DH4 Dev. +21% +14% +12% +11% +10% +14% 5% 4 
DH5 Dev. +32% +22% +18% +14% +11% +19% 8% 1 
DH6 Dev. +7% -1% -3% -4% -4% -1% 5% 5 
DH7 Dev. -41% -21% -15% -12% -10% -20% 13% 8 
DH8 Dev. +31% +18% +10% +7% +4% +14% 11% 3 
DH9 Dev. +43% +20% +11% +6% +4% +17% 16% 2 

Dev.: Deviation, CP: Control Point; SD: Standard Deviation 

In the table below, the results for the context switch measure are shown. Here, lower 
values are better than higher values, as they represent less context switches. It can be seen 
that DH1, which is the worst heuristics according to the performance measures NPV and 
integral, is also the worst regarding the context switches. DH7 is almost on the same level, 
while DH8 and DH9 are also performing rather low. The best performing heuristic is DH2, 
which has around 98% less context switches in average than the mean of all heuristics. 
This is of course as expected, as the heuristic traverses a complete business process before 
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traversing the next one and thus has the minimal possible number of context switches 
according to the definition of this measure. DH3, DH4 and DH6 are performing well, with 
in average less than 50% of the mean. DH5 is minimal lower than the average of all heu-
ristics. 

 CP1 CP2 CP3 CP4 CP5 Average % 
Deviation 

from Mean SD Rank 
Context Switches Mean @ CP 

(over all DHs and Trees) 
270.16 613.16 976.85 1350.48 1734.23 

DH1 Dev. +81% +93% +96% +95% +94% +92% 6% 9 
DH2 Dev. -97% -98% -98% -98% -98% -98% 0% 1 
DH3 Dev. -58% -63% -65% -66% -68% -64% 4% 3 
DH4 Dev. -62% -72% -76% -76% -71% -71% 5% 2 
DH5 Dev. +16% -6% -12% -11% -11% -5% 12% 5 
DH6 Dev. -20% -42% -55% -63% -68% -50% 19% 4 
DH7 Dev. +80% +93% +95% +95% +93% +91% 6% 8 
DH8 Dev. +18% +44% +58% +64% +68% +51% 20% 6 
DH9 Dev. +42% +51% +57% +60% +61% +54% 8% 7 

Dev.: Deviation, CP: Control Point; SD: Standard Deviation 

Descriptive Statistics 

 NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 66.59 23.54 466.10 119.88 1081.74 263.14 1781.70 422.77 2496.03 582.48 
DH2 158.69 41.62 548.94 134.74 1104.49 265.21 1767.86 416.42 2474.97 574.10 
DH3 159.19 40.67 627.30 153.59 1253.79 301.47 1952.03 462.55 2665.59 622.81 
DH4 201.56 47.49 661.65 154.54 1278.47 294.18 1974.46 452.15 2688.35 611.46 
DH5 213.61 52.41 700.74 165.57 1338.60 312.19 2043.77 473.33 2758.44 633.59 
DH6 152.25 37.95 590.09 141.27 1207.61 285.40 1905.31 445.98 2618.65 606.17 
DH7 88.02 19.92 498.33 106.98 1111.59 248.81 1810.12 408.96 2524.12 569.11 
DH8 179.46 48.67 646.01 161.56 1279.43 310.95 1983.50 472.39 2698.13 632.53 
DH9 207.18 54.08 707.89 175.02 1354.83 327.88 2061.51 490.71 2775.16 651.21 

Mean 158.50  605.23  1223.39  1920.03  2633.27  
SD 51.42  86.01  102.83  110.64  111.86  

 
 Integral 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 0.01 0.005 0.10 0.01 0.24 0.02 0.39 0.02 0.56 0.02 
DH2 0.04 0.01 0.14 0.01 0.29 0.02 0.46 0.03 0.66 0.03 
DH3 0.04 0.005 0.14 0.01 0.28 0.02 0.44 0.02 0.60 0.02 
DH4 0.05 0.01 0.17 0.01 0.34 0.02 0.52 0.02 0.70 0.02 
DH5 0.06 0.01 0.18 0.01 0.35 0.02 0.53 0.02 0.71 0.02 
DH6 0.05 0.01 0.15 0.01 0.29 0.02 0.45 0.02 0.61 0.02 
DH7 0.03 0.01 0.12 0.02 0.26 0.02 0.41 0.02 0.58 0.02 
DH8 0.06 0.01 0.18 0.02 0.33 0.02 0.50 0.03 0.67 0.03 
DH9 0.06 0.01 0.18 0.02 0.33 0.02 0.50 0.03 0.66 0.03 

Mean 0.04  0.15  0.30  0.47  0.64  
SD 0.02  0.03  0.04  0.05  0.05  
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 Context Switches 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 488.16 126.24 1186.44 313.06 1910.12 504.03 2639.76 694.63 3359.60 896.47 
DH2 6.76 1.45 12.56 3.12 18.56 4.32 24.60 6.07 30.08 7.29 
DH3 114.40 31.07 228.88 62.01 341.12 92.06 454.00 122.48 560.04 152.59 
DH4 101.80 20.20 171.40 31.20 238.88 38.24 326.44 53.22 498.84 78.52 
DH5 313.20 62.49 577.56 107.03 859.92 162.95 1198.76 223.59 1551.68 330.13 
DH6 216.92 65.19 353.28 104.58 436.72 126.99 496.64 140.29 549.20 154.95 
DH7 487.36 133.77 1182.36 319.66 1909.60 521.50 2631.56 710.89 3354.52 911.70 
DH8 319.76 86.19 881.84 235.39 1546.96 408.34 2218.72 582.78 2909.24 776.23 
DH9 383.04 101.75 924.08 245.08 1529.76 404.00 2163.84 569.50 2794.88 748.96 

Mean 270.16  613.16  976.85  1350.48  1734.23  
SD 171.96  446.35  753.68  1065.43  1370.19  

 

Simulation of small Requirements Hierarchies 

Besides the simulation of requirements hierarchies based on the parameters of the con-
trolled experiment (standard simulation), it is interesting how the performance of the de-
cision heuristics changes if the requirements hierarchies are substantially smaller, i.e., if the 
hierarchy contains less requirements. In this section, the adapted model parameters as well 
as the simulation results are described. The additional performance measures are also ap-
plied. 

