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Abstract

The agile methods, such as Scrum and Extreme Programming (XP), have been a topic of much
discussion in the software community over the last few years. While the proponents of the agile
methods have articulated convincing arguments for their methods, usually within a context of
small-to-medium size projects with significant requirements volatility, opponents have expressed
serious concerns about the appropriateness and effectiveness of the methods. The research
project described in this report is three-pronged effort to investigate the issues associated with
Scrum adoption. First, the practices that characterize the Scrum agile method will be stated,
along with common variants. Second, projects that have adopted, or are in the process of
adopting, Scrum will be surveyed to identify which Scrum practices, or variants thereof, they
have implemented and the perceived value of the method. Third, factors affecting Scrum
adoption will be investigated. The objective of this research is to better understand the barriers to
adoption and the leverage points that might encourage Scrum to be more widely and efficiently
deployed.

Introduction 3

Engineering and Management PraCtiCeS..........cccveviiieieeiesieseesie e sieesre e sie e 5

SCIUM PFACTICES ..ttt sttt bbbttt b b sneene e 5

The Product BacKIog ........cooiiiiiieiiiieiesee s 6

TRE SPIINT . bbb 6

The Daily SCIUM ..ot ens 7

THE SCrUM ROIES ...t bbb 7

Potential Survey Questions Related to SCrum PractiCes .........cccccvvevvveevieiiievie e, 8

Other ENGINEEring PraCliCeS .........ooiiiiieieieiie sttt 9
Potential Survey Questions Related to Other Engineering Practices.............cccccveuu.... 10
DEFINING SUCCESS.....eeveeeieitie ittt ettt e e st et e e esre e sbeeeearaesbeeneesneennas 12
Project SUCCESS DIMENSIONS ......ccviiieiiieieiie sttt sttt sre e snee e 12
Balanced Scorecard at the Organizational Level..............cccooiiiiiincineee, 12
The Discipline of Market LEAAEIS.........ccovevieieiie e 12
Potential Survey Questions Related to Defining SUCCESS ........cccovvveieeiieiieiicieee, 12
Change Management and SCrum AdOPLION ..........ooviiiiieiienene e 13
Diffusion Of INNOVALIONS.........cciiiieieiie et 13
CroSSING the ChaSIM ........ociiiicice e sre e ae e nre e e e 13
The ASSIMIIAtION GaAP.....cviiiieiicie et ns 13
The Innovation Analysis MOdel ... 13



Potential Survey Questions Related to Change Management...........ccccoceveiienennnene 13

IMPrOVEMENT FACTOTS ... 14
B O I Tod (o P 14
“BUY-IN" 10 IMPIOVEMENT......eviiiiiie ittt nnn e ees 14
Critical Success Factors for Improvement ..........coocveverriiene s 14
ReadiNess 10 ChanQe........cuoieieie e 14
Why Organizations DO NOt Change.........cccecveiieieiiieie e 14
Evidence-Based Management ...........cccvcieiieiieieeie et 14
Potential Survey Questions Related to Improvement Factors..........cccceevveeiieiiennnnne 14

Cultural Factors Affecting Change Management ............ccoovveierinieienene e 15
Hofstede’s Software of the MiNd ... 15
Constantine’s Organizational Paradigms ...........cccccveveiieii i 15
Handy’s Gods Of ManagemeNt ..........coueiieiiiieiieese e e 15
Schein’s Organizational CUTUIES ...........cveiiiiii e 15
Potential Survey Questions Related to CUItUIe ...........coceeveiievicce e 15

SUIVEY DBSIGN ...ttt te e et e st e e e s ae e teessesbe e teeneesneeseeenee e 16
Sampling and Bias CONCEIMS.......ccueiueiieiie ittt sttt sre e 16
An Adequate RESPONSE RALE ........oiviiiiiiiiiieieie e 17

Next Steps and FUture RESEAICH ..........ocveiie e 18

References 19



INTRODUCTION

The agile methods, such as Scrum and Extreme Programming (XP), have been a topic of much
discussion in the software community in recent years. While the proponents of the agile methods
have articulated convincing arguments for their methods, usually within a context of small-to-
medium size projects with significant requirements volatility, opponents have expressed serious
concerns about the appropriateness and effectiveness of the methods. This report describes a
three-pronged empirical research project into Scrum adoption. First, the practices that
characterize the Scrum agile method will be stated, along with common variants and tailorings.
To understand Scrum adoption, we need to clearly identify what is an acceptable implementation
of Scrum and what is not. Second, projects that have adopted, or are in the process of adopting,
Scrum will be surveyed to identify which Scrum practices, or variants thereof, they have
implemented and the perceived value of the method. Third, factors affecting Scrum adoption will
be investigated.

