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ABSTRACT

During last yearsthe most successful ICTrapanies has adoptedgile
methodologies. What happenshen these methods are used in totally
different industry? Rapid product development cycles amdanaging
continuouslychanging priorities are key attributes gevelopinghighly
customizedproducts Aim of this action researchwas to understand
whether Discrete Manufacturing and Assembly Companysoduct
development processequired changs, coulddesignwork benefit flom
agilepractices how new opeation model can be implemented anvdhat
kind of reslts it will deliver.

Qualitative sembtructured interviews were used to understand current
situation and requirement for changeln parallel,a literature and media
studyweremade ofmethodologies with highest adopticand growth and
industry specificapplicatiors. Based on this informatigna framework
comparisonaccordinga dzo 2 fréddnuisitesand a recommerdation of
most suitable frameworks was made. This wafollowed by a new
operating model description, implementation of neéged tools and
introduction of new model.

After and beforesurveys and comparison adesignrelease volumes for
past two yearsvas conducted tevaluate the changempact. Based on
the results afollowing conclusion was made. Using agikethodology and
practices led intancreased process claritpetter supportfor design of
high-quality products and increased transparency and communication
perceived byprocess contributorsThere was nosound evidence for
productivity gains as effects of other factors could not beuled out.
However,gainsthrough continuousmprovementcannot be excluded
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TIVISTELMA

Poikkeuksetta viime vuosien menestyneimmat 1GYritykset ovat

hyodyntaneettuotekehityksessaan ketteria meneteléniMiten kay, kun
samoja menetelmia kaytetddn kokonaan toiselléoimialalla? Lyhyiden,
kustomoitujen erien tuotannossaon tuotekehityssyklien nopeus ja
jatkuvasti muuttuvien prioteettien hallinta &arimmaisen tarkeaa.
Kehittamistutkimuksen tavoitteenaoli selvittdg onko Discrete Manu-

facturing and Assemblynuotekehityprosessa tarve muuttag miten

ketteria menetelma voidaan hyédyntaa suunnittelutydésséa miten uusi
toimintamalli otetaan kaytt6on janité tuloksia silldvoidaan saavuttaa

Nykytilanteen ja muutostarpeen selvittdmiseéks/odynnettiin laadullista
haastattelututkimusta. Samanaikaisesperehdyttiin kaytetyimpiin ja
viime aikoina eniten kayttajdkuntaandasvattanesiin ketteriin menetel
miin ja toimialan sovellutuksiin hyédytéen lahdekirjallisuuttga verkkoe
materiadeja. Naidenpohjaltaluotiin viitekehysten vertailukehikko, jossa
huomioitiin toimeksiantajararpeet ja tehtiin suositus sopivimmista viite
kehyksista.Taméan jalkeen tehtiimuden toimntavankuvaus, toteuéttiin
tarvittavat tydkalut ja otettiin uusi tapa kayttoon.

Vaikutusta mitattin muutosta ennen ja jalkeen tehdyilfdaarallisilla
verkkokyselyilla ja vertaamalla suunnitelmjeikaisumaariakahden edel
lisen vuoden tuloksiinLopputuloksenaketterien menetelmien hy6dyta-
minen kasvatti prosessin osallistujien mielesgrosessin selkeyttétuki
paremmin laadukkaidenuotteiden suunnittelua, teki priorisoimista ja
kommunikaatiosta lapinakyampaa Tuottavuuden kasdie ei tutki-
muksen aikanddydetty aukottomia todisteita, vaanmuiden tekjoiden
vaikutusjai merkittavammaksi Taméaei kuitenkaan poissuljguden mallin
mukaisenatkuvan kehittémisenkauttasyntyvaa kasvugtkossa.