Model Parameters 

In order to perform simulations on smaller requirements hierarchies, the model parameters 
have to be adapted. To have a homogenous group of hierarchies that is substantially dif-
ferent, it was decided to change the number of business processes per tree , as well 
as the number of activities per business process .  was reduced by around 75% 
of the original size and  was reduced by 20%. was reduced in a way that there 
are no or only minimal overlaps in the tree sizes with the standard simulation. was 
only slithtly reduced because otherwise the processes were deemed to be too small (as they 
were created using a normal distribution with a standard deviation of 25%). The number 
of system functions per business activity  was not changed, as it is already rather low 
and additionally is not deemed to change substantially in practice. The other parameters 
were not changed and are the same as in the standard simulation. The table below sum-
marizes the changed model parameters.  

Requirements Numbers 
# of business processes (BPs) per tree  
# of business activities (BAs)  per business process  

Based on these parameters, a simulation was performed with N=25 requirements trees. 
The table below shows the simulation meta data. 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 12 199 991 00:29.7 
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Tree2 8 137 668 00:19.6 
Tree3 8 123 618 00:17.8 
Tree4 8 130 652 00:18.8 
Tree5 8 132 656 00:21.3 
Tree6 13 219 1098 00:36.1 
Tree7 4 59 298 00:08.7 
Tree8 8 129 629 00:18.6 
Tree9 8 139 683 00:20.1 
Tree10 8 112 559 00:16.1 
Tree11 10 160 805 00:24.4 
Tree12 8 137 649 00:19.8 
Tree13 6 96 477 00:15.2 
Tree14 10 169 839 00:29.9 
Tree15 9 131 655 00:19.6 
Tree16 6 82 431 00:13.1 
Tree17 9 147 743 00:22.4 
Tree18 9 149 743 00:24.2 
Tree19 6 93 458 00:14.7 
Tree20 6 93 464 00:13.7 
Tree21 7 90 469 00:15.3 
Tree22 9 153 753 00:24.0 
Tree23 10 171 844 00:27.5 
Tree24 10 172 860 00:28.3 
Tree25 9 157 780 00:26.1 
Sum 209 3379 16822 00:08:45 
Mean 8.36 135.16 672.88 00:00:21 
SD 1.96 37.19 183.42 00:00:06 

Simulation Results 

The table below summarizes the results of the simulation of the small requirements hierar-
chies. The values in brackets represent the difference in the rank to the standard simulation 
results. 

 NPV Integral Context Switches 
 Ø Dev SD Diff Rank Ø Dev SD Diff  Rank Ø Dev  SD Diff Rank 

DH1 -21% 21% 0% 9 -30% 22% 0% 9 +86% 4% -6% 9 
DH2 -7% 4% 0% 8 (+1) -6% 6% -2% 6 -97% 1% +1% 1 
DH3 -1% 2% -3% 5 -10% 6% 0% 8 (+1) -64% 5% 0% 2 (-1) 
DH4 +11% 9% +2% 2 (-1) +15% 5% +1% 1 (-3) -46% 6% +25% 4 (+2) 
DH5 +11% 7% -3% 3 (+1) +14% 6% -5% 3 (+2) +21% 14% +26% 5 
DH6 -1% 1% +1% 6 0% 4% +1% 5 -56% 16% -6% 3 (-1) 
DH7 -5% 5% +11% 7 (-1) -6% 1% +14% 7 (-1) +72% 7% -19% 8 
DH8 +3% 2% -3% 4 +9% 6% -5% 4 (+1) +41% 20% -10% 6 
DH9 +11% 8% -3% 1 +14% 13% -3% 2 +43% 10% -11% 7 

Ø Dev: Average Percentage Deviation from Mean; SD: Standard Deviation; Diff: Difference to Standard Simulation Results 

The results for the NPV are almost similar to the standard simulation. Except DH7, which 
improves around +11%. In contrast to the standard simulation, the other heuristics are in 
the range of ± 3%, which is rather negligible. The same holds true for the integral 
performance measure, where DH7 improves around +14%. Thus, DH7 improves one 
rank in the ranking, taking the seventh rank formerly hold by DH2. DH5 and DH8 both 
lose 5%, whereas the other heuristics are again in the range of ± 3% in comparison 
to the standard simulation.  
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With regard to the context switches, also little difference can be seen in the perfor-
mance of DH1-DH3 and DH6, which are equal or below 6% difference to the standard 
simulation. A more remarkable difference can be seen for DH4, which has increased 
around +25% and thus is performing worse, just as DH5 (+26% difference). Thus, 
DH4 loses two places in the ranking and moves to the fourth place, while DH5 is still 
on the fifth despite of the declination. DH7 (-19% difference), DH8 (-10% difference) 
and DH9 (-11% difference) have remarkably improved, but are still performing poor 
in relation to the mean value, keeping their places in the ranking. 

Descriptive Statistics 

 NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 16.67 7.13 112.97 35.41 259.88 75.68 429.25 121.04 605.67 167.72 
DH2 38.37 13.71 132.77 45.15 266.73 83.41 429.55 126.65 604.29 172.38 
DH3 37.21 11.86 148.54 44.48 298.54 85.77 467.50 131.33 643.50 178.12 
DH4 49.41 16.01 165.37 47.98 318.79 88.81 489.00 134.39 665.38 181.16 
DH5 47.43 16.91 166.63 49.77 321.87 91.79 492.50 137.70 668.89 184.57 
DH6 38.22 12.14 145.80 41.59 294.77 82.49 463.22 127.87 639.27 174.64 
DH7 33.26 10.05 139.02 39.12 287.41 79.61 456.43 125.11 632.80 171.90 
DH8 41.16 16.19 151.85 48.24 303.33 89.68 473.34 135.37 649.80 182.18 
DH9 48.47 15.95 167.22 49.65 321.53 91.67 492.30 137.61 668.60 184.44 

Mean 38.91  147.80  296.99  465.90  642.02  
SD 10.06  17.95  22.72  24.39  24.68  

 
 Integral 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 0.02 0.005 0.11 0.02 0.25 0.03 0.41 0.03 0.57 0.03 
DH2 0.04 0.01 0.14 0.03 0.29 0.04 0.48 0.05 0.66 0.05 
DH3 0.04 0.01 0.14 0.02 0.29 0.03 0.45 0.03 0.61 0.04 
DH4 0.06 0.01 0.19 0.02 0.35 0.03 0.54 0.04 0.71 0.03 
DH5 0.06 0.01 0.19 0.02 0.36 0.03 0.53 0.03 0.70 0.03 
DH6 0.05 0.01 0.16 0.02 0.30 0.03 0.47 0.03 0.63 0.03 
DH7 0.04 0.01 0.15 0.02 0.29 0.03 0.45 0.03 0.62 0.03 
DH8 0.05 0.01 0.17 0.02 0.34 0.03 0.50 0.04 0.67 0.04 
DH9 0.06 0.01 0.18 0.02 0.34 0.03 0.51 0.03 0.68 0.03 