Authorities from the Scrum Alliance, e.g., Schwaber and Sutherland, will be consulted to
identify what is, and is not, a reasonable tailoring of Scrum. The interesting questions from an
empirical research perspective include:
e What are the critical Scrum practices to consider?
e What variations on each of the Scrum practices occur in projects?
e What tailorings are legitimate variations that a project can use and be considered as
following the Scrum method?

Industry projects that have adopted, or are in the process of adopting, Scrum will be surveyed to
identify which Scrum practices, or variants thereof, they have implemented and the perceived
value of the method/practices. For those choosing whether to adopt Scrum, understanding the
benefits is crucial to the decision. Formal cost/benefit analyses, however, are rarely performed
by software organizations (high maturity organizations as rated against the Software CMM or
CMM Integration are likely to be exceptions). While objective measures of cost and benefit
would be preferred, and will be collected to the degree available, rigorous measures of value are
frequently lacking in industry projects, so this first round of research will be based on the
perception of value.

Industry projects that have adopted, or are in the process of adopting, Scrum will be surveyed to
identify how they define success and how well Scrum supports projects in being successful. A
prerequisite to investigating value is understanding what success means in a specific context. In
some cases, success is driven by cost and schedule predictability; for example, in government
contracting, predictability and operational excellence are highly valued. In some cases, success is
based on functionality delivered and the relationship of that functionality to business objectives.
Building a mutually beneficial relationship with the customer can also be considered a measure
of success. Understanding the business context will clarify how Scrum supports achieving
successful projects in that environment. The interesting questions from an empirical research
perspective include:

e How is success determined?

e What practices are perceived to work well or badly on Scrum projects?

e What measures of success do Scrum projects use (if any) for the method itself?
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Industry projects that have adopted, or are in the process of adopting, Scrum will be surveyed to
identify what factors have influenced the adoption of Scrum. Many sources can be used to
identify potential factors, including those affecting the diffusion of innovations, those affecting
the marketing of new technologies and products, and those factors that influence the success of
software process improvement efforts. Although there is great overlap in the concerns of these
different research areas, each adds a unique perspective that may enlighten the research. The
interesting questions from an empirical research perspective include:

e What external factors, e.g., access to user groups, affect Scrum adoption?

e What internal factors, e.g., training, affect Scrum adoption?

In this report we provide a brief overview of each of the topics we wish to investigate in this
research, followed by an identification of the specific items that we might wish to investigate in
the context of Scrum adoption. The overviews identify important attributes of the topics but are
not comprehensive descriptions; similarly the specific items to investigate filter out many
important attributes to focus on particularly relevant information. The surveys that will be
distributed provide another round of filtering (survey design and usability issues are described in
a later section of this report). Each round of filtering is intended to help us focus on the vital few
issues that materially affect Scrum adoption of the hundreds of possibilities. We anticipate that
this initial round of survey-based research will identify a number of questions worthy of further
investigation. We hope that some of the companies involved will consider participating in a more
rigorous set of case studies, but that investigation is not considered in this report.



ENGINEERING AND MANAGEMENT PRACTICES

Stating the practices that characterize the Scrum agile method is challenging because Scrum is
not a software engineering or development methodology in a strict sense, although it could be
described as a project management methodology. It is more of a philosophy or set of values that
defines a culture of empowerment and participation within the team and of collaboration and
transparency with the customer. Still, it can be characterized by a relatively small set of practices
and roles originally established by Ken Schwaber and Jeff Sutherland, but these practices must
be interpreted in light of agile values and principles.

Elaborating this point, Ken Schwaber commented:*

Scrum is a tool, a framework, that can be used to build complex products. It does not prescribe any of the
common engineering, people, risk management, or other practices. For instance, it doesn't say the team has
to be collocated.

