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Abstract

For the development of software products, agilanepes have revolutionized the field over the plasade,
especially in uncertain or changing environmentsictvare just where innovation is most likely taoc How can
similar approaches be applied to other kinds ofgats that face uncertainty or turbulence? This@mnéation will
answer this question, concentrating on project mameent aspects of the project. Initially, we ddsethe
environment that supports flexible developmentiuding people and team factors, keeping optionsppmking
decisions at the last responsible moment, andiogefiéxible processes. Then we show how flexilriejgct
management contrasts with mainstream project maneugie specifically how you manage changing requéinets,
plan a project that is certain to change, and howmanage risk in such a project.

Introduction
Over the past decade, agile methods have revoip¢idnT and software development projects, resglitn
impressive successes, especially in volatile oettai environments. However, software projectsoautg a small
part of the project management world. Can the sgcoéagile be translated into these other typgsajécts?
Non-software projects share many of the same cigale that agile has resolved for software projects:
e turbulent environments in which changes inevitdtdppen at the most unwelcome time
e unstable requirements that are never complete

e customers who don’'t know what they want until tiseg it

e technology that moves faster than the project eantr

nimble competitors who put the project manager éortinual catch-up mode

Despite the common challenges, agile technique's loartranslated directly into non-software progedagile
depends on several unique characteristics of softveaich as object technologies, automated testimdjthe ability
to make incremental changes quickly and at low. ddsh-software projects don't have the benefittheke
characteristics; however, agile provides wondarfsiight into understanding how to deal with chadss paper
covers a set of tools inspired by agile but budt the ground up and specifically designed for-software
projects.

Based on the research into flexible product deveka techniques and inspired by a decade of agiler&nce,
these practical tools will help you make your noftware projects more flexible so that you can:

lead volatile projects in the chaotic world of tineovation in which change is inevitable

accommodate emerging and changing requirements

take advantage of changes and reduce the disrnptiseof changes

e be more responsive, roll with the punches, or digtlead the change!
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e create an environment for innovation and breakitinsu

Due to time constraints, we concentrate on thelikty techniques most closely associated withjgco
management. For a more complete set of tools dailfle product development, see the related booit($ 2007).

The Environment for Flexibility
Put the People and Team First

As usual, the people on your team are the mostritapbfactors in success. In a flexible projedis th doubly true,
because team coordination and communication aré stinaulate progress and, in a turbulent environmeérere
nothing stays the same, coordinating those doiagvbrk is doubly difficult. We know that you havieemdy
devoted great effort to building a strong team,thatteam factor is so important to success imtlust of chaos
that we cover some of the foundational principlghtrat the outset.

The Right People

Some people are comfortable walking on unstablemt@nd some aren’t, which is partly due to perkstyée.
Some people thrive under the excitement of constasmge and some are uncomfortable with it, seekiagefuge
of a plan and structure. Clearly, those who neablility in order to proceed will be ill suited tochanging
environment and this should be recognized upfrgrtidth them and the project manager.

But there is an experience factor involved, toastair Cockburn, a leader in the agile softwareld,dnas identified
three categories, which he calls “mastery levelxigkburn, 2002, pp 14-18):

e Level 1:; Following. These people are able to and are comfortablefalitwing a single specified
method. They do not have the confidence or indlimatio vary from this method or to choose between
methods.

e Level 2;: Detaching.They have seen the approach of Level 1 fail endimgds to know that it is not always
the best way to go; thus, they are capable ofrguliway to some degree and considering multiple
specified methods, but they still need a frameworfollow.

e Level 3: Fluent. These folks have been around enough changingeemagnts that they are able and
willing to improvise and adjust to building whatriseded without reference to a provided structuaréact,
they may become bored and do poorly if requirebiiow a specified plan.

Level 3 people are a scarce resource and shoupthbed carefully in a project that is likely to éachange. Seed
them in parts of the project in which you expecheed change in order to achieve your business goal use them
to bring Level 1 and Level 2 people up throughréneks.

