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Abstract

In this report, we present a collection of prioritization criteria that are based on
a comprehensive systematic literature survey. The collection consists of around
280 prioritization criteria, structured in six major categories and 31 subcatego-
ries. Furthermore, we present the list of publications in which these prioritiza-
tion criteria appear. Details about the research approach, the categorization
and the prioritization criteria can be found in [Rie14].
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Introduction

Introduction

Requirements prioritization is an important aspect of any software development
process. Requirements prioritization approaches are typically applied in order to
determine which requirements or features should be included in a certain re-
lease or which should be implemented first [Wie99]. Beyond that, recent ap-
proaches even utilize prioritization in order to identify the requirements that
shall be refined next during a requirements elicitation process [Rie13] [RD14].

In all prioritization approaches, one or more criteria are taken into considera-
tion in order to determine the value of the requirements. Criteria may be, for

nmoou

example, “business value”, “implementation cost” or “risk”.

In this report, we present a collection of prioritization criteria that are based on
a comprehensive systematic literature survey. The collection consists of around
280 prioritization criteria, structured in six major categories and 31 subcatego-
ries. Furthermore, we present the list of publications in which these prioritiza-
tion criteria can be found. Details about the research approach, the categoriza-
tion and the prioritization criteria can be found in [Rie14].
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Prioritization Criteria Collection

2 Prioritization Criteria Collection

In this chapter, the prioritization criteria collection is presented. The chapter is
structured according to the six major categories: (1) benefits, (2) costs, (3) risks,
(4) penalties & penalty avoidance, (5) business context and (6) technical context
& requirements characteristics. The literature sources of the prioritization crite-
ria can be found in Table 1 in the Appendix.

2.1 Benefits

In this category, criteria are included, which express or are related to benefits
that are realized if the respective requirement’ is implemented. An overview is
shown in Figure 1.

1 Although some literature uses the term feature instead of requirement, we do not distinguish between
both terms in this report.
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Benefits
% Business value / business importance / gain for organization

Operational (Business) Performance Benefits
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Organizational effectiveness
» Support of work
e Fit with business processes
e Contribution to user task
e Feature / requirement support for main
(usage) scenario
Organizational efficiency / productivity
improvement
» Cost saving / reduction
» Economies of production
» Cost reduction of IT operation
» Process / workflow efficiency
» 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 planning
Communication
Flow of products / services
Control and follow-up (improved reporting)
Change management
Integration and coordination
Flexibility
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Customer Benefits

% Customer value / satisfaction / preference
» Efficiency gains for customer
» Competitive gains for customer
» Intermediary satisfaction

System-related 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

VVYVVVVVVVYYYVY

(Particular) Stakeholder Benefits

< Personal preference & stakeholder priority /
preference / value / satisfaction / desire
» End user value / satisfaction

» Value creation for developer

» Relevance to stakeholders' goals

K3

< Fit with skills / training

Financial Benefits

< Financial benefit / revenue
» Return on investment (ROI)
» Net present value (NPV)
> Internal rate of return (IRR)
» Payback period

Figure 1. Overview about the Criteria in the Benefits Category
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Market-related Benefits
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(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 advantage

» Status of competitors with respect to the requirement
» Innovativeness

Market technology trends

Brand protection

(Feature) Influence on buying decision

Resalable solution

(Long term) Product strategy

Fit with / effects on other products

(Business) Strategy-related Benefits
< Strategic alignment / suitability to business strategy

» Importance / contribution to business goals
» Criticality to mission success

< Long term strategic value / strategic benefit
< Tactical usefulness

Project-related Benefits

«

% Project value

» Relevance to project success

» Importance wrt. / contribution to overall release goal
» Release theme

» Feature contribution to project vision

% Synergy effects by combining tasks



Prioritization Criteria Collection

2.2 Costs

In this category, criteria are included, which express or are related to costs that
are incurred if the respective requirement is implemented. An overview is

shown in Figure 2.

