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Foreword
      

      
      
      
      Years back, I noticed that Dave Nicolette’s blog had the same subtitle as mine, “Effective Software Development.” This contrasted
         subtly with what seemed to be the dominant interest at the time, efficient software development. I quickly found out that even when our opinions differed, our goals and values tended to be in close
         alignment, and the conversations were always enlightening.
      

      
      I’ve worked with a number of organizations, large and small, in a decade of being an independent software development consultant.
         This work has given me opportunity to observe these organizations in action. The ones that are most stuck are the ones that
         focus on efficiency.
      

      
      Efficiency tends to squeeze the slack out and discourages taking time to wonder and explore. This single-mindedness eliminates
         the opportunity to learn. Learning is reduced to optimizing measures within the local neighborhood of the status quo, often
         to the detriment of valuable things less easily measured. Companies set up systems to gather this data efficiently, sometimes
         at the expense of veracity. If the metrics mania takes hold, they may have programmers take time from programming to collect
         more data, blindly sacrificing efficiency in real work on the altar of efficiency in measuring the work.
      

      
      I’ve seen other companies initiate a metrics program because ... well, because it’s the thing to do. It will improve their
         process, or enable them to manage scientifically, or attain some other vague goal. They generally try to measure as much as
         is convenient to capture. They often start with every metric that their toolset makes available, but they don’t have a clear
         idea of what to do with the numbers they collect. In fact, I’ve seen cases where nobody ever looked at the numbers. They just
         found collecting numbers reassuring, like a child playing with a teddy bear.
      

      
      As they mature just a little, organizational metrics programs start to develop goals for their measurements. I’ve seen obsession
         with efficiency accompanied with using metrics to ensure they are maximizing the productivity indicators that they can easily
         measure. I’ve seen people collect measures to confirm what they already believe. I’ve seen them overlook data that might invalidate
         beliefs or assumptions. I’ve seen them ignore data they have, because it’s not in a form that’s convenient to quantify. I’ve
         seen them use metrics to set targets for managers and workers, falling victim to Goodhart’s Law—a metric used as a target
         ceases to function as a measurement.
      

      
      There are so many ways that we can use metrics to lead ourselves astray. It’s easy to depend on them to make our decisions
         for us, rather than use them to illuminate reality so we can make better decisions. The common problems with metrics programs
         make it tempting to do away with them.
      

      
      Unfortunately, we can fool ourselves just as easily with anecdotes. Measuring things can be a great way to double-check our
         beliefs. Measurements can also uncover phenomena that we hadn’t otherwise noticed.
      

      
      So I had great interest when Dave told me he was working on a book about metrics. I knew it wouldn’t be a run-of-the-mill,
         shortsighted book. And, indeed, it is not. Dave describes here how to use metrics to do our bidding, rather than to be our
         masters.
      

      
      This is an opinionated book. Dave does not catalog all of the metrics he knows. He dwells on the ones he finds effective.
         With each of these, he not only tells us when it’s appropriate and how to use it well, but cautions us about how it can lead
         us astray if we use it clumsily. In addition, he cautions against a couple metrics that are not helpful for steering software
         development projects.
      

      
      In this book, Dave concentrates on two goals of using metrics: steering a software development project to success, and improving
         the process of software development. He provides practical advice on how to meet these goals, advice grounded in years of
         experience. There are examples of using multiple metrics to derive insights into the development process, to stabilize the
         predictability of planning, and to report upwards in the management chain. This book will be a helpful guide to most project
         managers and team leads, and a real boon to those making a transition from a traditional serial development model to an agile
         one.
      

      
      GEORGE DINWIDDIE

      
      SOFTWARE DEVELOPMENT CONSULTANT AND COACH

      
      

Preface
      

      
      
      
      Every published software development process includes recommended metrics to use with that process. So why would anyone bother
         to write a book like this one? Is there any use for this book?
      

