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Requirement Changes

= Requirement changes refer to additions, modifications, or deletions of requirements at any stage of the
software development process (Wiegers & Beatty, 2013).
= According to Carniel and Pegoraro (2018), the most common reasons why requirements change are:
> Unidentified needs at the beginning of the project
> Changes in the business and customer environment
> Correction of errors detected by quality processes

> New perspectives from stakeholders
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Requirement Changes

Unmanaged or improperly managed requirement changes may have negative consequences on the system’s
development, such as:

> Cost and schedule overrun
> Endless testing
> Project failure and business loss

Therefore, managing requirement changes in software development is not just important but crucial for the
success of the final product (Jayatilleke & Lai, 2018).
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Requirement Changes in Traditional Software Development
Methods

According to the literature, managing changes represent a significant problem in projects that follow a
traditional (plan-driven, linear) software development method (Inayat et al., 2015; Papadopoulos, 2015;

Wagner et al., 2018).

In these methods, the acceptance of change is generally low since they affect the project’s schedule and costs
(Highsmith & Cockburn, 2001).
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Requirement Changes in Agile Software Development Methods

On the other hand, agile methods are known for following a paradigm that advocates acceptance of change
(Dingsgyr et al., 2012).

According to the Agile Manifesto and its second principle, agile methods welcome changing requirements even
late in the software development process. This seems to be one of the main reasons software development
teams move from traditional to agile methods (Paetsch et al., 2003; Cao & Ramesh, 2008; Papadopoulos,

2015).

W UNIVERSITY OF
Requirements Change Management in Agile Software Development PAGE 6 @ WATE RLOO



Requirement Changes in Agile Software Development Methods

It seems that, theoretically, agile software development methods effectively address the problem of
requirements change management faced by traditional methods. However, a question arises as if this
effectiveness is perceived in real-life software projects and practice corresponds with the theory.
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Research Method and Questions

In this research, a literature review was conducted to answer these two questions:

1. How do agile methods manage requirement changes?

2. According to the empirical evidence, are agile methods effective in managing requirement
changes?
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Review Approach

Databases IEEE, ACM, ScienceDirect, SpringerLink

Search criteria C1 C2 C3
"change management", Agile, empirical,
"changing requirements", Scrum, "case study",
"requirement changes", "Extreme Programming'", survey,
"changes in requirements", "Dynamic Systems Development "qualitative study"”, and
"requirement engineering", Method", Kanban, Lean, and experiment
"traceability", "Feature-Driven Development"”
"impact analysis", and
"prioritization"

C1 AND C2 AND Cs3
Studies retrieved 373

Final selection after
applying the exclusion 25
criteria
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Requirements Change Management

According to the International Requirements Engineering Board (Bithne & Herrmann, 2022) and ISO 29148,
the requirements change management process includes or is related to important activities such as:

> Requirements change documentation
> Requirements traceability and change impact analysis

> Requirements prioritization
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Results - Research Question 1

Based on these three activities, the first question,

How do agile methods manage requirement changes?

was responded to considering what the methods' guidelines indicate about the activity and how the activity is
conducted in real-life projects as reported in the literature.
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Requirement Changes Documentation - Agile Guidelines

= New requirements lead to new user stories.
= Changes to requirements lead to a user story being changed or replaced by a new one.
= Versioning of user stories is unnecessary.

(Biithne & Herrmann, 2022)
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Requirement Changes Documentation - In Practice

(Alsalemi &
Yeoh, 2015)

(Wagner et al.,
2018)

(Kasauli et al.,
2021)

Survey (89
Scrum
practitioners)

Survey (92
companies
from 10
different
countries)

Multiple case
study (seven
large-scale
system
development
companies)

Determine how product backlog changes are
managed by practitioners in Scrum projects.

Analyze the current state of practice and potential
problems in agile requirements engineering.