Costs

Generic Cost Types
% Life-cycle costs
+« Total ownership cost
% Money / finances / budget
% Time
% Labor
% Overhead
% Infrastructure
» Hardware unit costs
% Travel
% Material

Post-development Time related Costs
¢ Post-development cost

» Maintenance cost

» Support costs

» Operational costs

> Shipping

Figure 2. Overview about the Criteria in the Costs Category

Development Time related Costs
% Implementation cost / effort

>

YV V VYV

>
>

Development cost / effort
e Task size
Documentation cost
Functional implementation effort
Technical implementation effort
Quality cost
e Testing cost
= Integration testing cost
= User acceptance testing cost
e Cost for fixing defects detected during testing
Quality (attribute) implementation effort
Risk mitigation effort / cost

«» Product costs
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2.3 Risks

Prioritization Criteria Collection

In this category, criteria are included, which express or are related to risks that
the implementation of a requirement bears. An overview is shown in Figure 3.

Risks

Business-related Risks
¢ Business risks

> Productivity loss

» Loss of reputation

» Loss of customers

> Negative value of undesired event inherent
in a feature
e Security related risks / misuse case risk
e Safety risks
Ease of realization (economic feasibility)
Ease of realization (social feasibility)
Ease of realization (political feasibility)
Market uncertainty
Sales barriers
Commercial concerns

YVVVVYVYY

Project-related Risks
% Overrun / schedule risk / loss
% Over budget risk
» Fixing cost (losses)
% (Implementation) Process risk
< Environmental factor (development context)
% Project duration
% Project dependencies

project

Requirements Status related Risks

+ Vague story

% Requirements volatility / stability

Changes from business perspective
Changes from technical perspective
Market changes

Legislative changes

Users change

Requirements become more clear during
software life cycle

YVVVVYVYY

Figure 3. Overview about the Criteria in the Risks Category
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% Impediment of attaining the requirement in tt

Technical & Implementation-related Risks
% Technical risks

>
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Architecture conflict

e Severe redesign of architecture

e Impact on essential non-functional
requirements

Database risks

Product quality loss

e Performance risks

e Risk of maintenance

e 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
e Development risk
e Difficulty of programming language
used
Large Size
Tedium
e Uncertainty
e Novelty
e Number of people involved
e Organizational constraints
Implementation feasibility
e Ease of realization (technical feasibility)
External risks

Stakeholder-related Risks

o
o
o
o
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Personnel risks

Estimation risks (in size & team productivity)
Risks of acceptance

(Decision) uncertainty

Part time team member use



Prioritization Criteria Collection

2.4  Penalties & Penalty Avoidance

In this category, criteria are included, which express or are related to penalties
that occur if the respective requirement is not implemented (e.g., “negative
value”), as well as criteria, which express or are related to penalty avoidance
(e.g., "harm avoidance”), if the respective requirement is implemented. An
overview is shown in Figure 4.

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 % Cost of not implementing

% Penalty in operation / performance impact Financial penalty / profit aspect (penalty)
Legal mandate / regulations

Promised / contractual commitment

33

4

X3

o

g

Product- & Market-related Penalties
« Detraction from product’s value / damage to product
< Market share aspect (penalty)

.
*

Stakeholder Penalties

Customer Penalties « (Stakeholder) Dissatisfaction

% Negative value / damage / penalty for / loss to customer
% Customer dissatisfaction

Figure 4. Overview about the Criteria in the Penalties & Penalty Avoidance Category
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2.5 Business Context

In this category, criteria are included, which are related to the business context
of a requirement. An overview is shown in Figure 5. These criteria do not ex-
press any concrete benefit or loss that is realized when implementing a re-
quirement, but rather describe context factors that have a positive or negative
influence on the requirement’s value. For example, if two requirements are
equally beneficial, a context factor may help to distinguish them and which one
to prefer. An example of such a criterion is “urgency”. Two requirements might
be of the same benefit, but one is more urgent than the other. Thus, the more
urgent one is preferred.