Commitment and Dedication

These are two distinct but related qualities thatespecially critical to success in the fog ofrcd& We like to
think of commitment as “skin in the game,” thattlee participant has something significant to loibskee project
fails. In today’s “team” environment, especiallylémge teams in large companies, many specialiaisminor
roles, and these members’ contribution is uncleaabse it is so small and because there are abtlagsprojects.
This commitment factor is what distinguishes a higinformance team from an ordinary workgroup (Kakazh
and Smith, 2001).

Dedication, as we use the term, means full-timelvement on one project—a rarity and maybe evarxary in
many companies. Clearly, it is related to commithietause a dedicated team member is more likedg to
committed to that project: more skin in that gaBuet there is a more important reason for dedicaitica changing
environment. When change is continual, a dedicegath member can keep up with the “latest newshasge
occurs. One who isn’t involved continually will Falehind, and others will waste valuable projecigtibringing this
part-time member up to date. If the team has manmt/tpme members, it also has a big updating burden
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Adequate Authority

Countless decisions must be made in a projecteant of these requires a certain amount of auyhtaritnake such
a decision. Exhibit 1 illustrates decision typesmected with a product development project. Thislisng list, and
you could probably expand it even further. Cleati team needs a certain amount of authority tkendecisions,
or progress will be slow as it obtains managemppt@val for each decision. This is especially catiin a shifting,
foggy environment, in which decisions arise freglyemeed resolution quickly, and require infornoatithat the
team is more aware of than management, when citamees are changing rapidly.

Financial Control Select vendors and suppliers

Prepare project expense budget
Modify project expense budget
Prepare project capital budget
Modify project capital budget
Use project capital budget
Authorize travel
Pay for manufacturing variances
Establish delegation limits
Cancel project

Management of People
Prepare staffing plan
Modify staffing plan
Select team members
Hire team members

Remove team members
Evaluate team member performance

Manage vemahar suppliers
Operational Gantr
Select profhatures
Modify produUeiatures
Determine pro@uchitecture
Set reuse objectives
Make relesgsibns
Make design outsing decisions
Prepare project schedule
Modify project schedule
Select developmerdtion
Determine layout of teavork area
Determine agenda of mea@tings
Select development methods

Modify development nutho
Selecheagng tools

Seldgptesedures

Modify testquures

Deteenérst criteria

Set doctatien standards

Select manufagtsite

Select manumfagtprocesses

Set quatdpdards

Set manufiacfyield targets
Set managempottirg requirements

Determine team member compensation

Determine team member bonuses

Provide recognition to team members
Management of External Relationships

Select key business partners

Manage key business partners

Select key technology partners

Manage key technology partners

Select outside contractors

Manage outside contractors

Exhibit 1 — Types of Project Authority
Exhibit copyright © 2003, Reinertsen & AssociatBsrived 7/21/03 from Figure 6-4 of
Managing the Design Factory by Donald G. Reinertsen. The Free Press, 1997.

There are two ways to use this chart. One use stemsour observation that often a decision is gethbecause
the organization is unsure about who should makdanhagement assumes the team will handle it, ladeam is
waiting for management to make the decision and tie permission to proceed. To avoid such sitnsfilmok at
this list—or, even better, create a similar listyour organization—and decide in advance with rgangent
whether the team or upper management has the @ytttomake each decision type.

The second application is for the team to consiéeh item on the list and pick out a few areas a/ftetoes not
believe it now has authority for certain decisits could proceed much more effectively if it diavie such
authority. Then it can discuss these areas withag@ment in hopes of enlarging the team’s authorigyfew
critical areas. A important factor to remember Herhat not only can the team make faster decssifothey are
made internally, but they will be better decisitvesause only the team has the freshest informatianturbulent
environment. Also, team members will be more highlgtivated to make its decision work if it is thdicision
rather than management’s.
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In the Same Space

Several factors are leading contemporary produatldpment teams to become more geographically disge
e Corporate operations and markets are becoming giobal.
e Companies acquire new units in new regions.

e The competitive environment pushes companies taimlte best talent from wherever it is locatethi
world.

e Similarly, economics suggests acquiring talent figherever you can obtain it most economically.
e Communication technologies now allow better comroatidon at a distance.