      
      Well, have you ever discovered a software-delivery issue very late in the game, when it was too late to deal with the issue
         effectively? Have you ever believed you were tracking the right information to stay ahead of delivery issues, but surprises
         still came up? You’re not alone. From the earliest days of digital computers to the present day, people have been looking
         for reliable ways to detect potential delivery issues early enough to act on them. People still have difficulty understanding
         what to measure and what to do with the numbers they collect.
      

      
      In my consulting work, at conferences and user group meetings, in online discussions, and in reading published material on
         the subject of software metrics, I often encounter people who are frustrated with the challenges of measuring software development
         and delivery work. They measure more and more things and generate more and more charts and graphs, and yet surprises still
         occur. Over the past 10 years or so, I’ve noticed a common denominator in these cases: people aren’t measuring what is really
         happening in their organizations; they’re measuring what they think is happening, or what they believe should be happening
         based on the labels and buzzwords people use to describe their process.
      

      
      During my experiences in helping teams and organizations improve their software-delivery performance, it has become clear
         to me that most people have no idea what to measure. They try to use the metrics that are recommended for the published processes
         they’ve adopted, and they find that those metrics don’t help them steer the work or quantify process improvements. Teams are
         repeatedly blindsided by unexpected delivery risks late in the delivery cycle. Their metrics fail to provide early warning
         of delivery risks.
      

      
      When I began to give talks at conferences and user-group meetings on the subject of software development metrics, I was surprised
         to find standing-room-only crowds who were loathe to leave the room at the end of the time slot. Presentations and demonstrations
         of software development metrics repeatedly drew audiences like that. There seemed to be a general lack of understanding of
         what to measure, how to measure it, and what to do with the results. I began to collect information about metrics that I had
         used effectively with software development teams, and metrics that colleagues in the field had used.
      

      
      A common problem I encounter in the field is that people aren’t sure how to determine which metrics will be helpful in their
         context. Not every metric applies to every software delivery process. Based on observation and experience, I came up with
         a simple model that identifies key characteristics of different software delivery processes, regardless of the buzzwords people
         use to describe their process or the published framework people believe they are following. Based on that model, people can
         identify the metrics that may help them and the metrics that probably won’t help them.
      

      
      There were, and still are, many references about metrics that approach the topic from a theoretical or statistical perspective.
         Although these are interesting and possibly useful on an academic level, people involved with software delivery generally
         find them hard to apply to everyday work. It occurred to me that it might be useful to compile some of the practical information
         about metrics in a central place and to organize the information around common real-world situations.
      

      
      I was familiar with Manning as a technical publisher, and I had found practical value in several of the company’s books, so
         I thought it might be a practical-minded publisher for information about software metrics. I discussed the idea of the book
         with folks at Manning, and they were interested in pursuing it. The project took much longer than I expected, but at long
         last here is the result. The goal was to prepare a sort of “survival guide” for people close to the work who need to detect
         potential delivery risks early in the delivery process, or who want to quantify the effects of their process-improvement efforts.
      

      
      Toward that end, this book presents a compilation of practical metrics to help steer software development work, to track delivery
         performance, and to monitor the effects of process improvement efforts. It isn’t based on abstract theory, statistical methods,
         or earlier literature about software metrics. It focuses on ground-level work and doesn’t deal with enterprise-level measurement.
      

      
      The book also presents a number of anti-patterns, or common mis-applications of metrics. All too often, when we measure the
         “wrong” things, we create unintended incentives for people to behave in counterproductive ways. It’s useful to be aware of
         the potential behavioral effects of metrics.
      

      
      There’s another use for metrics, besides tracking progress toward a goal. We’re often interested in improvement: changes in
         organizational structure, role definitions, arrangement of team workspaces, process, methods, collaboration, technical practices,
         tools, collocation versus remote work, or something else. Many people change things without measuring the impact of the changes.
         Others measure the rate of adoption of new practices, but not the impact of the new practices on results. Some metrics can
         help us understand whether the changes we try are actually improving our delivery effectiveness, the quality of our software,
         or the quality of our working lives.
      

      
      My hope is that this book presents this information in a way that you will find easy to put to use in your own development
         processes.
      