Avainsanat Ketterat menetelmat,Leanjohtaminen tuotekehitys

Sivut 79sivua, joista liitteitdl5 sivua
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1 INTRODUCTION

During the summer 2018Had a discussiowith a member 6 Discrete
Manufacturing and Assembly Compaalgout Agile methodologies and
how well thosetransferoutside IT domainHavingl5 years of experience
of leadingtechnology teans andii Sy & S| NBE Q S mddptind Sy OS 2
and several years abougile methoalogies | still felt underqualifiedo

make anystrong recommendations oprescriptions Asthe person was

aware that | was finishing my studijes question was raised whethér

would be interestedto make acase study ofuch implementationBeing

horrified about the idea,; & L RARY QO 1y26 LINI OGAOI
developingphysical prodats, but at the same time intrigued about the

possibility totest these methodologies outsiday comfort zonein sucha

greenfield environmeninducedme to take theassignment.

Discrete Manufacturing and Assembly Company (DMA) has grown
significantly during past couple of yedrsm virtually zero taa 130-person
organisation comprisinglmost hundred million euros revenu&esults
have been promising, but at the santiene need for morestructured
approach to ensure transparency of priorities, constant communication
and cumulative learning of the team has surged. On the other hand,
traditional structures and management models usedmianufacturing
industry are perceivé too bureaucratic ad rigid, eventually killing agility,
which is seen as one of the critical success factors. Could emergent Lean
based Agile methodologies be the solution?

Agile methoddogiesand practicehavebeenusedin IT industryfor over
guarter of century and tody it is claimedthat they areusedby 80¢97% of
organisationfCA2018; VersionOne018)to some extentUnfortunately,
most of the surveys armadeor sponsoredy ITindustrycompaniesand
independent research isnarginally availableMany of the prosperous
newcomers in technology industry likanazon, Facebook, Google, Netflix
and Spotify have openlpld that they use Agile methodologies ahds
beenactively participating in Agile conferences and publishing matefial
the Agile inplementations.

Of coursebusinessagility and being able toapidly answer to increasing
competition and changing customer needs sounds compellamgl who
would not like to be compared to these technology gian#gain,
academic, peer regwedquantitative surveysnot to mention longitudinal
researchissparse and most of thecademiaesearchhas beersinglecase
studies.As an exception Serrador and Pi015 10441049 made a
research about Agile benefits with a conclusion tAgile methodologies
increaseefficiency, stakeholder satisfaction and perception of overall
project performanceOne of the largesindustry survey®f 3000 projects



has been conducted Hyeifer(2017) suggesting’¢12 % productivity gains,
5¢12 % lower unit costand &12 %increased qualityThere is also %
90% project schedulachievement compared td0¢60%resulted from
following traditional project management methobtimies, thoughthis has
been achieved byelivering fewer features

Temptindfigures butadopting AgileSoftware development methodologies
and practices is still rare outsidiCT industry Although, Scrum for
Hardware(Brown & Justice, 2018yvhich is based o8crum and Extreme
Manufacturing is one the most complete framework which could be used
in discretemanufacturingor batch production Acording the Scrum Inc.
organisations usinggile practices include Saab, Boeing, John Deate
Volvo.Most likelylow adoption rateis related to Lean management and
Agile Manufacturinghaving significant footprint ad Agile software
developmentis perceivednore focusedon developingiighly customise,
one-off solutions throughout software lifecycle Quite like highly
customised productswvhich are constantly and rapidlyevolvingbased on
changed needgesulting redly short production batches

Based on this initiahformation, a decision was made Burvey current
situation by interviewing team membergontributing to product
development processwhetherassumed need for change is presemd
what are most pressupissueslf the surveyindicatedrequirement for a
change, a literature study, evaluation and suggestion of the most feasible
methodologies ad practiceswould be done. ADMA representatives
wanted me to also supportin experimentation an implementationplan
and fulfilment of that plan was addednto the research scopeThis of
course prolonged thechedule several monthmit gave me an opportunity
to measurereatlife results byhaving web-based, structuredsurveys
before and afterexperimentation.