Mean 0.05  0.16  0.31  0.48  0.65  
SD 0.01  0.03  0.04  0.04  0.04  
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 Context Switches 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 100.24 30.78 238.48 73.57 386.4 118.01 529.12 162.52 657.52 202.08 
DH2 2.24 0.60 3.92 0.91 5.64 1.38 7.28 1.81 8.36 1.96 
DH3 24.64 7.79 48.36 15.21 71.6 22.17 92.2 28.92 109.88 34.56 
DH4 36.08 9.80 66.04 15.46 101.16 20.68 139.44 26.74 194.28 39.72 
DH5 78.88 24.32 162.56 45.79 238.04 71.78 317.04 98.70 373.64 113.96 
DH6 39.16 13.53 63.84 20.99 81 27.34 94.16 30.76 101.84 32.78 
DH7 89.4 30.56 219.28 72.86 356.92 115.99 494.64 162.15 626 200.17 
DH8 60.8 20.19 175.04 52.20 302.04 91.34 436.8 133.45 560.8 171.54 
DH9 71.04 23.47 179.84 54.66 299.32 91.13 421.44 129.99 536.92 166.43 

Mean 55.83  128.60  204.68  281.35  352.14  
SD 32.40  83.91  141.02  199.38  252.70  

 

Simulation of large Requirements Hierarchies 

Besides the simulation of small requirements hierarchies, it is also interesting how the per-
formance of the decision heuristics changes if the requirements hierarchies are substantially 
larger. In this section, the adapted model parameters as well as the simulation results are 
described. 

Model Parameters 

As in the simulation with smaller requirements hierarchies, again the number of business 
processes per tree , as well as the number of activities per business process was 
adapted.  was increased by around 130% and by 20%. was again increased 
in a way that there are no or minimal overlaps in the tree sizes with the standard simulation. 
The number of system functions per business activity  as well as other parameters 
were again not changed. The table below summarizes the changed model parameters in 
contrast to the standard simulation. 

Requirements Numbers 
# of business processes (BPs) per tree  
# of business activities (BAs)  per business process  

Based on these parameters, a simulation was performed with N=25 requirements trees. 
The table below shows the simulation meta data. 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 85 2105 10638 13:28.9 
Tree2 70 1636 8234 09:15.8 
Tree3 72 1747 8685 09:39.5 
Tree4 72 1735 8765 10:05.9 
Tree5 71 1664 8291 09:22.3 
Tree6 90 2052 10375 12:45.1 
Tree7 52 1262 6361 06:02.9 
Tree8 69 1659 8242 08:33.8 
Tree9 70 1649 8217 08:57.1 
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Tree10 69 1610 8110 09:02.6 
Tree11 76 1843 9143 11:15.9 
Tree12 70 1692 8406 10:08.6 
Tree13 64 1526 7677 08:10.1 
Tree14 76 1705 8433 10:08.9 
Tree15 72 1711 8558 10:14.2 
Tree16 61 1466 7337 08:36.1 
Tree17 74 1767 8839 11:22.5 
Tree18 73 1759 8883 10:12.9 
Tree19 62 1517 7561 07:31.0 
Tree20 62 1540 7730 08:45.2 
Tree21 66 1576 7904 08:20.3 
Tree22 75 1800 9048 12:21.1 
Tree23 76 1811 9062 11:48.8 
Tree24 76 1762 8797 11:58.1 
Tree25 73 1737 8693 10:52.8 
Sum 1776 42331 211989 04:09:00 
Mean 71.04 1693.24 8479.56 00:09:58 
SD 7.64 172.66 877.08 00:01:45 

Simulation Results 

The results of the simulation of large requirements hierarchies are summarized in the table 
below. 

 NPV Integral Context Switches 
 Ø Dev SD Diff Rank Ø Dev SD Diff  Rank Ø Dev SD Diff Rank 

DH1 -20% 21% +1% 9 -29% 21% +1% 9 +97% 7% +5% 8 (-1) 
DH2 -7% 3% 0% 7 -3% 6% +1% 6 -98% 0% 0% 1 
DH3 +3% 1% +1% 5 -10% 5% 0% 7 -64% 4% 0% 3 
DH4 +7% 9% -2% 4 (+1) +11% 3% -3% 4 -82% 4% -11% 2 
DH5 +13% 12% -1% 2 +18% 6% -1% 2 (+1) -25% 12% -20% 5 
DH6 -1% 1% +1% 6 +1% 7% +2% 5 -46% 21% +4% 4 
DH7 -19% 18% -3% 8 -23% 15% -3% 8 +102% 6% +11% 9 (+1) 
DH8 +8% 6% +2% 3 (-1) +17% 13% +3% 3 +55% 20% +4% 6 
DH9 +16% 11% +2% 1 +19% 17% +2% 1 (-1) +61% 7% +7% 7 

Ø Dev: Average Percentage Deviation from Mean; SD: Standard Deviation; Diff: Difference to Standard Simulation Results 

Again as in the simulation of small requirements hierarchies, the results for the NPV and 
the integral measure are very similar to the standard simulation. The differences are in the 
range of ± 3% for all heuristics. In contrast to the small requirements trees, no improve-
ment can be recognized for DH7. In case of the context switch measure, the most remark-
able difference to the standard simulation can be recognized for DH5, as it improves by -
20%. However, it remains on the fifth rank. DH7 declines by +11% and moves from rank 
8 to the last place in this simulation. Thus, DH4 (which also improves by -11%) and DH5, 
which were performing worse in the simulation of small hierarchies, are now performing 
even better than in the standard simulation. 
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Descriptive Statistics 

 NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 190.78 43.12 1252.14 150.40 2789.66 273.29 4453.97 392.65 6073.36 497.95 
DH2 418.66 61.94 1451.77 171.27 2857.78 291.45 4443.58 402.75 6046.14 504.00 
DH3 439.81 59.36 1674.87 181.02 3244.51 311.58 4904.32 433.80 6521.63 540.64 
DH4 524.69 70.64 1693.30 185.86 3202.09 306.14 4839.75 420.11 6455.03 522.87 
DH5 569.55 75.37 1810.95 193.35 3373.75 314.73 5037.14 431.42 6656.54 535.68 
DH6 423.01 50.33 1561.66 157.90 3092.53 284.33 4746.93 406.97 6364.04 513.98 
DH7 212.93 25.73 1250.85 119.04 2771.88 239.34 4430.87 359.69 6049.49 466.00 
DH8 504.73 77.89 1750.62 197.15 3337.57 325.65 5010.70 446.76 6630.84 552.65 
DH9 576.72 77.90 1899.03 203.79 3517.92 336.29 5197.60 459.54 6815.01 566.29 