Much has been written about modern “virtual” teasmne of it emphasizing the opportunities for disjps that
technology is opening for us and some more reedillyi addressing the difficulties encountered is tiew mode of
operation (Duarte, & Snyder, 2006).

We work with development teams facing dynamic emvinents and repeatedly encounter the weakened and
delayed communication that occurs as teams opatatelistance. This is a difficult issue, becabsee is some
very good evidence for the value of co-locatingrtedSmith, 2007, pp 141-146), but in contemporaogpct
development teams it is increasingly difficult to. dFor the same reasons, it is perhaps the mdié farea in which
you, the project manager, can improve your teamifopmance. Let's cover some of these opportunities

First, if your team is divided between metropolitaras, co-locate members in the same metropalia) which
means, that all cross-functional (engineering, retank), manufacturing, supply chain, and other) fioms on the
team are within conversational distance (30 fediCometers). Because product development decisisunslly
involve input or concurrence from different funetf having them all in one place speeds up andowvegr
decisions greatly. If you are not able to do thisthe entire project, try to do it for the criti¢aitial phases of the
project or for subsets of your team.

Analyze the communication patterns of your teanusing directed graphs to understand where the ésiavi
communication links are, or should be, and thee tak steps to ensure that these communicationgvarare co-
located.

Finally, arrange your product’s architecture to chagour geographical dispersion so that the hetwvies
communication occurs within product modules beiagafoped by a co-located team, and the interfaectgden
these modules simplify communication between teanasdistance. Detailed guidance on these co-totati
opportunities and on product architecture are alsbel (Smith, 2007).

Apply Flexibility Selectively

Flexibility is not a universal blessing: It is & € tools and techniques that can be applied égeptsselectively to

deal with uncertainty or the anticipated changes dertain part of the project. The reason forighibat flexibility
has its price, as we will discuss below. Consedyedévelopment processes must be adapted to tide lkication,
and timing of anticipated changes.

Flexibility Pays Off When Change is Frequent

Many managers are anxious about flexibility becaulsaves loose ends, which seem to be open tiosiis for
budget overruns and slipping schedules. We betieafeflexibility, when properly applied, actuallgduces the
range of likely outcomes in a project when uncettais involved.

Here is an example. Suppose your firm markets lBaygmponents and currently you are working onva wleel
hub. There are two styles of hubs for spoked wheledsso-called “narrow flange,” where the hub'ell

diameter is about 45 mm (1.8 inches), and the “Mlalege” style, which is about 75 mm (3 inches)p&ar belief
is that wide flanges improve torsional stiffnessr{gficial) but, in fact, engineering calculatiorsrbnstrate that
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narrow flanges provide plenty of torsional stiffagso the extra flange simply adds weight and nantufing cost
(Brandt, 2002, pp 61-62). After some initial dissiog, the team decides to proceed on this conts@igyoint by

applying good engineering judgment and developingraow-flange version. This is what the projecike like at
this point and this is how it is budgeted and p&hn

Cost Time
Develop and test narrow flange $100,000 3 months
Total $100,000 3 months

About two months into the project, after visitimynse bike distributors, marketing decides that wildage hubs
will sell better so they redirect the project freime narrow-flange plans (which are now sunk castghat it now
looks like this:

Cost Time
Develop and test narrow flange $70,000 2 months
Develop and test wide flange $100,000 3 months
Total $170,000 5 months

Now, the project is two months late and $70,000 ewglget. However, when the team encountered tidertainty,
they could have operated more flexibly to avoid nofghe project disruption.