Asthere is still quite small amount of research abauplementation Agile
methodologies outside ICT industihis researcland its result€anprove
to be of somevaluein future metastudies.AsDMA'sindustry isspecific
and even globally quiteiche it is not likely to be replicated iscale Butif

it increasesAgile methodologies awarenessd encourages readers to
interdisciplinarythinking, this researchas earnedts existence

2 AGILE (SOFTWARE) EEPMENT

Agile Software Developmeriin short Agi) is a philosophy, an umbrella
term for a set of methods and practices based on the valuegandiples
expressed in the Agile Manifestovhere solutions evolve through
collaboration between selbrganizing, crostunctional teams utilizing the
appropriate practices for their contex{Agile Allianc018)



Agile has a lot ofoverlap with Leanmanagementsuch as continuous
improvement, making things visible, empowerment of tearpsocess
flow, value value stream@and removabf waste Both Agile and ean fall

under study of Systems ThinkingThere are probably hundreds of

methodology variants that follow Agile values andprinciples. Each

methodologyprescribng distinctset ofpractices and tools

' Systems Study
Thinking /
Lean7 Philosophy
Agile

~___———— Methodology

Scrum, XP...

Practices
Tools

Figure 1. Positioning of Agile Software Development.

Most disinctive difference between Agile and previousiyiore used
Waterfallmethodologiess iterative and incremental approacimstead of
trying to predict the outcome into smallest detail early in théaterfall
project and delivering everythingnce Agile deliersin iterations which
provide new, changed or fixed functionalityincrements throughout the
project.

Waterfall

DELIVERABLE

Agile
‘ ? ‘ 2
9 05' 05
[ ReG's > DESIGN > © DEPLOY, REG'S > DESIGN >~ DEPLOYJ REG'S > DESIGN > DEPLOY

INCREMENT INCREMENT INCREMENT
Figure 2. Difference between Waterfall and Agile approach.

Although Agile Software Development and lterative and Incremental
Development(lID)areconsiderel to be quite moderrheir evolution dates
back to 193G towork of Walter Shewhartwho proposed using a series
2 T & K 2-thltheckl D @BCA) cyclesfor quality improvementPDCA



was also promoted since the 1940sby W. Edwards Demingvhat he
eventuallydescribed in his book Out of Crigisl982.Although hethought

G LItdb-sfudyl OG ¢  auld Kettevelicit the importance of learning
from the experiment.Earliest successfuterative software development
projectscan be tracked to 195when IBM2 &ervice Bureau Corporation
usedtechniqueresembling manyf the ExtremeProgramming practices.
While there is some eviden@nd publicationsof use of 11D from 1960s to
1980sand grim reviewspointing outstrict, documenidriven, singlepass
waterfallapproactesinabilityto deliverquality software, it wasnot before
1990s when lIDstarted to gain real traction.During 1990s public
awareness of IID in software developmematised due to hundreds of
publications This alsded into birth of dozens otID methods likeRapid
Application Development (RADynamic SystemBevelopment Method
(DSDM), Scrum, Rational Unified Process (RUPEXxperimental
Programming (XPand FeatureDriven Development (FDD{Larman &
Basili2003 47¢48.)

In 2001 group of17 software development process expeltscluding Kent
Beck (XP/TDD)leff Sutherland (Scrum), Ken Schwaber (Scrum), Ward
Cunningham (XP/WikJim Highsmith (ASD) and Alistair Cockburn (Crystal)
authored an Agile Manifesto promahg modern, simple 11D methodsd
principles At the same occasion, Agile atice was formed. Agile
Manifestodefines Agile philosophy by four values

Individuals and interactions over processes and tools
Working software over comprehensive documentatio
Qustomer collaboration overantract negotiation
Responding to change over followingpéan.