What Scrum does provide is feedback so that someone using Scrum can improve the results. For instance,
if someone wants productivity and quality and can have a collocated team, Scrum will point this out. If the
person starts with a dispersed team and compares its productivity to another collocated team, conclusions
can be reached. An intelligent person would then change (continuous process improvement).

So using Scrum correctly means following all of its rules, which expose everything (transparently) for
inspection and adaptation.

An intelligent person would then inspect what Scrum is making transparent and make changes to optimize
the results. Presumably, the changes are cost justified.

Someone can use Scrum perfectly and ignore what is made transparent.
Someone can use Scrum imperfectly and act on some of the things that have been made transparent.

Someone who uses Scrum perfectly and acts more intelligently than anyone else on what has been made
transparent will outcompete anyone else.

Since Scrum does not explicitly address engineering practices, it is desirable to consider non-
Scrum practices that may be tightly linked to Scrum success. For example, test-driven
development is frequently advocated for agile projects but is not an explicit Scrum practice.
Other methods can act as a source of potential practices that may influence the success of Scrum,
because Scrum is frequently implemented in conjunction with methods such as Extreme
Programming.

Scrum Practices

Schwaber’s two books [Schwaber02, Schwaber04] can be considered the definitive statements of
what Scrum is, although the Scrum Alliance has recently published a “Scrum Guide” that can be
considered the formal definition of the method [SAQ09]. Vodde and Sutherland created the Nokia
Test to assess the status of teams claiming to use Scrum [Sutherland08]. Silver, another Scrum

* Email to Mark Paulk, “Re: a start on identifying survey topics,” 27 April 2009.
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Alliance member, has also identified crucial characteristics and practices for Scrum [Silver07].
These descriptions are elaborated and clarified in various reports and training, as well as related
books [Cohn05, Larman08].

Scrum can be summarized as three practices and three roles. The Product Backlog, Sprint, and
Daily Scrum are the three primary practices, although there are a number of related practices.
The ScrumMaster, Product Owner, and Development Team are the three essential roles. The
Scrum Team consists of people performing these three roles. The following brief description
from the “Scrum Guide” highlights the specific aspects of Scrum that we may wish to investigate
to verify that the Scrum implementation is a valid one.

Scrum projects are typically small to medium sized, but large Scrum projects have been reported.
These are typically organized as a “Scrum of Scrums” [Schwaber04]. Scrum has also been
adopted at the enterprise level [Schwaber07]. Agile methods in general are assumed to be
geographically co-located, but distributed (virtual) teams have been described [Ramesh06],
although large and distributed projects are quite different from the environment assumed for
agile methods in general. High requirements volatility is usually assumed for agile projects.
Cockburn characterizes the sweet spots for agile projects as two to eight people in one room,
onsite usage experts, one-month increments, fully automated regression tests, and experienced
developers [Cockburn02].

In many cases Scrum is adopted as a whole with little change, but in some cases it is adopted in a
“tailored” form. This tailoring may, or may not, represent a reasonable adaptation of the original
method. Inappropriate Scrum variations are colloguially known as “ScrumButs.” Thus the
perceived need for the Nokia Test. It is therefore necessary to investigate the implementation to
determine whether a failed Scrum implementation truly reflects the method or an inappropriate
and ineffective understanding of what Scrum is. It seems likely that Scrum is a “bundle” of
knowledge that is best adopted as a whole [MacDuffie95, Pil96]; piecemeal adoption of Scrum
practices is unlikely to achieve the emergent behaviors and benefits of the method.

The Product Backlog

The Product Backlog lists the requirements for the product being developed. It is the master list
of all functionality desired in the product, and each item in the Product Backlog has a
description, a priority and an estimate of the effort needed to complete it.

The Release Plan describes the goal of the release, the highest priority items in the Product
Backlog, the major risks, and the overall features and functionality that the release will contain.
It establishes a probable delivery date and cost, assuming that nothing changes.

The Sprint

A Sprint is one iteration of a month or less that is of consistent length throughout a development
effort. Only the Product Owner has the authority to cancel the Sprint. Vodde and Sutherland
suggest that Sprints may be 2-6 weeks long.