In the planning stage, when the uncertainty abmflange arose, the team instead could have fthiyges an
uncertainty and kept it open until it was resolvecthis case, the team could have built prototygfetbe two
configurations, or simply bought competitive sanspdé the two configurations and showed them tossodment
of customers, including the distributors. Then, wkige market preference became clear, they cowld paceeded
with one design that would have been final. By diela the decision on this uncertainty, the projgcture now
looks like this:

Cost Time
Prototype and show both options $20,000 0.5 month
Develop and test the preferred one $100,000 3 month
Total $120,000 3.5 months

This approach costs a little more than the firg dnhe team happens to pick the correct optiom,jfomuch
cheaper than picking the wrong option. This appnaaso has the advantage of greatly reducing tBeg0$D and 2-
month variance in outcomes between the first tvetupés. In addition, the project would finish ordiget and on
schedule, because the prototyping would have bieemed into it.

In summary, a relatively small upfront investmanprototyping and market research resolved an taiogy that
could have been very expensive later on. The aftieis extra upfront insurance premium dependbam likely
the uncertainty is. This is how the likelihood afcertainty in your project should influence how avitere you
apply flexibility tools.

Plan to Keep Looping Back

A fundamental difference between agile softwarestiyment and its traditional equivalent is thaleagperates in
tight loops (iterations), whereas more traditiom&thods make one long pass through a sequencepsf sthich is
called a waterfall process. Such iteration is net gn accident; it is an essential means of dgefifectively with
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change. The idea is to do a small but completefhitork, demonstrate it to customers or customenogates, and
then repeat this loop for the next bit of work. Titezations allow you to check regularly that wiiati are doing is
heading toward your desired goal, even as theiteurader you shifts.

Iteration is an obvious feature of agile softwae@elopment. Agile teams choose an iteration lengttich can be
from one to six weeks (typically, two weeks) anéytluse this pace like a metronome for the entiogept.

For non-software projects, this is not so easyabse it is usually far more difficult to divide nenftware
development into small pieces that can be complietedemonstration in a few weeks. Just buildingaaking
model of the latest features repetitively on a eyfla few weeks can be either impossible or pittdby
expensive. For non-software products, the cycldéisilonger; nevertheless, it is essential to finday to work
iteratively and be able to demonstrate a workinglehof the product on a regular basis. Without ifgigation, you
will become stuck in a rut and unable to make charegsily.

Keep Critical Options Open

Sometimes making decisions early in a projectge@d thing, because it increases the number ofestatchor
points that the project team can use to make smutsef chaos. Clearly, having many loose ends léaddown
budgets and schedule slippage; however, makingidesi early in a rapidly changing environment hafmaidious
consequence because it may unnecessarily poditoproject in a corner when things inevitably crearin
important part of building and maintaining flexibjlis to keep options that might change open, Wwiénds to run
counter to the way project managers think and gpeeted to act. Project managers are usually paidake
decisions and to prune unnecessary paths, leagliwbat seems like greater certainty in their prigie€ortunately,
there is a middle ground, called the “last resgaesinoment,” which allows project managers to dthlsufficient
stable anchor points by making early decisions|eniéferring other decisions to retain maximumibdity.

The Last Responsible Moment

This is a technique for identifying and keepingiops open on critical decisions that might chareger| such as the
decision on hub flange-width, as discussed eadiad, this process is to

e identify a decision that is uncertain at the mon@amt that might change later as new informatioseari
e determine when this decision will have to be madavoid incurring great consequences

e schedule this point as thast responsible moment for this decision

e start collecting information to help make a bettecision by the time its last responsible momerives

Several conditions can determine when the lasbresple moment occurs, such as an important ojgtxpiring or
project cost rising abruptly at a certain poirthié decision is not made (Smith, 2007, p 155); hsuhe last
responsible moment is the earliest time out obathese conditions.

The last item above is critical for distinguishiting last responsible moment from procrastinatisacRstination is
simply being lazy about making a decision—puttingff because this is the easiest thing to doointrast, the last
responsible moment is an active process in whichaye busy collecting information so that you Wil as ready as
you can be when decision time arrives.