And twelve principleqagilemanifesto.org, 2018)

- Customer satisfaction by early and continuous delivery of valuable
software

- Welcome changing requirements, even in late development

- Workingsoftware is delivered frequently (weeks rather than
months)

- Close, daily cooperation betwedrusinesspeopland developers

- Projects are built around motivated individuals, who should be
trusted

- Faceto-face conversation is the best form of communication-(c
location)

- Working software is the primary measure of gress

- Sustainable development, able to maintain a constant pace

- Continuous attention to technical excellence and good design

- Simplicitythe art of maximizing the amount of work not doie
essential



- Best architectures, requirements, and designs emerge fselh
organizing teams

- Regularly, the team reflects on how to become more effective, and
adjusts accordingly

Today thereare tens ofAgile methodologies and if you couatt variations,
fusions hybrids and flavoursthere are hundredsknownvariants of Agile
To evaluate whiclAgile methodologywvould be most suitable framework
in this case population was restricted to most used frameworks and the
ones which popularity have increased mdsiring pas couple of years.

VersiorOne has done theiState of AgileéSurvey now for 12 years, which
includesinformation about popularityof different methodologies During

the time this survey has been made, Scrum has always been most popular
Agile methodology fllowed by the organisations responding torgey.
Combined popularity of Scrum, Experimental Programming and hybrid of
these two has been between 70€80%.: t Qsage has significantly
dropped during past ten yeaend it seemsnany XP practices has becem
software development begiractices which are being followed despite the
framework being usedtarly surveys show some use of DSDM, AUP, FDD
and LSD, whichll have now fallen intdOthers category. Those has been
replaced by KanbanScrumbanand Iteratie Development. Latest
newconers to list are Lean Startup and Spotify Methofl/ersionOne
2018.)

100 %

90 %

80% l I

0%

60 %

50%

@

|

L |
40%
30%
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Other 15% 14% 8% 12% 7% 11% 7% 4% 5% 3% 4% 5%
B Lean Development 2% 3% 2% 2% 2% 3% 2% 2% 1%
mFDD 2% 2% 2% 2% 2% 1% 1% 1%
mAUP 2% 2% 1% 1% 1% 1% 1% 1%
u DSDM 8% 5% 1% 1% 1% 1% 1% 1% 1%
mXP 23% 12% 8% 6% 4% 2% 2% 1% 1% 1% 1% 1%
M Lean Startup 1%
m Spotify model 1%
W lterative development 4% 3% 2% 3%
B Kanban 3% 4% 5% 5% 5% 5% 5%
B Scrum/XP Hybrid 23% 22% 24% 17% 14% 11% 11% 10% 10% 10% 6%
B Scrumban 3% 3% 7% 7% 6% 7% 8% 8%
Custom Hybrid 14% 9% 5% 5% 5% 9% 9% 10% 8% 8% 8% 14%
H Scrum 40% 37% 49 % 50% 58% 52% 54% 55% 56% 58% 58% 56%

Table 1. Agile methodologiesiseglobally(VersionOne&006;2018).



Codento has done similar assessmemm the Finnish market. Most
significant differencesithat Coderto reportsmethodologiesand practices
as concepts on the same levBhsed on this surve§crum was in 2016 still
most popular methodology with 71% of orgeations using it Kanban
being second with 55,4¢Aukia,Luoto & Tiainen 2017)n two years,this
has been changed in favour of Kanban having 48% of organisations
following it and Scrum going down #1.%(Aukia, livonen & Luoto 2018)
Most likelyhigh share of Kanbartompared toVersionOneeportisrelated

to popularity of kanban boardas a too] not Kanban asan Agile
methodology. It $ alsogood to note that32% of organisations use
Minimum Viable Product whichs a practice used in Lean Startup
methodology.

2016 2017 2018
Minimum Viable Product 0% 40% 32%

B Kanban 55% 56% 48%
B Scrum 71% 58% 41%

Table 2. Agile methodologies use in Finlar&Lkiaet al. 207¢2018).