      
      

Acknowledgments
      

      
      
      
      This book summarizes lessons learned in the field. It’s hard to say where each lesson came from; I haven’t been keeping track
         of that over the years. In some cases, I happen to know who created (or first published) a given metric. Those individuals
         are named in the text. Some are professional colleagues who do the same sort of work as I do; others were client personnel
         who came up with practical metrics in their own context. If I tried to recall all the names, I would surely forget a few and
         they might be offended. So it’s better not to name names. In most cases, I don’t know who created the metrics or exactly where
         I learned them.
      

      
      It’s easier to acknowledge those who directly encouraged me to complete the book. First on that list is my wife Lourdes, who
         encouraged me to keep at it nearly every day for the past few years. Some of my friends and colleagues were aware that I was
         working on the book, and they also nagged me on a fairly regular basis to complete it.
      

      
      I must say that Manning had a great deal to do with the fact this book ever saw the light of day. The folks there talked me
         out of abandoning the project on more than one occasion. I burned through two of their editors before finding one who could
         get the work out of me: Cynthia Kane. Special thanks to her and everyone else on the Manning team who worked with me during
         the writing and publication process. Thank you also to George Dinwiddie for contributing the foreword to my book.
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About this Book
      

      
      
      
      Metrics are a necessary evil. Measurement is easily the least interesting aspect of software development, and yet without
         it we have little chance of delivering anything useful. But nearly everyone I meet in the software field is at a loss to know
         what to measure or how to use the measurements. The standard metrics we all learn in school often fail to help us in the real
         world. Whenever I give a talk about metrics, the room is filled beyond capacity and people stay beyond the allotted time.
         I’m always surprised, because this isn’t an inherently interesting subject. People need practical metrics that are a fit for
         their situations. I can’t claim this book will be a fun read, but I do think it fills a gap that sorely needs to be filled.
      

      
      This book approaches the topic differently than others. It’s neither an academic study of metrics nor a survey of existing
         literature nor a sales pitch for metrics intended to accompany a published software-delivery framework. Rather, it’s process-agnostic
         and offers advice to help you recognize how the work flows in your organization, regardless of labels and buzzwords, so you
         can choose or create metrics that can help you steer development work toward a goal or quantify the effects of improvement
         efforts. The book doesn’t ask you to change your organization; it’s meant to help you survive in the organization as it currently
         exists. It doesn’t suggest what you should measure, but rather what you can measure in light of present organizational realities.
      

      
      
      
Roadmap
      

      
      Chapter 1 reviews a few fundamentals about measurement and metrics and introduces a practical model for understanding how work flows
         in an organization. This model can then be the basis for selecting metrics appropriate to your situation. There’s a brief
         description of the two purposes of metrics—to steer work in progress and to guide improvement efforts—and the three functions
         of metrics—informational, diagnostic, and motivational—and a review of some basic concepts like leading and trailing indicators.
         Then a few concepts are introduced that may be less familiar, such as the notion of forward-facing and backward-facing metrics,
         and the idea of pragmatic measurement.
      

      
      The chapter covers the differences between traditional and adaptive development, which needs clarification because many people
         conflate these concepts with specific process frameworks or methodologies. I also describe four reference models for software-delivery
         processes. By correlating your reality with these reference models, you can select appropriate metrics for your context. Finally,
         the differences between running discrete projects and doing continuous delivery are described. This factor also has an influence
         on your choice of metrics.
      

      
      Chapter 2 describes metrics that are useful for steering work in progress. They’re presented in no particular order, except that metrics
         relevant to traditional development are presented first, and metrics relevant to adaptive development appear later. The order
         of presentation implies nothing about which approach you “should” use. They’re loosely grouped that way so you won’t have
         to go on a scavenger hunt to find the metrics that apply to the way in which software is delivered in your organization.
      

      
      In chapter 2, I use a template at the beginning of each section to help you recognize whether that particular metric is of interest to
         you. That way, you can skip the sections that aren’t relevant in your context without wasting a lot of time reading. The template
         contains the following:
      

      
      

      
         
         	
Question(s) answered —What questions can this metric help you answer?
            