Report on industrial requirement engineering
challenges related to applying agile development in
large-scale systems.
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Most practitioners record requirement changes as new requirements even when these changes
do not correspond with additions. No change history and versioning are maintained. The
product backlog is saved immediately as requirements change. No change record is maintained
for the product backlog.

Most practitioners indicated that they update the product backlog when requirements change.
The study does not mention if they record requirement changes as new requirements
independently of the type of change. In addition, 16 % of the practitioners only work with change
requests, and 15 % even have a requirements specification they regularly change.

Three of the seven companies reported that their requirements are often outdated; they are not

being updated as they change. Although it is not implicitly reported in the study, it may indicate
that requirement versioning is not made. The study does not mention if these companies record
requirement changes as new requirements independently of the type of change.
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Requirements Traceability and Change Impact Analysis

Traceability is important in requirements change management because it assists in tracking changes in
software architecture, code base, and test suites that requirement changes can cause. When a requirement
change is requested, it is necessary to evaluate its impact on other requirements and the components that
implement them (Carniel & Pegoraro, 2018).
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Requirements Traceability - Agile Guidelines

1. Traceability among requirements (dependencies)
is not mentioned. These tracing links are discussed

during planning or inter-iteration meetings (Beck &
Andres, 2005) (Bithne & Herrmann, 2022).

2. Traceability of the source code changes to the
requirement they implement (and vice versa) is not
covered (Asklund et al., 2004).
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3. There is implicit traceability of requirements to the
corresponding acceptance test cases (Bithne &
Herrmann, 2022).

4. Traceability links do not need to be documented
because they can be discovered and discussed during

face-to-face meetings (based on developers'
knowledge of the system) (Rubin, 2012).
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(RT) - In Practice

Requirements Traceability

(Martakis &
Daneva, 2013)

(Duc, 2013)

(Nurdiani et
al., 2016)

Focus group (six
practitioners from
five different
companies)

Interview (14
practitioners from
12 different
companies)

Survey (52
practitioners)

Traceability among
requirements.

+ Traceability from
a test case back
to a code
element.

+ Traceability from
a test case back
to an user story.

Traceability among
requirements.

No specific role is
indicated.

No specific role is
indicated.

Developers,
analysts, scrum
master, testers,
manager.

Analysis during
iteration planning
and continuous
communication and
collaboration between
project members.

Using a tool (see next
column).

Using a tool, common
sense/logic/intuition,
manually checking
backlog items,
analysis during
iteration planning,
team feedback.

JIRA, Pivotal tracker +
Smartsheet, a list with
linkage in Microsoft
Sharepoint.

Small companies: Excel
sheet, product Backlog,
and whiteboard.

Big companies: Visio
Studio and Team
foundation server, IBM
rationale (ClearQuest,
DOOR), Jira.

JIRA, in-house
developed tool,
database repository,
Git, CASE tool, Google
docs, StoryMaps,
Spreadsheet,
Confluence, Wiki,
Inflectra Spira Team

Participants of this focus group agreed that no agile
approach considers requirements traceability
explicitly, and there was no commonly used agile
practice that agile project organizations meant for
systematically approaching traceability in their
projects.

Participants of this study indicated that
performing adequate requirements traceability in
Agile projects is challenging because implementing
traceability requires companies to spend more
resources (time, employees). In addition,
implementing traceability at a low level may be
problematic in Agile because requirement changes
occur frequently.

Although most participants of this study did not
find managing requirements traceability
challenging, the authors of this study argued that
Agile practices themselves are not enough to
manage requirements traceability since most
respondents indicated that they use issue tracking
and project management software tools to identify
and manage requirements traceability, and this
contradicts Agile Manifesto which advocates
interactions over tools as part of its values.



Requirements Traceability (RT) - In Practice

(Kassab, 2014)

(Wagner et al.,
2018)

(Kasauli et al.,
2021)

Requirements Change Management in Agile Software Development

Survey (247
practitioners
from 23
countries)

Survey (92
companies
from 10
different
countries)

Multiple case
study (seven
large-scale
system
development
companies)

Report on the current practice landscape in requirements
elicitation, analysis, management, effort estimation, and tools
concerning agile methods compared with the traditional
waterfall.