Mean 428.99  1593.91  3131.97  4784.99  6401.34  
SD 141.49  233.70  271.76  286.14  288.36  

 
 Integral 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 0.01 0.003 0.10 0.01 0.24 0.01 0.39 0.01 0.56 0.01 
DH2 0.04 0.004 0.14 0.01 0.29 0.01 0.47 0.02 0.66 0.02 
DH3 0.03 0.003 0.14 0.01 0.27 0.01 0.43 0.01 0.59 0.01 
DH4 0.05 0.004 0.16 0.01 0.32 0.01 0.51 0.02 0.70 0.02 
DH5 0.05 0.004 0.18 0.01 0.34 0.01 0.53 0.02 0.71 0.02 
DH6 0.05 0.004 0.15 0.01 0.29 0.01 0.44 0.01 0.61 0.01 
DH7 0.02 0.003 0.11 0.01 0.24 0.01 0.40 0.01 0.56 0.01 
DH8 0.06 0.01 0.18 0.01 0.34 0.02 0.50 0.02 0.67 0.02 
DH9 0.06 0.01 0.19 0.01 0.33 0.02 0.50 0.02 0.66 0.02 

Mean 0.04  0.15  0.30  0.46  0.64  
SD 0.02  0.03  0.04  0.05  0.06  

 
 Context Switches 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 1390.12 144.84 3374.88 355.55 5452.96 573.06 7560 788.73 9658.92 1012.28 
DH2 15 1.78 28.92 3.29 42.84 4.71 57.2 6.16 71.04 7.64 
DH3 318.84 35.75 630.2 66.72 940.24 96.86 1251.44 128.71 1562.2 159.92 
DH4 187.68 13.77 303.36 19.28 421.36 26.31 564.44 30.05 876.2 46.63 
DH5 721.44 63.28 1269.2 94.91 1851.4 131.93 2506.84 172.55 3492.32 253.30 
DH6 651.44 72.13 1081.28 117.27 1321.76 143.37 1473.04 153.41 1617.68 169.87 
DH7 1454.16 140.10 3477.08 368.11 5594.56 593.35 7705.92 813.46 9819.68 1034.56 
DH8 924.48 131.21 2567.96 279.15 4365.76 475.19 6346.32 690.59 8349.28 893.35 
DH9 1133.92 123.59 2705.24 286.06 4426.84 467.76 6267.6 663.49 8118.84 855.18 

Mean 755.23  1715.35  2713.08  3748.09  4840.68  
SD 516.73  1331.40  2227.15  3162.32  4069.45  

 

Simulation without Elicitation Effort Consideration 

In the previous simulations, elicitation effort was considered in terms of the needed (per-
sonnel) resources during a time period. However, in some cases it might be that the effort 
for elicitation is of lower importance and only the needed (calendar) time is of interest, 
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which is considered as time to value. In this section, the adapted model parameters as well 
as the results of a simulation without elicitation effort consideration is described. 

Model Parameters 

In the setting without elicitation effort consideration, only the elaboration time is regarded 
but no resources for elaboration of the requirements. This means that in the calculation of 
the NPV the net cash flow  is only consisting of the inflow part (i.e, the generated value 
per period) without the outflow part (elicitation effort). For the calculation of the integral, 

,  and are set to 1. The other parameters of the model were not adapted 
compared to the standard simulation. The table below summarizes the changed model 
parameters in contrast to the standard simulation.

Elicitation Effort 
# of resources per period  for elaboration of BP   
# of resources per period  for elaboration of BA   
# of resources per period  for elaboration of SF  

Based on these parameters, a simulation was performed with N=25 requirements trees. 
The table below shows the simulation meta data. 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 38 708 3573 02:19.4 
Tree2 33 661 3258 02:25.3 
Tree3 38 759 3816 02:51.9 
Tree4 24 476 2345 01:24.2 
Tree5 33 637 3153 02:11.3 
Tree6 35 687 3418 02:21.5 
Tree7 32 658 3350 02:09.1 
Tree8 28 548 2736 01:42.3 
Tree9 27 512 2581 01:35.6 
Tree10 28 536 2702 01:42.7 
Tree11 25 475 2398 01:28.9 
Tree12 19 349 1732 00:57.6 
Tree13 32 635 3215 02:16.7 
Tree14 38 716 3650 02:41.3 
Tree15 27 520 2611 01:47.4 
Tree16 20 395 1999 01:13.4 
Tree17 33 654 3279 02:21.8 
Tree18 27 570 2805 02:02.9 
Tree19 35 707 3542 02:37.7 
Tree20 41 841 4189 03:14.5 
Tree21 34 689 3394 02:32.1 
Tree22 23 446 2232 01:27.0 
Tree23 35 682 3374 02:30.4 
Tree24 37 717 3621 02:44.6 
Tree25 37 745 3805 02:58.6 
Sum 779 15323 76778 00:53:38 
Mean 31.16 612.92 3071.12 00:02:09 
SD 6.02 123.64 624.24 00:00:35 
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Simulation Results 

The table below shows the results for the simulation without elicitation effort considera-
tion.  

 NPV Integral Context Switches 
 Ø Dev SD Diff Rank Ø Dev SD Diff Rank Ø Dev SD Diff Rank 

DH1 -19% 20% +2% 9 -19% 20% +11% 9 +82% 10% -10% 7 (-2) 
DH2 -6% 4% +1% 6 (-1) -6% 4% -2% 6 -98% 0% 0% 1 
DH3 +4% 2% +2% 4 (-1) +4% 2% +14% 4 (-3) -66% 3% -2% 3 
DH4 +11% 12% +2% 3 +10% 12% -4% 3 (-1) -73% 4% -2% 2 
DH5 +16% 14% +2% 2 +16% 14% -3% 2 (+1) -10% 8% -5% 5 
DH6 0% 1% +2% 5 (-1) 0% 1% +1% 5 -52% 17% -2% 4 
DH7 -15% 15% +1% 8 -14% 15% +6% 8 +82% 10% -9% 8 
DH8 -8% 11% -14% 7 (+3) -8% 11% -22% 7 (+4) +89% 2% +38% 9 (+3) 
DH9 +17% 13% +3% 1 +16% 13% -1% 1 (-1) 47% 11% -7% 6 (-1) 

Ø Dev: Average Percentage Deviation from Mean; SD: Standard Deviation; Diff: Difference to Standard Simulation Results 

For the NPV, no major differences can be seen in contrast to the standard simulation, ex-
cept for DH8, which loses -14% of performance and thus moves from the fourth rank to 
the seventh rank. DH8 performs even worse according to the integral measure, where it 
declines by -22% and moves from the third to the seventh rank. Larger improvements can 
be noticed according to the integral measure for DH1 which improves by +11% and DH3, 
which improves by +14% in contrast to the standard simulation. However, DH1 is still 
ranked on the last place, while DH3 moves from the seventh rank to the fourth. With 
respect to the context switch measure, the most remarkable difference can also be recog-
nized for DH8 with a difference of +38%. Thus, it performs worse than in the standard 
simulation and is ranked on the last place instead of the sixth. 