Business Context

External Context Utilization / Usage
% After sale support % Frequency of use
% External dependencies % Actor priority / weight

» Customer demand

> Formal governmental demand Stakeholders

. % Originator of requirement
Time & Schedule % Stakeholder agreement

w» Urgency % Likelihood of success
» Time to market

Figure 5. Overview about the Criteria in the Business Context Category
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2.6  Technical Context & Requirements Characteristics

In this category, criteria are included, which are related to or based on the
technical context of a requirement (e.g., “architecture impact”), as well as par-
ticular requirements characteristics (e.g., “readiness for implementation”). Just
like the business context criteria, these criteria as well do not express any con-
crete benefit or loss that is realized when implementing a requirement, but ra-
ther describe context factors that have a positive or negative influence on the
decision in favor for or against a requirement. An overview is shown in Figure
6.
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Technical Context & Requirements Characteristics

Engineering Resources
< 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
e Velocity
» Key resources
e Resources for specification
e Functional resources
e Analysis and design
e Implementation / Development
e Testing
o User interface
e Research

Time & Schedule

% (Implementation) time / schedule
» (Development) Lead time

« Delivery date / release date

< Project deadline / temporality

Utilization / Usage

% Object usage for a particular scenario of the use case
% Actor usage for a particular scenario of the use case
% Reuse potential / reuse frequency

% Number of times use case appears in model

Copyright © Fraunhofer IESE 2014

Prioritization Criteria Collection

Dependencies
< Requirements dependencies

» Technical & functional dependencies

» Number of requirements that depend on requirement
e Number of use cases this use case includes

e Number of use cases that includes this use case
e Number of use cases this use case extends

e Number of use cases that extend this use case

e Number of use cases inherited 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-
functional requirements and architectural choices)

YVVVYYVY

% Implementation dependencies

» Intra-domain dependencies
» Dependencies due to downstream activities
» Team-based dependencies

Requirements Status & Qualities

< Readiness for implementation

% Adequate / Sufficient detail in specification
% Requirements quality / requirements specification factors
» Modifiability

Traceability

Testability

Completeness

Consistency

Understandability

Within Scope

Non-redundant

YVVVVYVYVYYV

Figure 6. Overview about the Criteria in the Technical Context & Requirements Characteristics Category

Technology, Infrastructure & Architecture

< System impact (changes to existing system)

Keep legacy system alive

(Impact on) Maintenance (of current system)

(Long term) architecture Impact

e Importance for product architecture

e Technical debt

e (Impact on long-term) Evolution (of system)

(Short term) Architectural / development impact

Infrastructure (criticality)

Preferred operating architecture

Technology opportunities

Technology should support current functionality

Integration to external systems

< System value of a feature (impacted components)

< Use case weight (transactions)

< Adherence to corporate software design parameters
» T departments technical guidelines

% Technical priority

Y V VYV
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Summary

3 Summary

In this report, we presented a collection of prioritization criteria that are based
on a comprehensive systematic literature survey, as well as the list of publica-
tions in which these prioritization criteria appear. The collection consists of
around 280 prioritization criteria, structured in six major categories and 31 sub-
categories. Details about the research approach and the prioritization criteria
can be found in [Rie14].
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Appendix