Additionally, fom theresearch subjectand manufacturing industrypoint
of view, one interestingframeworkis Extreme Manufacturing (XM)sed
by Wikispeed Ltd to build 18Milesper-gallon vehiclewhich has evolved
to Scrum for Hardware during last coapf yearsand has been adpted
by somecompanies irautomotive and aviation industrifBrown & Justice,
2018)

2.1 Scrum

According to Versio@ne State of Agile reporScrum has beethe most

used agile methdology throughout past decadelt wasauthoredby Jeff

Sutherland and Ken Schweabat 1995by inspiration o NIi A Of S O f f SR
New New ProductDevelopmentG: Y S ¢  TaKeEhdtind NonakaX985).

It suggestghat old sequentialdevelopment approach should be replaced

with new approach with heavilyoverlapping development phases

providing faster lead time and more flexibilitysutherlandsuggestghat

Scum provides300¢400 percentproductivity improvement analoubling

of qualitycompared to traditional approache&Sutherland2015 31¢ 34.)



Scrumframeworkis medium prescriptivdnaving three roles,five events
and threeartefactsas follows:
- DevelopmenfTeam

- Product Owner — Roles
- Scrum Master B

- Sprint ]

- SprintPanning

- Daily Scrum — Events

- Sprint Review

- Sprint Retrospective
- Product Backlog

- Sprint Backlog — Artefacts
- Increment .

Spriat
.

Product Sprink Increment
Backlog Backlog

o 7 Scrum Tee®

Cﬁ 3
=2~ -3 35

Figure 3. lllustration ofScrum frameworkScrum.orgh.d ).

Scrum teamsare crossfunctional having all necessary skills needed to
complete theincrement the outcome donen the sprint.Team individuals
may have specializeskills and focus, but whole team is accountable of the
results. Team sie should berather small, around @ persons+ 2
preferably working in samepremises Having smalteam size in same
location makes communication between team members ea3ieams are
seltorganisng and selfmanaging empowered to make decisiorabout
how assignments are resolved. This autonomyriderpinned by sense of
purpose above ordinarySutheland 201541¢45 & 58¢61.)

Product Owner is responsible dfroduct Backlogconsisting allthe
requirements for any changeswaiting for accomplishment in prity

order. Inspiration to Product Owner role came from ToydPaoduct

5SSt 2LIYSyd {@&adSyYQaho tyidalfy Fare SejiigkA y S S NJ
engineers having wide experience and knowledge alglmmain team is

working onbut also havinggyood understanding ofustomer nees and

market situation.Product owner needo have constant dialog with the

team to make sure thaplanned value is realized when increment is
released. (Sutherland 201576¢180.)



Scrum Mastelis responsiblgor promoting Scrum practicesupporting
team members to work accordinggnd process being effectiv&crum
Master is like a Project Manager in waterfalloject, but with more
servantleaderapproach. This person is responsiblefaxilitating all the
Scrum eventsmaking sure thathere is required transparency andost
importantly, helping team to remove impediments hindering team to
finish requirementsScum Master has also significant role to make sure
that process team follows is continuously improvésutherland 2015, &1
62.)

Spint is aone to fourweek time-box, in which potentially releasable
product increment is createdSprint length shouldremain unaltered
between Sorints. One sprint consists of Sprint Planning, Daily Scrums,
development work, Sprint Review and Sprint Rsprective.During the
Sorint you should not assign new tasks to teanreprioritize items in that
Sprint but task scope can be clarified between the team and the Product
Owner. Usuallyteams usesimple boards to illustrate state of different
tasks (Figure 4. Even though Scrum does nbinit number of tasks
assigned to one person, it is advisedhtve as fewsimultaneous tasks as
possible toavoid waste related to task switchind.eam also shdd
concentrate on finishings many shippable products as possible if it seems
like they are not able toeach Sprint objective$. O NJHzYb@eess id ubsiially
followed withburndownchart illustrating current estimation of remaining
work in on going Sprir(Figure 5. (Sutherland 2015, #Z6 & 88¢94.)