Analyze the current state of practice and potential problems in
agile requirements engineering.

Report on industrial requirement engineering challenges
related to applying agile development in large-scale systems.
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85% of the agile practitioners who participated in this study reported satisfaction
with the process followed to trace requirements during their projects.

More than half of the respondents answered that they explicitly manage traces
between the requirements and the code. A third manages the traces between
requirements and design documents explicitly. More than a fifth of the respondents
do not explicitly manage traces at all.

This study reported "missing traceability" as a critical problem in agile requirement
engineering.

Creating and maintaining requirement traceability is challenging. For example, some
user stories need to be broken into more user stories, creating traceability issues as it
is hard to understand which high-level user story can be traced to detailed
requirements.

Some interviewees considered requirements traceability to be documentation, which
should not be part of the agile process.

UNIVERSITY OF
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Change Impact Analysis - Agile Guidelines

= Change impact analysis is not explicitly = Not specific roles in charge are
mentioned in Agile methods guidelines. mentioned.
However, Agile methods suggest that
requirement changes and their implications
can be properly addressed through constant
face-to-face communication and feedback
(development team members, customers —
developers) (Beck & Andres, 2005), (Rubin,
2012).

= Agile methods do not suggest specific
impact analysis techniques.

W UNIVERSITY OF
Requirements Change Management in Agile Software Development PAGE 18 @ WATE RLOO



Change Impact Analysis - In Practice

(Wagner etal., Survey (92 Analyze the current state of practice and potential problemsin = Most respondents do impact analysis between requirements. More than a third

2018) companies agile requirements engineering. analyzes the impact of requirement changes on the code. A fifth does not analyze the
from 10 effect of changes to the requirements. The study also showed that besides looking at
different requirements and code, the test suites and direct discussions with stakeholders seem
countries) important for impact analyses in agile projects.

No other study mentioned anything about change impact analysis.
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Requirements Prioritization

Prioritization is essential in requirement change management. When an addition, modification, deletion, or
error fix is requested, the list of requirements must be re-prioritized to accommodate the changes
(requirements) according to their degree of importance for the business or another prioritization criteria.

AGE 26 %’ WATERLOO
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Requirements Prioritization (RP) - Agile Guidelines

When does RP take place? During the initial planning stage and in the planning meeting at the
beginning of each iteration

Who participates in RP? * Customer
« The development team takes the advisor role by estimating effort and

judging technical risk

Who makes the final decision  Customer

about RP?

Which criteria are considered Business value

in RP?

Which RP technique is used? There is no specific requirement prioritization technique to be used

(Beck & Andres, 2005; Rubin, 2012; Schwaber & Sutherland, 2020)
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Requirements Prioritization (RP) - In Practice

(Cao & Ramesh,
2008)

(Hoff et al., 2008)

(Racheva et al., 2010)

(Daneva et al., 2013)

(Jarzebowicz & Sitko,
2020)

(Naicker & Maharaj,
2020)

(Borhan et al., 2022)

Multiple case
study (16
organizations)

Survey

Multiple case
study

Embedded case
study (3 large
projects)

Survey

Survey

Survey

Planning meeting
(at the beginning of
each iteration).

Planning meeting
(at the beginning of
each iteration).

Planning meetings,
during iteration, at
the beginning of the
software project.

Mostly done at
planning meetings.

Customer and developers.

Developers, customers
(sometimes).

Product owner, business
analyst, tech lead, domain
owner, delivery team head,
and test scenario team lead.

Product owner, developers,
analyst, Scrum Master,
customer representative, and
testers.

Project manager and/or
business analyst.

Product owner, and
development team.

Customer

Developers

Product owner
(customer)

Customer
representative

The project manager or
team leader or
consensus with
business analysts.

Product owner (95%),
development team

(5%).

Business value

Impact to the organization,
fixes errors, delivery date,
and cost-benefit to the
organization.