The Sprint Planning Meeting is when the iteration is planned. It is time boxed to eight hours (for
a one month Sprint) and has two parts: determining what will be done in the Sprint and how the
Team is going to build the product increment during the Sprint.

The Sprint Backlog is an output of the Sprint Planning Meeting. It consists of the tasks, task
estimates, and assignments for the Sprint. Only the Team can change the items or their estimates
during a Sprint.

“Done” defines what the Team means when they commit to “doing” a Product Backlog item in a
Sprint. A completely “done” increment includes all of the analysis, design, refactoring,
programming, documentation and testing for the increment and all Product Backlog items in the
increment.

The Sprint Backlog Burndown is a graph of the amount of Sprint Backlog work remaining in a
Sprint across time in the Sprint. The Release Burndown graph records the sum of remaining
Product Backlog estimated effort across time. The velocity (or productivity) of the team can be
calculated using the burndown charts.

The Sprint Review meeting is a four-hour time-boxed meeting (for one-month Sprints) that is
held at the end of a Sprint where the Team presents the functionality done in the iteration to the
Product Owner and other stakeholders. The Team demonstrates the work that is done and
answers questions. The Team discusses what went well during the Sprint and what problems
they ran into, and how they solved these problems.

The Sprint Retrospective meeting is a three hour, time-boxed meeting (for one-month Sprints)
held after the Sprint Review and prior to the next Sprint Planning meeting where the Team
discusses what went well in the last Sprint and what can be improved for the next Sprint.

The Daily Scrum

The Daily Scrum is a 15-minute meeting used to inspect progress toward the Sprint goal and to
make adaptations that optimize the value of the next workday. During the meeting, each Team
member explains:

1) What he or she has done since the last Daily Scrum.

2) What he or she is going to do before the next Daily Scrum.

3) What obstacles are in his or her way.

The Scrum Roles

The ScrumMaster is the specific individual responsible for ensuring that Scrum values, practices
and rules are enacted and enforced. The ScrumMaster is the project manager but leads by
coaching, teaching and supporting the Team rather than directing and controlling.

The Product Owner is the specific individual responsible for managing and controlling the
Product Backlog. The Product Owner sets the priority for each item in the Product Backlog.

The Team is typically seven people, plus or minus two. Teams are cross-functional, having all
the skills needed to create an increment.



Potential Survey Questions Related to Scrum Practices

Is there a single ScrumMaster? Is he or she a Certified ScrumMaster? Is there a project manager
separate from the ScrumMaster?

Is there a single Product Owner? Does the Product Owner integrate and reconcile the desires of
multiple stakeholders? Is the Product Owner co-located with the Development Team?

How many people are on the Development Team? Is the Development Team co-located?
Distributed across multiple sites? What is the average experience (in years) of the team in
building software? The minimum? The maximum?

Is Scrum being piloted on this project? Has Scrum been deployed across the organization (made
available to the entire company or the business unit)? Is senior management sponsoring the
adoption of Scrum?

How many months has the Scrum project been running?
What kind of application is the Scrum project building (e.g., Web, MIS, embedded system)?
Is the Scrum project a single project or part of a larger program, e.g., a Scrum of Scrums?

Does the Product Backlog consist of user stories with associated priorities and estimates? Is
there a requirements specification maintained under formal change control?

Are Sprints consistently 30 days long? Less than 30 days? More than 30 days but less than six
weeks? Variable length between two and six weeks? More than six weeks?

Are the Daily Scrum meetings held every day? Held multiple times per week but not necessarily
daily? If part of a Scrum of Scrums, are Daily Scrum meetings held at the higher levels in the
hierarchy?

Is there a common understanding of what “done” means for the items in the Sprint Backlog? Are
there regression tests to demonstrate that functional requirements have been correctly
implemented that are performed on a daily or more frequent basis?

Is the Release Plan based on the known velocity of the project and the desired functionality at
the time of the release?

Is a Sprint Retrospective Meeting held at the end of Sprints to identify opportunities for
improvement?

Is the Scrum project viewed by the various stakeholders as being open and transparent? Is the
Scrum Team viewed as being collaborative and responsive? Is the Scrum Team viewed as being
competent, knowledgeable, and professional?