Making decisions this way has two benefits. Thstfis flexibility. By definition, carrying a decisn until its last
responsible moment is not expensive, and it previgel with opportunities to change direction as ks possible
without incurring unreasonable costs. Second, d&deg decision this way allows you to make a bettarision
when the time comes, because when you make thsigecyou will be working with the freshest, mostplete
information available to making it.

Flexible Project Techniques for a Chaotic World
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Managing a project in a flexible way violates masgumptions and behaviors that project managegdlyisuing
to a project. The normal assumption, which is dbtupiite effective in a stable predictable enviment, is that
change is costly and leads to variations from the p project outcomes, so the wisest approatt figil down
everything connected with the project as early@ssible and follow that route to project completidhe implied
objective is to finish the project as close as a0 the original plan.

However, product and service development are abaovation, and innovation is about changes froendkisting
order of things. In short, if you aren’t changiggu aren’t innovating. Unfortunately for the prdjecanager, much
of the new information leading to changes arriviésrdhe project starts:

e Designers find better ways to configure the product

e Engineers discover that a new technology’s claimsaerstated.

e Marketers observe that a competitor is offeringatdre they hadn’t considered before.

e Customers, when trying a prototype, find it hardise and thus suggest improvements.
Flexible project managers, in contrast, assumecttatge will happen and organize their projectertngly.
Accommodate Unstable Product Requirements

Mainstream product development theory tells us phatiuct requirements (often called specificatiastsjuld be
derived from careful market research done earthénproject and then fixed so that developers atelmasing a
moving target. In a stable world, if the markete@sh is done carefully, this approach should henhd, it will
certainly be less disruptive than shifting requiesnts. Most product development textbooks advotatetigh
upfront market research and “frozen” product regients. However, in the real world of innovatidnis tstatic
view of creation seldom holds, and, in fact, reseahows that ibever does (Smith, 2007, p 32). So, rather than
assuming frozen requirements and being caughtuaffcgwhen they inevitably change, why not plancteeinge?

In general, there are two ways for the project gan#o deal with changing requirements. One ip&rHdy the
product at a higher level that is less subjecti@ange, and the other is to keep in touch with cosets and users
throughout development in order to provide an eadyning system.

Defining the product at a higher level means ndiniteg detailed features of the product itself—dlstthat are
likely to change—but instead defining how the pretduill be used or the kinds of people who will usesuch
views of the product are less likely to change ey allow more flexible interpretations at theigadevel as
designers move forward. Here, we can draw fronstitvare development literature. For years, sofwar
developers have used a technique called “use tasegyich they define how the user will interacitivthe product
in a step-by-step fashion, much like a recipe. &gbftware development, which has focused on chgngi
requirements, has broadened use cases to a teetuatied “user stories” (Cohn, 2004). Cohn obsetliasthe
critical part of a user story isn't the story ifs@lhe story is really just a reminder to the depelr to have
conversations with real users when starting to ld@vinat part of the product. Thus, the user stowry perfect
example of making decisions on design detailsataht responsible moment. An alternative to uteies for
defining the product at a higher level is “persghaswhich developers create detailed archetydesistomers,
carefully culled from thorough market research, trah they design the product to suit these pess@@aoper,
1999).

There are many effective ways to keep in touch witstomers during development, and we find thatpzoies
doing this well have found customer connections & unique to the firm’s business, market, aritlicer For
example, program managers at a manufacturer of lesrmaval electronic equipment send their develagme
engineers to do “ride-alongs” with users of theipment. In this way, the developers learn abouttwisars really
need but may not be able to articulate. In ancpproach, 3M applies a technique developed in aciadealled
the “lead user method,” in which you can predichéorow’s changes by talking to advanced users tgdary
Hippel, et al., 1999).