         

         
         	
Description —A brief description of the metric.
            
         

         
         	
Value —What kinds of value can you obtain from using the metric?
            
         

         
         	
Dependencies —Traditional versus adaptive approach, process model, and delivery mode for which the metric is meaningful.
            
         

         
         	
Success factors —Any special considerations that must be met for the metric to serve its purpose properly.
            
         

         
      

      
      For most metrics, chapter 2 describes common abuses, or anti-patterns. The anti-patterns can give you a sense of how the misapplication of a metric can
         lead to negative outcomes. This may help you use the metrics appropriately. I’m not aware of any other published material
         about metrics that even acknowledges misapplication is possible, let alone describes how it can happen. I suspect this is
         because most books about metrics are trying to sell you the metrics the author happens to like or those that are supposed
         to be used with the process framework the book proposes you use. This book is only meant to help you select and apply metrics
         that fit your context. I explicitly avoid recommending any process framework or methodology. I do have opinions about that,
         but that isn’t the purpose of this book.
      

      
      Chapter 3 is about metrics that can be useful in guiding and quantifying process-improvement efforts. This can be a bit more complicated
         than tracking progress toward a delivery goal. To achieve improvement, you must change your development practices and delivery
         methods. You need to be aware of process dependencies that can break metrics when you change your process. The chapter also
         explains how some metrics can be used to track progress and to quantify improvement, and how to use them for each purpose.
         In addition, two categories of metrics apply to measuring improvement but have no role in tracking delivery. Technical metrics
         help you understand the quality of your code base. Human metrics help you understand how team members feel about their work;
         it turns out this is important for effective delivery.
      

      
      Chapter 4 assembles some of the building blocks presented in chapters 2 and 3 to show how multiple metrics of different types can shed more light on a situation than any single metric alone. It would
         be impractical to include every conceivable combination of metrics that you might apply. I’ve tried to make the chapter useful
         by focusing on patterns that I’ve seen many times in industry. These may be of direct use to you because they’re so common.
         I hope they also provide examples you can use to combine other metrics in practical ways.
      

      
      Chapter 5 focuses on a single aspect of managing software-development work: predictable short-term planning. Metrics play a large role
         in planning. Stakeholders appreciate predictability more than they appreciate speed of delivery. They will accept reduced
         scope more readily than they will accept repeated disappointment. Many, if not most, people involved in software development
         have a great deal of difficulty with predictability. Many teams resort to guesswork; gut-feel predictions; bottom-up, time-based
         estimation; coerced “commitments”; or just plain hope to determine how much work they can deliver in the next stage of delivery.
         None of those methods is effective. This chapter describes various ways to achieve predictable short-term planning based on
         measurement and discusses pitfalls of doing it wrong.
      

      
      Chapter 6 deals with your interaction with the organization beyond your own team or teams. What do senior management and business stakeholders
         need to know, and what do they not need to know? How can you provide the information they require with a minimum of effort
         on your part and without disrupting your teams’ ability to stay focused on the technical work? Some organizations define standard
         metrics they require from all projects. Some of those metrics may be completely meaningless. If I assume you aren’t in a position
         to change those standards, you can at least recognize which metrics are worthy of your time and which aren’t.
      

      
      
      
      
Downloadable spreadsheet
      

      
      A spreadsheet accompanies this book and is available for download from the publisher’s website at www.manning.com/software-development-metrics. The spreadsheet contains the base data and formulae for most of the metrics described in the book.
      

      
      
      
      
      
Who should read this book?
      

      
      This book is meant for people who are on the front lines of software delivery and who want to be prepared to answer questions
         about progress and/or about improvements in delivery effectiveness. Job titles vary, and there’s no single title that unambiguously
         identifies a person who might benefit from the book. In a traditional environment, the title Project Manager or Line Manager
         often describes a person in this position; but sometimes these titles denote higher positions (that is, disconnected from
         the day-to-day work). In organizations that use a more contemporary approach to software delivery, titles like Team Lead,
         Project Lead, Technical Lead, Scrum Master, Iteration Manager, Delivery Manager, and Delivery Lead may be used. In organizations
         that apply the concept of self-organizing teams, there may be no specific job title with responsibility for tracking progress,
         and it’s a shared responsibility or a rotating responsibility of team members.
      