Descriptive Statistics 

 NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 71.94 26.38 487.50 115.25 1120.08 233.50 1835.70 362.13 2565.09 490.52 
DH2 157.33 39.28 561.72 132.48 1137.10 253.92 1817.49 379.18 2540.15 504.00 
DH3 166.86 38.74 650.58 136.59 1294.11 260.93 2008.29 392.15 2736.90 521.91 
DH4 204.21 46.90 681.51 149.81 1314.26 271.67 2026.62 398.77 2755.57 526.86 
DH5 218.59 51.25 722.17 157.92 1376.92 281.48 2097.89 411.33 2827.61 540.59 
DH6 159.30 37.09 611.74 127.40 1244.07 247.12 1956.62 377.44 2685.05 507.42 
DH7 91.91 23.91 514.30 102.10 1142.61 220.71 1856.52 351.08 2585.59 480.88 
DH8 114.22 34.52 568.57 128.61 1212.98 249.53 1931.17 379.34 2660.79 508.23 
DH9 216.19 50.35 732.45 155.31 1396.28 281.64 2117.79 413.40 2845.84 542.87 

Mean 155.62  614.50  1248.71  1960.90  2689.18  
SD 53.52  88.30  103.76  110.67  111.55  
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 Integral 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 0.02 0.01 0.12 0.02 0.29 0.02 0.47 0.03 0.67 0.03 
DH2 0.04 0.01 0.14 0.02 0.29 0.03 0.47 0.04 0.67 0.04 
DH3 0.04 0.01 0.16 0.01 0.33 0.02 0.52 0.02 0.72 0.02 
DH4 0.05 0.01 0.17 0.02 0.33 0.03 0.52 0.03 0.72 0.03 
DH5 0.05 0.01 0.18 0.02 0.35 0.03 0.54 0.03 0.74 0.03 
DH6 0.04 0.01 0.15 0.01 0.32 0.02 0.50 0.02 0.70 0.02 
DH7 0.02 0.01 0.13 0.01 0.29 0.02 0.48 0.02 0.68 0.02 
DH8 0.03 0.01 0.14 0.02 0.31 0.02 0.50 0.03 0.70 0.03 
DH9 0.05 0.01 0.18 0.02 0.35 0.02 0.54 0.02 0.74 0.02 

Mean 0.04  0.15  0.32  0.51  0.70  
SD 0.01  0.02  0.03  0.03  0.03  

 
 Context Switches 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 501.32 108.80 1214.72 260.10 1952.08 416.22 2698.68 571.08 3427.28 726.60 
DH2 6.6 1.32 12.92 2.58 19.16 3.77 25.56 4.87 31.16 6.02 
DH3 117.64 24.64 234.04 48.02 348.28 72.07 461.76 96.97 569.68 120.62 
DH4 100.64 12.48 173.28 23.01 243.56 31.98 331.2 41.65 505.56 61.68 
DH5 314.76 52.97 592.04 99.97 877.52 144.15 1213.12 191.51 1575.96 267.38 
DH6 223.96 52.81 363.6 84.27 449.6 101.79 506.56 112.55 560.2 123.79 
DH7 502.4 111.94 1212.4 271.51 1956.8 423.02 2697.4 582.59 3431.08 741.28 
DH8 560.96 119.84 1264.92 268.09 1988.88 424.46 2718.56 576.77 3430.44 727.61 
DH9 394.4 87.94 951.24 211.80 1569.4 337.91 2218.4 480.64 2854.52 611.40 

Mean 302.52  668.8  1045.03  1430.14  1820.65  
SD 201.10  499.05  820.27  1146.46  1456.89  

 
 
Simulation of partly elaborated Requirements Hierarchies 

A further simulation that was performed was a simulation with partly elaborated require-
ments hierarchies. In practice, it might be the case that the flows of business processes 
have already been elaborated in earlier projects and that only concrete system functions 
shall be derived based on these models. Thus, the input for requirements elicitation is a 
partly elaborated requirements hierarchy. In this section, the adapted model parameters as 
well as the results of a simulation of partly elaborated requirements hierarchies are de-
scribed. 

Model Parameters 

The model parameters are similar to the model parameters of the controlled experiment, 
i.e. the requirements hierarchies are created based on the same assumptions. However, 
the difference in the actual simulation is that the input for the decision heuristics is not the 
backlog of prioritized business processes, but a set of prioritized business activities. Thus, 
the decision heuristics are applied to a two level requirements hierarchy in this case, as the 
business processes have already been elaborated (however, the business process have been 
prioritized and thus the priorities of the related business activities are influenced by them). 
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Based on this input, a simulation was performed with N=25 requirements trees. The table 
below shows the simulation meta data. 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 23 479 2411 01:22:00 
Tree2 31 615 3111 01:52:00 
Tree3 19 381 1929 01:00:00 
Tree4 32 683 3428 02:11:00 
Tree5 25 478 2405 01:23:00 
Tree6 26 509 2575 01:27:00 
Tree7 28 548 2742 01:37:00 
Tree8 26 513 2603 01:34:00 
Tree9 23 452 2284 01:19:00 
Tree10 30 599 3012 01:51:00 
Tree11 38 752 3742 02:29:00 
Tree12 21 415 2096 01:15:00 
Tree13 19 368 1847 01:03:00 
Tree14 32 679 3368 02:15:00 
Tree15 41 820 4109 02:55:00 
Tree16 33 642 3190 02:08:00 
Tree17 23 460 2326 01:23:00 
Tree18 26 542 2707 01:40:00 
Tree19 28 588 2891 01:48:00 
Tree20 30 592 2908 01:50:00 
Tree21 24 465 2325 01:22:00 
Tree22 30 596 2946 01:54:00 
Tree23 26 563 2789 02:06:00 
Tree24 29 520 2638 01:36:00 
Tree25 32 692 3427 02:10:00 
Sum 695 13951 69809 19:30:00 
Mean 27.8 558.04 2792.36 01:44:24 
SD 5.36 112.96 553.73 00:27:32 

Simulation Results 

The table below depicts the results for the simulation of partly elaborated requirements 
hierarchies.  