To-Do Doing Done

Task A

Task B

Task A Task C g Task B

Task D

Task C

EM

User Story 3

Figure 4. Example of Scrum Board.
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Figure 5. Example of a Scrum Burndown CHarta three week sprint.
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Contentof eachSgint is planned inSprint Planningand isdocumented
into a Sprint BacklagParticipantsfor Sprint Planningare Development
Team, Scrum Master and Product OwnBased onprioritised Product
Backlog, teanselectsStories (requestsyhich can be accomplisdeduring
upcoming Sprint and how work is dorfg.the same time knowledge about
purpose of each Story isamnsferred from Product owner to Development
team to form common understanding of Definition of Done for the
Increment According to The Scrum Gui¢leutherland & Schwab&017,
10¢11), Spint planningshould take no more than eight hours depending
length d the Sprint.(Sutherland 2015, 138 &35¢236.)

During the Sprint, Development Team waidlld a daily 15minute meeting
calledDaily ScrumDuring he meeting teangathers around Scum Board
and each Team membéas couple of minutes tanswer three questins:
- What did you do yesterday tieelp the team to finish the Sprint?
- What will you do today to help the team to finish the Sprint?
- Whatobstacles& 3ISUGGAY3I Ay GKS GSFHYQa ¢l &

Rationale behind this meeting is to boost communication between team
membersand make possible impediments visibl€his also makes sure

that every team member i$ ¢+ NS 2 F { LINIsuAlly @aisingLINE 3 NS 2
issues in Daily Scrum leads iafter meeting discussioar swarmingwith

team members able to helggmoving the impedimentgSutherland 2015,

76¢79.)

A Sprint Reviewis held at the end of each Sprintand it should
accommodateanyone wating to participate This event should take no
more than 4 hours to onenonth Sprints.In this event, team should
demonstrate all features whch meets the Definition of Done, are
completdy finished and able to releasseto production.Product Owner
will show current state oBackog and there is a discussion providingut
for subsequent Sprint Planning. (Sutherland & Schwabé7, 13.)
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Sprirt Retrospectiveis the key event to make sum@ere iscontinuous
improvementon followed pro@ss. In this meeting Scrum Master and the
Teamwill go through the last SprintDid they follow the agreed Scrum
process?What were the impediments during the Spr and how they
could avoid those in the futureBased on these discussions team will pick
one or couple ofimprovement task for the next sprint which will be
regardedlike any other Story to be accomplisheSutherland(2015 145
160) greatly emphasize team member happiness anids impact on
productivity. Sprint Retrospective is seen as a valuapgigortunity to
monitor andincrease happines$Sutherland & Schwaber 2017, 14.)

Product Backlogs a list ofall the new features, functiondjxes and

enhancementscalled storiedo change the current produciThe Product

owner is responsible of all the Backlog contantl prioritisation.Backlog

refinement is an acdtity where Product Owner together with the
Development Team updatdetails, estimates andrder of asignments

during the SprintsRefinementtakes around 10%f Development team

capacity (Sutherland & Schwaber 2017, 15.)

Thelncrementis a combination of the Product Backlog items which meet

0KS { ONXzY ¢St YQa crieraEdmyposdl dufing privfF 52y S
Planning.All the Stories within an Increment agotentially Customer

shippable and finished. Not necessary prodmat part of the product as a

function providingvalue to users of the product. It is up todduct Owner

and releasescheduing whether the Increment is releas@tmediately or

later. (Sutherland & Schwaber 2017, 17.)