Plan the Project Expecting Change
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Mainstream project management generally followspiteemise that thorough planning upfront is the nest to run
a project. In fact, in many organizations a congldetailed project plan is required even to obag@iproval to start
the project. There seems to be comfort in havidgtailed plan, even if it is fictional; from this should come as
no surprise that many project managers spend ti@ritgaof their time at their desks, updating tHarpas events
change (we will have more to say about this ugentd in the next section). When change is the noreproject,
there are more effective ways to plan and we ctwerof them.

The first method is “rolling wave planning,” in wdii only immediate activities are planned in detaill the rest of
the project is planned in much less detail (Gith@®97, pp 397—415). As the project rolls forwaha, detailed
planning also rolls forward just ahead of it. Altlyh this seems simple, there are two importangthto keep in
mind. One is that when you plan work grossly, yeudtto underestimate because you miss time-congutheitails.
You can compensate for this bias by reviewing spast projects that were planned grossly to comibere
estimated project duration with the project’s atthaation to compute a compression factor thatge use to
correct time estimates for future projects. Theeothing to keep in mind is that gross planning plachning “on the
fly” run counter to the culture in many organizasathat take comfort in detailed plans. You mayoemnter
resistance to this logical technique at many levels

The second way of planning under heavy changeas#-tight planning,” which is the approach takeagile
software development. Agile projects are typicaliywducted in short iterations (often called spjiofsone to six
weeks, typically two weeks. An iteration is planrest when it starts, and future iterations areudeplanned.
During the iteration, the team follows their plaghtly, and the loose period between iterationsvedl all future
work to be completely replanned by working fronish of desired product features that is re-pripeiti between
iterations. This is a radical application of thea¢ Boeing, when developing their 777 airliner,dugenore moderate
approach, wherein they alternated between loosedseof design and tight periods of stabilizatiowl &ntegration.

Manage Project Risk Continually

Nearly all the abundant sources on project riskagament suggest a procedural approach to managirgjezt's
risks: first identify the risks a project facesabmze and compare, then prioritize them, and, liinshke action
against the most serious ones and monitor yourrgssgagainst your risk resolution plans. This agginds most
effective when there is a relatively stable projgan in which you can identify the project’s riskisthe project
plan is in flux, the procedural risk managementrapph will miss important risks that emerge duting project.
Even a regular rescan for new risks, as good peeimcourages, is unlikely to keep up with a fasirging project.

In a turbulent environment, a procedural approadtisk management must largely shift to an intdrmie. By
intrinsic, we mean that everything you do to manage thesptr@g done to manage its risk. You keep in touith w
customers to manage the risk of requirement chayoescreate your product’s architecture to femcareas of
design changes (Smith, 2007, pp 57-84); you doolioéxperimenting, testing, and prototyping throoigito
understand what might change and by how much (S2@®7, pp 85-106); you staff your team with an tyeard
resource shifts; you keep in touch with supplierfotesee changes in your supply of components;yandcreate
team communication tools, such as daily stand-ugtimgs, as an early-warning system for unforeseeblgms.

In a turbulent environment, the project managetishle job is risk management and it helps to be pdianoid.
Weick and Sutcliffe explain how this is done by elyving people who constantly face unexpected sitnat\Weick
and Sutcliffe, 2001). At this point, it should Hear that spending time at the computer continualgiating the
project schedule is the antithesis of this style fl@xible projects, the project manager shoulebeon the floor
continually “taking the pulse” of the project whileatching for tomorrow’s changes.

This is not to say that there is no place for a&pdural approach to risk management. Turbuleneptsjstill have
some risks that can be identified well in advanue that will probably persist for much of the pratjeA procedural
approach should be applied to these projects hieubalance must shift mostly toward the intringipraach.

Summary

Although some of these techniques may not seemragligal, they amount to quite a different stylartimormal in
the industry and will probably run into resistafficen the organization’s cultural norms. Such cudtwwhanges are
likely to be the most difficult aspect of shifting a flexible style.
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