 NPV Integral Context Switches 
 Ø Dev SD Diff Rank Ø Dev SD Diff Rank Ø Dev SD Diff Rank 

DH1 -18% 16% +3% 9 -17% 16% +13% 9 +88% 3% -4% 8 (-1) 
DH2 +3% 3% +10% 4 (-3) +3% 3% +7% 4 (-2) -69% 1% +29% 1 
DH3 +3% 3% +1% 4 (-1) +3% 3% +13% 4 (-3) -69% 1% -5% 1 (-2) 
DH4 +6% 5% -3% 2 (-1) +6% 5% -8% 2 (-2) -52% 3% +19% 4 (+2) 
DH5 +6% 5% -8% 2 +6% 5% -13% 2 (+1) -52% 3% -47% 4 (-1) 
DH6 +2% 2% +4% 6 +2% 2% +3% 6 (+1) -57% 13% -7% 3 (-1) 
DH7 0% 1% +16% 7 (-1) 0% 1% +20% 7 (-1) +66% 13% -25% 7 (-1) 
DH8 -9% 9% -15% 8 (+4) -9% 9% -23% 8 (+5) +93% 3% +42% 9 (+3) 
DH9 +8% 6% -6% 1 +8% 6% -9% 1 (-1) +52% 8% -2% 6 (-1) 

Ø Dev: Average Percentage Deviation from Mean; SD: Standard Deviation; Diff: Difference to Standard Simulation Results 
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First of all it can be noticed that the pair DH2 and DH3, and also the pair DH4 and DH5 
have reached the exact same results for all performance measures. This is an expected 
result, as by the omission of the business process level, the decisions of DH2 and DH3 and 
the decisions of DH4 and DH5 are identical by definition. The remarkable results according 
to the NPV measure are DH2, which improves by +10% in comparison to the standard 
simulation, DH7, which improves by +16% and DH8, which declines by -15%. Thus, DH2 
improves by four ranks and DH8 declines by four ranks. Despite the largest improvement 
of all heuristics, DH7 only moves one rank up to the seventh place. According to the inte-
gral measure, almost all heuristics are noticeably different to the standard simulation, ex-
cept DH6, which only improves by +3%. DH8 achieves the worst result in comparison to 
the standard simulation (-23% difference, +5 ranks). Concerning the context switch meas-
ure, DH2 (+29%), DH4 (+19%), DH7 (-25%) and DH8 (+42%) are noticeably different to 
the standard simulation. 

Descriptive Statistics 

 NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 103.49 30.49 501.12 105.64 1066.00 204.66 1697.78 313.29 2341.90 423.66 
DH2 203.30 41.96 647.61 126.29 1218.79 230.11 1848.82 340.93 2492.21 452.23 
DH3 203.30 41.96 647.61 126.29 1218.79 230.11 1848.82 340.93 2492.21 452.23 
DH4 213.22 43.47 667.56 128.77 1245.00 232.88 1877.80 343.94 2521.76 455.39 
DH5 213.22 43.47 667.56 128.77 1245.00 232.88 1877.80 343.94 2521.76 455.39 
DH6 196.35 42.00 637.80 126.18 1209.42 229.56 1839.67 340.22 2482.92 451.34 
DH7 189.15 40.55 622.11 123.29 1190.02 226.07 1820.54 336.34 2464.38 447.59 
DH8 141.36 35.75 564.24 116.19 1137.28 218.22 1771.21 328.26 2415.52 439.20 
DH9 221.03 45.83 688.33 134.14 1275.72 240.76 1911.64 353.02 2554.28 464.82 

Mean 187.16  627.10  1200.67  1832.67  2476.33  
SD 39.07  58.98  63.80  64.23  63.90  

 
 Integral 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 0.03 0.01 0.14 0.02 0.31 0.02 0.50 0.03 0.70 0.03 
DH2 0.06 0.01 0.18 0.01 0.35 0.02 0.54 0.02 0.74 0.02 
DH3 0.06 0.01 0.18 0.01 0.35 0.02 0.54 0.02 0.74 0.02 
DH4 0.06 0.01 0.19 0.01 0.36 0.02 0.55 0.02 0.75 0.02 
DH5 0.06 0.01 0.19 0.01 0.36 0.02 0.55 0.02 0.75 0.02 
DH6 0.06 0.01 0.18 0.02 0.35 0.02 0.54 0.02 0.74 0.02 
DH7 0.05 0.01 0.18 0.02 0.34 0.02 0.53 0.02 0.73 0.02 
DH8 0.04 0.01 0.16 0.02 0.33 0.02 0.52 0.03 0.72 0.03 
DH9 0.06 0.01 0.20 0.01 0.37 0.02 0.56 0.02 0.76 0.02 

Mean 0.05  0.18  0.35  0.54  0.74  
SD 0.01  0.02  0.02  0.02  0.02  
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 Context Switches 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 534.68 111.85 1160.2 239.16 1801 371.85 2450.16 505.75 3086.64 650.96 
DH2 95.72 22.03 196.8 43.56 296.56 65.54 396.2 87.04 489.68 109.92 
DH3 95.72 22.03 196.8 43.56 296.56 65.54 396.2 87.04 489.68 109.92 
DH4 156.6 28.79 295.76 56.49 433.4 80.97 579.36 106.84 764.56 139.47 
DH5 156.6 28.79 295.76 56.49 433.4 80.97 579.36 106.84 764.56 139.47 
DH6 183.56 41.76 303.72 71.68 384.84 88.15 444.36 101.43 489.68 109.92 
DH7 428.72 89.72 997.08 205.15 1611.4 333.04 2247.04 465.94 2886.6 613.50 
DH8 579.08 123.22 1196.24 248.51 1829.24 378.96 2464.48 510.45 3085.04 652.28 
DH9 414 86.18 917.6 188.54 1466.2 297.94 2035.84 418.24 2591.24 545.25 

Mean 293.85  617.77  950.29  1288.11  1627.52  
SD 193.76  436.33  698.95  969.56  1231.91  

 

Simulation with discrete Value Generation 

One assumption of the simulation model is that after the elicitation of a system function 
has finished, it continuously produces value in each period. However, it is interesting to 
investigate if there is any difference in the results if this value generation is assumed to 
happen only once in time, i.e. when the elicitation is finished. In this section, the adapted 
model parameters as well as the results of a simulation with discrete value generation are 
described. 