Other Engineering Practices

Probably the two most popular agile methods are Scrum and Extreme Programming (XP). Beck
described in terms of twelve practices in the first edition of his book Extreme Programming

Explained: Embrace Change [Beck99]:
e Planning game
e Small releases
e Metaphor
e Simple design
e Testing (including test-driven development and customer tests)
e Refactoring (described as design improvement by some)
e Pair programming
e Collective (code) ownership
e Continuous integration
e 40-hour week (later described as sustainable pace)
e On-site customer
e Coding standard

In the second edition [Beck04], XP is described in terms of primary practices:
e Sit together
e Whole team
¢ Informative workspace
e Energized work
e Pair programming
e Stories
o Weekly cycle
e Quarterly cycle
e Slack
e Ten-minute build
e Continuous integration
e Test-first programming
e Incremental design

and corollary practices:
e Real customer involvement
e Incremental deployment
e Team continuity
e Shrinking teams
e Root-cause analysis
e Shared code
e Code and tests
e Single code base
e Daily deployment
e Negotiated scope contract



e Pay-per-use

XP and Scrum are a popular hybrid agile method. XP practices that may be particularly pertinent
to successful Scrum adoption include test-driven development, refactoring, pair programming,
and sustainable pace. Stephens and Rosenberg discuss a number of concerns about XP in their
book Extreme Programming Refactored [Stephens03]. Among their concerns are the potential
for continuous integration to become occasional integration, the customer not to be available as
needed, and teams to not have the generalist skills and competence necessary to do the work.
These concerns are valid for Scrum (and other agile methods) as well.

Risk management is fundamental to successful software project management [Boehm91,
Charette96]. Boehm identifies a set of common software project risks that can act as a starting
point:

e Personnel shortfalls

e Unrealistic schedules and budgets

e Developing the wrong functions and properties

e Developing the wrong user interface.

e Gold-plating.

e Continuing stream of requirements changes.

e Shortfalls in externally furnished components.

e Shortfalls in externally performed tasks.

e Real-time performance shortfalls.

e Straining computer science capabilities.

Many of the practices in the agile methods are mechanisms for managing risks effectively, e.g.,
one-month iterations help manage the risk of requirements volatility. While many of these risks,
such as a continuing stream of requirements changes, are intrinsically addressed in the agile
methods, some, such as shortfalls in externally furnished components or externally performed
tasks, can still be concerns. A potential good management practice is identifying and monitoring
a set of “top-10” risks.

Similarly, concurrent engineering (also known as integrated process and product development)
[Blackburn96, Smith97], is another well-known technique that the agile methods typically
address. Cross-functional teams, a focus on the customer, and the use of lead time as a source of
competitive advantage are intrinsic to the agile methods, therefore agile methods can be

considered a form of concurrent engineering with the caveat that all the needed skills are
represented on the Development Team.

Potential Survey Questions Related to Other Engineering Practices
Does the Development Team do test-driven development?
Does the Development Team do pair programming?

Does the Development Team do simple designs, with refactoring as appropriate?
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Does the Development Team work at a sustainable pace?
Avre risks identified and monitored at the end of each Sprint?

Does the Development Team have all the skills needed to do the work?

11



NEXT STEPS AND FUTURE RESEARCH

This report describes empirical research into Scrum implementation and adoption that is
planned. The next steps are to design the survey instrument, have it reviewed by selected
colleagues from academia and members of the Scrum Alliance, administer the survey to the three
samples, analyze the data, and publish the results. Those results may inform subsequent actions
by various stakeholders in encouraging and enabling Scrum adoption.

The research begins with a Web-based survey, but follow-up in the form of e-mail, telephone
interviews, and on-site discussions is likely to be necessary to clarify the data and expand our
insights. These follow-ups may result in case studies of Scrum adoption by specific
organizations, but those case studies are potential future research that is outside the scope of this
report.

We may reasonably expect this research will spark futher questions that may be address via
additional surveys. Those surveys are potential future research that is outside the scope of this
report.

This research project will focus on industry projects, but the studio projects for Carnegie
Mellon’s Masters in Software Engineering (MSE) program offer the opportunity for focused
case studies. Whether the insights available from a student context are worth actively pursuing
will be discussed with the various stakeholders. Any research conducted in the MSE
environment are potential future research that is outside the scope of this report..
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