cal Study

ID Title Authors Year
[1] First Things First: Prioritizing Requirements Wiegers 1999
[2] Criteria-Based Requirements Prioritization for Software Product Management Mohamed et al. 2008
[3] Prioritizing Requirements Firesmith 2004
[4] A Prioritization Process Botta; Bahill 2007
[5] Absolute Scales to Express Stakeholder Value for Improving Support for Prioritization. Brodie; Wood- 2010
man
[6] What is Important when Deciding to Include a Software Requirement in a Project or Release? Wohlin; Aurum 2005
[7] Quest for a Silver Bullet: Creating Software Product Value through Barney et al. 2006
Reguirements Selection
[8] Adding Value to Software Requirements: An Empirical Study in the Chinese Software Industry | Hu et al. 2006
[9] Creating Software Product Value in China Barney et al. 2009
[10] Criteria for Selecting Software Requirements to Create Product Value: An Industrial Empirical Wohlin; Aurum 2006
Study
[11] Providing value by prioritizing requirements throughout software product development Lehtola 2006
[12] Evolving Prioritization for Software Product Management Berander 2007
[13] Requirements Prioritization Challenges in Practice Lehtola et al. 2004
[14] A Cost-Value Approach for Prioritizing Requirements Karlsson; Ryan 1997
[15] Software release planning: an evolutionary and iterative approach Greer; Ruhe 2004
[16] Requirements Prioritisation for Incremental and Iterative Development Greer 2005
[17] Product Release Planning Ruhe 2010
[18] Quantitative studies in software release planning under risk and resource constraints Ruhe; Greer 2003
[19] | Trade-off Analysis for Requirements Selection Ruhe et al. 2003
[20] | An Analytical Model for Requirements Selection Quality Evaluation in Product Software Devel- | Regnell et al. 2003
opment
[21] Hybrid Intelligence in Software Release Planning Ruhe; Ngo-The 2004
[22] Intelligent Support for Software Release Planning Amandeep etal. | 2004
[23] Release Planning under Fuzzy Effort Constraints Ngo-The et al. 2004
[24] Supporting Software Release Planning Decisions for Evolving Systems Saliu; Ruhe 2005
[25] Determination of the next release of a software product: an approach using integer linear Akker et al. 2005
programming
[26] Fuzzy structural dependency constraints in software release planning Ngo-The; Saliu 2005
[27] Measuring dependency constraint satisfaction in software release planning using dissimilarity Ngo-The; Saliu 2005
of fuzzy graphs
[28] The art and science of software release planning Ruhe; Saliu 2005
[29] Strategic release planning and evaluation of operational feasibility Ruhe; Momoh 2005
[30] Release planning process improvement — an industrial case study Momoh; Ruhe 2006
[31] Decision support for value-based software release planning Maurice et al. 2006
[32] | An explanation oriented dialogue approach and its application to wicked planning problems Du et al. 2006
[33] Introducing Tool Support for Retrospective Analysis of Release Planning Decisions Karlsson; Regnell | 2006
[34] | A risk-driven method for extreme programming release planning Li et al. 2006
[35] | A decision modelling approach for analyzing requirements configuration trade-offs in time- Ziemer et al. 2006
constrained web application development
[36] Bi-objective release planning for evolving software systems Saliu; Ruhe 2007
[37] | A system dynamics simulation model for analyzing the stability of software release plans Pfahl et al. 2007
[38] Software product release planning through optimization and what-if analysis Akker et al. 2008
[39] Supporting road-mapping of quality requirements Regnell et al. 2008
[40] Business Value Is not only Dollars - Results from Case Study Research on Agile Software Pro- Racheva et al. 2010
jects
[41] Need to Redefine “Value” and Case for a New “Software Valuation” Technique: An Analyti- Ramzan et al. 2009
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[42] Requirements Prioritization Modern Analyst 2014
http://www.requirements.com/Glossary/RequirementsPrioritization/tabid/12 1/Default.aspx LLC

[43] | Adgile requirements prioritization in large-scale outsourced system projects: An empirical study | Daneva et al. 2013

[44] | A Comparison of Model-based and Judgment-based Release Planning in Incremental Software | Benestad;Hannay | 2011
Projects

[45] Prioritization of Quality Requirements: State of Practice in Eleven Companies Svensson et al. 2011

[46] Do we Know Enough about Requirements Prioritization in Agile Projects: Insights from a Case | Racheva et al. 2010
Study

[47] A product management challenge: Creating software product value through requirements Barney et al. 2008
selection

[48] A Conceptual Model of Client-driven Agile Requirements Prioritization: Results of a Case Racheva et al. 2010
Study