Model Parameters 

The model parameters are similar to the standard simulation. However, the difference is 
that the value generation of a system function only happens once when the elicitation is 
finished. This means that in subsequent periods, the system function generates no value 
anymore. Based on this, a simulation was performed with N=25 requirements trees. The 
table below shows the simulation meta data. 

Simulation Meta Data  
(Requirements Numbers & Simulation Time) 
Tree No. # BPs # BAs # SFs Simulation  Time 
Tree1 24 436 2171 01:15.2 
Tree2 23 433 2157 01:14.9 
Tree3 20 396 1991 01:08.8 
Tree4 41 810 4094 03:00.9 
Tree5 13 252 1285 00:40.6 
Tree6 33 691 3430 02:38.1 
Tree7 27 550 2730 01:50.0 
Tree8 34 656 3253 02:16.1 
Tree9 27 546 2784 01:56.2 
Tree10 32 585 2974 02:01.4 
Tree11 30 583 2911 02:01.3 
Tree12 33 632 3153 02:05.0 
Tree13 31 666 3347 02:27.1 
Tree14 28 569 2820 01:49.9 
Tree15 46 911 4560 03:34.0 
Tree16 34 678 3402 02:30.1 
Tree17 27 533 2691 01:52.9 
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Tree18 31 668 3312 02:36.6 
Tree19 29 568 2844 02:00.1 
Tree20 38 758 3811 02:53.5 
Tree21 30 586 2915 01:58.7 
Tree22 32 635 3204 02:17.2 
Tree23 19 340 1672 00:57.2 
Tree24 28 560 2857 01:54.2 
Tree25 37 716 3637 02:44.9 
Sum 747 14758 74005 00:51:45 
Mean 29.88 590.32 2960.2 00:02:04 
SD 7.01 145.05 729.62 00:00:40 

Simulation Results 

The table below depicts the results for the simulation of discrete value generation.  

 NPV Integral Context Switches 
 Ø Dev SD Diff Rank Ø Dev SD Diff Rank Ø Dev SD Diff Rank 

DH1 -48% 61% -27% 9 (-10%) 14% (+20%) (9) +92% 6% 0% 9 
DH2 +5% 18% +12% 5 (-2) (-10%) 6% (-6%) (8 (+2)) -98% 0% 0% 1 
DH3 -9% 5% -11% 6 (+1) (-2%) 2% (+8%) (6 (-1)) -64% 4% 0% 3 
DH4 +33% 35% +24% 2 (-1) (0%) 4% (-14%) (5 (+1)) -71% 6% 0% 2 
DH5 +42% 41% +28% 1 (-1) (+4%) 7% (-15%) (3 (+2)) -5% 12% 0% 5 
DH6 -15% 13% -13% 7 (+1) (+4%) 1% (+5%) (4 (-1)) -49% 20% +1% 4 
DH7 -39% 48% -23% 8 (-7%) 10% (+13%) (7 (-1)) +91% 7% 0% 8 
DH8 +12% 12% +6% 4 (+5%) 3% (-9%) (2 (-1)) +52% 19% +1% 6 
DH9 +19% 19% +5% 3 (+2) (+15%) 11% (-2%) (1 (-1)) +53% 9% -1% 7 
Ø Dev: Average Percentage Deviation from Mean; SD: Standard Deviation; Diff: Difference to Standard Simulation Results 

With regard to the NPV, it can be noticed that in contrast to the standard simulation the 
values are pretty large. DH4 (+33%) and DH5 (+42%) have reached extremely high values, 
whereas DH1 (-48%) and DH7 (-39%) have performed extremely poor. These four heuris-
tics have also gained respectively lost the most in comparison to the standard simulation. 
With regard to the integral, there are rather small differences between the heuristics. How-
ever, the integral is does not seem to be a suitable performance measure for this simulation. 
Because of the highly scattered data points the accuracy of the measure is questionable. 
Thus, the results are not deemed to be representative and are not further discussed. With 
regard to the number of context switches, the results are similar to the standard simulation 
(as they are not influenced by the new simulation setting). 
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Descriptive Statistics 

 
 NPV 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 -0.06 0.05 0.18 0.04 0.21 0.02 0.14 0.01 0.01 0.004 
DH2 0.16 0.04 0.22 0.05 0.22 0.04 0.15 0.02 0.02 0.01 
DH3 0.10 0.04 0.22 0.04 0.22 0.02 0.14 0.01 0.02 0.005 
DH4 0.22 0.04 0.28 0.04 0.26 0.03 0.17 0.01 0.02 0.01 
DH5 0.24 0.04 0.31 0.04 0.27 0.02 0.17 0.01 0.03 0.01 
DH6 0.07 0.04 0.20 0.04 0.22 0.02 0.14 0.01 0.02 0.005 
DH7 -0.02 0.05 0.19 0.04 0.21 0.02 0.14 0.01 0.01 0.004 
DH8 0.15 0.05 0.25 0.05 0.25 0.03 0.15 0.01 0.02 0.01 
DH9 0.17 0.05 0.27 0.04 0.25 0.02 0.16 0.01 0.02 0.01 

Mean 0.11  0.23  0.23  0.15  0.02  
SD 0.10  0.05  0.02  0.01  0.01  

 
 Integral 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 0.00006 0.00002 0.00015 0.00006 0.00020 0.00007 0.00022 0.00007 0.00022 0.00007 
DH2 0.00008 0.00003 0.00014 0.00005 0.00018 0.00006 0.00021 0.00007 0.00022 0.00007 
DH3 0.00010 0.00003 0.00016 0.00006 0.00020 0.00007 0.00022 0.00007 0.00022 0.00007 
DH4 0.00010 0.00004 0.00016 0.00006 0.00020 0.00007 0.00022 0.00008 0.00023 0.00008 
DH5 0.00011 0.00004 0.00017 0.00006 0.00021 0.00007 0.00023 0.00008 0.00023 0.00008 
DH6 0.00010 0.00004 0.00017 0.00006 0.00021 0.00007 0.00023 0.00008 0.00024 0.00008 
DH7 0.00007 0.00003 0.00016 0.00006 0.00020 0.00007 0.00022 0.00007 0.00023 0.00008 
DH8 0.00010 0.00004 0.00017 0.00006 0.00021 0.00007 0.00023 0.00008 0.00023 0.00008 
DH9 0.00013 0.00004 0.00019 0.00007 0.00023 0.00008 0.00024 0.00008 0.00025 0.00008 