      
      Whatever their titles, the book is for people who have direct responsibility for delivery for one or more teams and who are
         in direct touch with the day-to-day work. It offers help in using metrics to answer questions like, “Are we delivering what
         stakeholders need?” “Are we going to run out of money?” “Are we going to run out of time?” “How much of the planned scope
         can we deliver by date X?” and “Has our latest process change resulted in improved delivery performance?”
      

      
      It may be easier to describe people who aren’t the target audience. The book isn’t aimed at mid-level or upper-level IT managers or business stakeholders of the IT department.
         It doesn’t deal with program-level or enterprise-level measurement and tracking.
      

      
      
      
      
Author Online
      

      
      The purchase of Software Development Metrics includes free access to a private web forum run by Manning Publications, where you can make comments about the book, ask
         technical questions, and receive help from the author and from other users. To access the forum and subscribe to it, point
         your web browser to www.manning.com/software-development-metrics. This page provides information on how to get on the forum once you are registered, what kind of help is available, and the
         rules of conduct on the forum.
      

      
      Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between
         readers and the author can take place. It isn’t a commitment to any specific amount of participation on the part of the author,
         whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions
         lest his interest stray!
      

      
      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s web site as long
         as the book is in print.
      

      
      
      
      
      
About the author
      

      
      Dave Nicolette has worked in the software development field since 1977. He has undertaken many roles associated with software
         development and delivery, and has used most of the well-known processes and methodologies, from traditional SDLC to contemporary
         lightweight methods. Since 1984, Dave has worked mainly as a contractor or consultant. As a result, he has experienced a wide
         variety of software-development environments, methods, and tools. This experience gives him practical, ground-level insights
         into the conditions that enable a given measurement to provide useful information.
      

      
      
      
      
About the cover illustration
      

      
      The figure on the cover of Software Development Metrics is captioned “Man from the Island of Mljet, Croatia.” The illustration is taken from a reproduction of an album of traditional
         Croatian costumes from the mid-nineteenth century by Nikola Arsenovic, published by the Ethnographic Museum in Split, Croatia,
         in 2003. The illustrations were obtained from a helpful librarian at the museum, which is situated in the Roman core of the
         medieval center of the town: the ruins of Emperor Diocletian’s retirement palace from around AD 304. The book includes finely
         colored illustrations of figures from different regions of Croatia, accompanied by descriptions of the costumes and of everyday
         life.
      

      
      Mljet is the most southerly and easterly in a string of islands in the Adriatic Sea that belong to Croatia. The island is
            sparsely populated and large swaths of it are covered by forests that are part of a national park. The figure on the cover is dressed in the everyday costume typical for this region—dark blue wool pants, a black vest over
         a white linen shirt, and a large black hat that completes the outfit. He is smoking a pipe and holding a long-handled axe
         used for cutting brush and firewood.
      

      
      Dress codes and lifestyles have changed over the last 200 years, and the diversity by region, so rich at the time, has faded
         away. It is now hard to tell apart the inhabitants of different continents, let alone of different hamlets or towns separated
         by only a few miles. Perhaps we have traded cultural diversity for a more varied personal life—certainly for a more varied
         and fast-paced technological life.
      

      
      Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity
         of regional life of two centuries ago, brought back to life by illustrations from old books and collections like this one.
      

      
      
      
      
      


Chapter 1. Making metrics useful
      

      
      This chapter covers

      
      

      
         
         	The difference between measurements and metrics
            
         

         
         	What we mean by pragmatic metrics
            
         

         
         	Trailing and leading indicators
            
         

         
         	The purpose and functions of metrics
            
         

         
         	Factors to consider when choosing metrics
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