[49] A Value-Based Approach in Requirements Engineering: Explaining Some of the Fundamental Aurum; Wohlin 2007
Concepts

[50] Agile Requirements Prioritization: What Happens in Practice and What Is Described in Litera- Bakalova et al. 2011
ture

[51] A Systematic Review of Software Requirements Selection and Prioritization Using SBSE Ap- Pitangueiraetal. | 2013
proaches

[52] Demystifying Release Definition: From Requirements Prioritization to Collaborative Value Tourwé et al. 2009
Quantification

[53] | A Broad, Quantitative Model for Making Early Requirements Decisions Feather et al. 2008

[54] | Traceability Semantics Approach for Supporting Product Value Analysis Espinoza; Diaz 2010

[55] Decision Support for Product Release Planning based on Robustness Analysis Al-Emran et al. 2010

[56] | The Art of Requirements Triage Davis 2003

[57] Practical challenges of requirements prioritization based on risk estimation Herrmann; Paech | 2009

[58] Supporting Distributed Collaborative Prioritization for WinWin Requirements Capture and Park et al. 1999
Negotiations

[59] RiskREP: Risk-Based Security Requirements Elicitation and Prioritization Herrmann et al. 2011

[60] Prioritising Scenario Evolution Moisiadis 2000

[61] Prioritising Use Cases and Scenarios Moisiadis 2000

[62] Prioritizing Use Cases to aid ordering of Scenarios Sapna; Mohanty | 2009

[63] Complementing Measurements and Real Options Concepts to Support Interiteration Decision- | Racheva et al; 2008
Making in Agile Projects

[64] Handling Uncertainty in Agile Requirement Prioritization and Scheduling Using Statistical Logue; McDaid 2008
Simulation

[65] | A framework for prioritization of quality requirements for inclusion in a software project Thakurta 2013

[66] Requirements prioritization in on-line banking systems: using value-oriented framework Danesh et al. 2009

[67] Ensuring Cost Efficient and Secure Software through Student Case Studies in Risk and Re- Mead et al. 2009
guirements Prioritization

[68] Does the Prioritization Technique Affect Stakeholders’ Selection of Essential Software Product | Benestad;Hannay | 2012
Features?

[69] Multi-Criteria Preference Analysis for Systematic Requirements Negotiation In et al. 2002

[70] Using an SMT Solver for Interactive Requirements Prioritization Palma et al. 2011

[71] A Machine Learning Approach to Software Requirements Prioritization Perini et al. 2013

[72] Quantitative WinWin — A New Method for Decision Support Ruhe et al. 2002
in Requirements Negotiation

[73] Developing Groupware for Requirements Negotiation: Lessons Learned Boehm et al. 2001

[74] Recognition of Hidden Factors In Requirements Prioritization Using Factor Analysis Marjaie;Kulkarni 2010

[75] Using Simulation to Investigate Requirements Prioritization Strategies Port et al. 2008

[76] Verification of Requirements Extraction and Prioritization Based on Goal Oriented Use Case Moon; Kim 2013
Approach by using Use Case Points

[77] | Value Based Intelligent Requirement Prioritization (VIRP): Expert Driven Fuzzy Logic Based Ramzan et al. 2011
Prioritization Technique

[78] Financially Informed Requirements Prioritization Cleland-Huang; 2005

Denne

[79] Releasing Sooner or Later: An Optimization Approach and Its Case Study Evaluation Ho; Ruhe 2013

[80] | Value-Oriented Requirements Prioritization in a Small Development Organization Azar et al. 2007

[81] Integrating Collaborative Requirements Negotiation and Prioritization Processes: A Match Kukreja, Boehm 2013
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Made in Heaven
[82] | Architectural Requirements Prioritization and Analysis Applied To Software Technology Evalua- | Smiley et al.
tion

[83] Requirements Engineering - A good practice guide

2009

Sommervillg; 1997
Sawyer

Table 1. List of Publications containing Prioritization Criteria
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