Mean 0.00009  0.00016  0.00021  0.00023  0.00023  
 0.00  0.00  0.00  0.00  0.00  

 
 Context Switches 
 CP1 CP2 CP3 CP4 CP5 
 Mean SD Mean SD Mean SD Mean SD Mean SD 

DH1 481 122.20 1168.36 295.39 1879.32 475.99 2599.76 659.83 3308.24 844.95 
DH2 6.6 1.71 12.4 3.07 18.36 4.47 24.28 5.60 29.88 7.01 
DH3 112.12 29.07 222.64 57.52 334.04 84.86 443.68 112.32 548.68 140.95 
DH4 101.08 17.71 169.64 29.48 235.96 39.61 317.96 49.94 492.4 74.18 
DH5 307.24 62.30 569.8 117.53 840.64 166.36 1154.64 226.51 1512.48 317.75 
DH6 216.2 60.23 349.44 95.21 430.88 119.96 489.96 131.38 540.04 144.93 
DH7 478.52 128.70 1167.2 308.39 1871.24 489.99 2588.48 675.26 3302.6 861.44 
DH8 322.08 87.88 877.4 233.11 1519.72 383.06 2192.88 557.62 2875.44 737.79 
DH9 371.48 101.93 905 232.39 1491.32 377.37 2114.56 541.12 2753.2 707.27 

Mean 266.26  604.65  957.94  1325.13  1707  
SD 168.82  440.33  738.92  1049.23  1350.88  
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Prioritization Result and corresponding Elicitation Order 
Requirement Priority Rank Prioritization Time 

(of sub Requirements) 
Project 100% 0 0:02:31 
1. Travel Application Process 52.25% 1 0:21:20 
1.1. Create Travel Application 14.79% 2 0:08:59 
1.1.2. Prefill Form with Master Data 3.52% 3  
1.1.3. Search Project Number by Name 3.50% 4  
2. Request for Leave Process 47.75% 5 0:05:55 
2.6. Enter Absence Data 10.89% 6 0:08:00 
2.6.2. Create timed automatic E-Mail Response 4.29% 7  
2.6.1. Enter Vacation Data into global Absence List 3.36% 8  
2.6.3. Update Time Tracking Data 3.23% 9  
1.5. Approve Travel Application 10.29% 10 0:03:56 
1.5.2. Check Remaining Project Budget 2.65% 11  
1.1.1. Show Travel Input Form 2.34% 12  
1.1.5. Save Travel Form Draft 2.25% 13  
1.5.1. Show Travel Application Summary 2.14% 14  
2.1. Create Request for Leave 9.41% 15 0:08:00 
1.5.3. Approve Travel Application 1.79% 16  
2.1.3. Show Remaining Leave 1.78% 17  
1.1.6. Submit Travel Form 1.72% 18  
1.5.5. Send Approval Notification 1.71% 19  
2.1.1. Show Request for Leave Form 1.67% 20  
2.1.2. Prefill Request for Leave Form with Master Data 1.67% 21  
2.3. Confirm Substitution Request 8.62% 22 0:06:29 
2.3.1. Show Confirmation Form 2.59% 23  
2.3.5. Confirm Substitution 2.33% 24  
2.3.2. Show Conflicts with Leave 1.65% 25  
1.1.4. Plausibility Check 1.47% 26  
2.4. Check Resource Statistics 8.62% 27 0:04:19 
2.4.1. Show Resource Leave Overview 3.47% 28  
2.4.2. Show Resource Substitution Overview 3.47% 29  
2.4.3. Perform 2-week analysis 1.67% 30  
1.6. Book Travel 8.53% 31 0:06:29 
1.6.1. Show Travel Form & Attachments 2.17% 32  
1.6.2. Attach Booking Documents 2.17% 33  
1.6.3. Send Booking Notification 1.86% 34  
2.1.4. Show Leave History 1.35% 35  
2.1.6. Submit Application for Leave 1.23% 36  
1.6.4. Enter Travel Data into global Absence List 1.17% 37  
1.6.5. Archive Travel Form 1.17% 38  
2.5. Approve Request for Leave 5.97% 39 0:04:30 
2.5.1. Show Approval Form 2.30% 40  
2.5.4. Attach Comment 1.27% 41  
2.1.7. Show Calendar 1.05% 42  
1.5.4. Deny Travel Application 1.04% 43  
2.5.2. Approve Request 1.01% 44  
1.3. Book Company Car 5.85% 45 0:05:25 
1.3.2. Check Car Availability at Travel Date 1.82% 46  
1.3.1. Show Car Booking Form 1.52% 47  
1.3.3. Book Car 1.41% 48  
1.3.4. Send Car Booking Notification 1.10% 49  
1.4. Book Work Equipment 5.85% 50 0:06:11 
1.4.1. Show Work Equipment Dialog 1.79% 51  
1.4.2. Check Beamer Availability at Travel Date 1.46% 52  
1.4.3. Check Moderation Set Availability at Travel Date 1.25% 53  
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Requirement Priority Rank  
1.5.6. Send Denial Notification 0.97% 54  
2.5.5. Archive Request for Leave Form 0.80% 55  
1.2. Submit Passport Data 4.91% 56 0:07:18 
1.2.2. Upload Passport Scan 1.71% 57  
1.2.3. Submit Passport Form 1.71% 58  
1.2.1. Show Passport Input Form 1.49% 59  
2.3.6. Deny Substitution 0.77% 60  
2.2. Perform Bridging Day Analysis 4.25% 61 0:04:45 
2.2.2. Calculate Saved Leave Days 1.60% 62  
2.2.1. Show Bridging Days 1.36% 63  
2.2.3. Copy Bridging Days in Travel Form 1.30% 64  
1.4.5. Send Work Equipment Booking Notification 0.71% 65  
2.3.3. Show Conflicts with already accepted Substitutions 0.66% 66  
2.1.5. Show Leave Expiry 0.65% 67  
1.7. Cancel Travel Application 2.02% 68 0:03:46 
1.7.1. Cancel Car Reservation 0.76% 69  
1.4.4. Book Work Equipment 0.65% 70  
2.3.4. Show Substitution History 0.62% 71  
2.5.3. Deny Request 0.58% 72  
1.7.4. Send Cancellation Notification 0.54% 73  
1.7.2. Cancel Work Equipment Reservation 0.39% 74  
1.7.3. Archive Cancelled Travel Form 0.34% 75  

 Total Time: 1h:47min:53s 
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