Negative value

Requirements dependencies,
volatility, risk, effort, and
technical debt.

Business value for customer,
interdependencies,
complexity and difficulty, and
stability.

Opportunity cost, business
value, and requirement
dependencies.

Business value, cost,
complexity.

Numerical scale, MoSCoW,
and Kano

No specific prioritization
technique used

MoSCoW, cost-value
ranking, cumulative
voting,and Kano



Discussion - Research Question 1

> According to the studies reviewed, practitioners seem to follow the agile guidelines regarding how to
document requirement changes.

> According to Agile guidelines, requirements traceability does not need to be documented, and it can be
addressed through practices such as constant face-to-face communication between stakeholders. However,
the studies reviewed reported that practitioners consider traceability in agile projects challenging, and it
seems that practices proposed by agile guidelines are not enough to manage requirements traceability in
their projects; consequently, they use software tools to support this activity.
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Discussion - Research Question 1

> Although change impact analysis was only mentioned in one study, it is worth highlighting that, according
to this study, direct discussions with stakeholders seem to have been important for impact analyses in those
agile projects. This claim corresponds to what is suggested by the agile methods guidelines.

> Most studies reviewed indicate that practitioners follow the suggested agile guidelines regarding
requirement prioritization.
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Discussion - Research Question 1

Based on the studies reviewed, practitioners seem to follow agile guidelines regarding activities
related to requirement change management.
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Results - Research Question 2

According to the empirical evidence, are agile methods effective in
managing requirement changes?
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Results from Empirical Studies

Based on the study's results, 87% of Agile companies indicated that requirements changes do not represent a

(sillitti et al., 2005) Isrilargzy;;s()ffggefg problem or challenge in their software projects because their development process is based on constant Yes
v 5 8eI interaction with the customer, which increases the level of understanding of the changes and allows to manage
companies)
them adequately.
According to the study participant organizations, changes are easy to implement and cost less in Agile
Multiple case study (16 development due to early and constant feedback and validation of the requirements, which minimize the need
(Cao & Ramesh, 2008) or;anli)zations) uey for significant changes. However, several organizations also indicated that the most significant issue in No

managing changes is that the software architecture becomes inadequate as requirements change, and
refactoring often does not completely address this problem.

According to the study's results, changes were easy to conduct during the agile development of the evaluated
project. Planning was a regular job; thus, fitting changes was relatively simple. Significant changes seldom
took place during development activity. Constant communication between clients and developers handily
avoids that.

(Liu Jun et al., 2010) Case study Yes
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Results from Empirical Studies

According to the study's results, Agile practices such as iterative development, constant and direct
Survey (772 companies) communication, and continuous customer integration did not demonstrate a mitigating effect on the negative No
impact of requirements changes in projects' success.

(Maierhofer et al.,
2010)

According to the study's results, the main issues manifested by the Scrum teams are related to requirement
change management. Some of the issues they highlighted were that requirement changes were not analyzed

(Pikkarainen & Wang, Multiple case study (two deeply enough because the Agile way of working does not support change request analysis. In addition, they No

gesy UL indicated that change management was complex because the increasing amount of requirement changes

complicated the product backlog control and the requirements prioritization.

The respondents indicated that the ability to manage changing requirements and priorities is the most
(Papatheocharous & Survey (377 significant benefit they perceived of implementing agile methods. In addition, the study indagated the major Yes
Andreou, 2014) respondents) causes for unsuccessful agile projects, and none of the respondents' answers were related to issues with the

agile methods processes perse which includes requirement change management.
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Results from Empirical Studies

Multiple case study (two The study's results showed that the projects achieved high user satisfaction, good quality compliance, and low
(Alawairdhi, 2016)  projects, one error rates by using agile methods. In addition, it was found that strong communication and constant feedback Yes
organization) were determinants to manage the changes effectively.

The study's results showed that change management was one of the main challenges of applying agile methods in
the two public sector software developed. The frequent meeting and reviewing of the development progress
generated numerous change requests, which represented a problem in terms of costs because public sector
projects usually have a fixed budget.

Multiple case study (two
projects, one big
organization)

(Wisitpongphan &

Khampachua, 2016) No

Experts of this study indicated that their companies have issues with the continuous management of requirements
(Schon et al., 2017)  Survey (26 participants) since not all of them are fixed at the beginning, and they change constantly throughout the projects. They also No
indicated that agile methods do not address these issues properly.
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Results from Empirical Studies

According to the study's results, 58.3% of the practitioners indicated that requirements changes are a
Survey (25 practitioners) significant issue in agile requirement engineering. In addition, 60.9% indicated have faced issues with No
requirements prioritization during agile project development.

(Sebega & Mnkandla,
2017)

Most practitioners indicated that they update the product backlog and do impact analysis when

requirements change. In addition, more than half of them answered that they explicitly manage traces

between the requirements and the code. However, practitioners also reported that one of the main and No
frequent problems they face in agile projects is moving targets (changing goals, business processes, and/or

requirements) and their management.

Survey (92 companies from

(Wagner et al., 2018) 10 different countries)
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Results from Empirical Studies

According to the study, constant changes of requirements and re-evaluation, difficulties in managing the
history of changing requirements, and difficulties in requirement prioritization because the customer

(Badsyehetal., 202%) | Lasesimdy considers all features important were some of the main issues why the analyzed government outsourcing A
project failed.
Survey (46 Brazilian According to the study's results, 73.9% of respondents informed that requirements specifications and
(Barata et al., 2023) software development management represent challenges in agile projects and need to be improved. Among the main issues, they No
professionals) highlighted the insufficient change control in requirements.
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Results from Empirical Studies - Research Question 2

Studies that evidence agile methods are effective
in managing requirement changes.

Studies that evidence agile methods are not
effective in managing requirement changes.

W UNIVERSITY OF
Requirements Change Management in Agile Software Development PAGE 32 @ WATE RLOO



Discussion - Research Question 2

> Most studies showed evidence that agile methods are not effective in managing requirement changes. A
constant statement in these studies is that requirement changes are one of the most significant issues

practitioners face during an agile project, and their management represents a challenge. Therefore, it can be
argued that if agile methods were completely effective in managing requirement changes, requirement
changes and their management would not be an issue constantly highlighted in real agile projects.
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Discussion - Research Question 2

> In the four studies that showed evidence that agile methods are effective in managing requirement changes,
practitioners only mentioned that constant communication and feedback between customers and
developers and continuous planning helped them manage requirement changes properly.

> It is worth noting that these four studies correspond to two case studies that examined small-sized projects,
one survey with 16 agile practitioners from medium/small companies as respondents and another survey
with 377 respondents where it was indicated that the second most widely used method by respondents'
companies is a customized approach, almost 50% of the companies have developed only a small number of
agile projects, and the typical number of developers recorded in agile teams in these companies is small.
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Discussion

> Based on the results from research question one, practitioners seem to follow agile guidelines regarding
activities related to requirement change management. In addition, results from research question two
evidence that agile methods are not effective in managing requirement changes. Therefore, it can be argued
that agile methods, as described in their guidelines, are not effective in managing requirement
changes.
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Conclusion

>

This research presented a literature review to examine how requirement changes are managed according to
agile methods and determine if these methods are effective in managing requirement changes.

This study's findings suggest that agile methods, as described in their guidelines, are not effective in
managing requirement changes.

Several agile practitioners from different real-life projects and countries manifest that requirement changes
represent a significant issue in their projects. Managing requirement changes, including activities such as
change impact analysis, requirements traceability, and requirements prioritization, is a constant challenge
reported by practitioners in the reviewed studies.

Although the Agile philosophy advocates acceptance of change, and methods that follow this philosophy are
expected to address changing requirements effectively, the practitioners' experiences seem to indicate
another reality.
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Do you have any questions?
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