2.2 Exreme Programming

Extreme Programmin@XP)was authoredy Kent Beck at 199%cusingto
produce highquality softwarein short ierations It wasdevelopedbased

on. SOwofkan/ KNE & f SN a inyllerdeNtRtiontlurirg 3996 S Y
1999 Based on Agile surveys/drsionOne2018) use of XPas a
methodologyhas declined from 200%vhen it was used by 3@0% of
organizatiors as standalone framework or in combinatiowith Scrum
close to 7% and itstandalone use has almost vanishéd the same time
many of the XPrinciples and practices has been adopted by other Agile
methodologies or those has beconsaftware industry best prtices.
(Beck2005 125129)

Extrene Programmindpas thirteen primary practices, which have evolved
since isinitial release.Thesethirteen practices aréBeck 2005)

- SitTogether

- WholeTeam

- InformativeWorkspace

- EnergizedVork
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- PairProgramming

- Stories

- Weekly Cycle

- QuarterlyGycle

- Slack

- Ten-minute Build

- Continuoudntegration
- Testfirst Programming
- IncrementalDesign

XP teams are prescribed 8t Together while doindevelopment work in
common open spaceThis is seen to have positive effect to inteam
communication anduild fellowshp. It also reducesignificantlyrequired
walking ortravelling timewhich can be used toontribute to customer
value This practice fits together with Wholdeam and Iformative
Workspaceprinciplest NA Yy OA LJX S 2 T {eXciude e 8fXB KSNJ R?2
in geographically dispersed teams, which is usually the aadarge
organisations where different expert communitiage inseparate sites or
Offshore resources are beinged In such case ore attention should be
givento ensurefeedback byor examplehaving several planning meetings
during the week. (Beck 20087¢38 &149150.)

Whole Teanadvocates for crosiinctional teams having all the necessary
skills toproceed successfully in the projentluding ifpossiblea customer
representative tocontribute and elaboratdeature stories.Principlegoes
beyond just cros$unctional team as tam members shoulteel belonging

to a team, support each other and onsihared responsibility of resultXP
sets theidealteam sizebasal on GladwelQ2 @00Q 175¢181) description

of discontinuities. Teams should be split if they have more than 12
membersasa ¢ St @S A& | ydzYoSNI 2F LIS2LX S 4K
gAGOK SI OK 2TbKcal®lredm/of ttamfdarebé ds€enerally
instead of making teamsidpger,splitting problems into smaller problems
is advisedHaving norfulltime assigments to team should be avoided as
task switching will increaswaste, having several objectivédurs focus
and decreases feeling of belonging to a teaf@eck 2005, 389 & 111¢
112)

Informative Workspace principkgescribes a story card wall which should
be put in central place im team workspace. This card wéfigure §
provides a quick glance on what team is workingwd what kind othings

are in the pipeline.Card wall helps to pinpoint if team is having issues in
planning, estimation or executiorAdditionally charts can be used to
visualise progress in Igrterm projects.Workspace should support Pair
Programming practicdy having two-personworkstationsand informal
information exchange between team members, simultaneously providing
ability towork privatelyif neededin separate cubegBeck 200540¢41.)
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— DONE —————— THIS THIS
WEEK RELEASE

Story B
_

— TO BE ESTIMATED ———————————— FUTURE

Story J

Story E
Story F
Story G

Story H Story H
Story | Story |

Story D
Story E
Story F

Figure 6. Example oftory card wall used in Extreme Programming.

Energized Wdx practice followsustainable pace Agif@incipleand is &

S @2t dzil A-R § dzRIF.PEofldnshouldvork only as long as they can
sustain productive pac&Vorkingsignificantlylonger than normalworking
hours should be considered more dbsing contol than sign of
commitment as productivitysinks rapidly aftereight hours of focused
working time usualy leading into value shrinkage Same applies to
working while being sick. Concentrating @pid recoverywill have more
positive impact than workingdl. Thisalso protects rest of the team losing
more productivitybecause of illness. During actiwerking timefocused
contribution should be protected against exterrhsruptionsby shutting
off phones and other communication channéts unsolicited ontacts
(Beck 2005, 442.)

Pair Programming ig practice where two people are sitting at one
computer. Oneperson iprogrammingwhile pair having a constant dialog
of how things should be resolvenhd making sure that there are no defects
injected inb the code.This practice promotes knowledge sharing and
reduces significantly quality issuasd guckerremedy of possible issues
Pair should switch roleduring pair programming session atiare should
be rotation in pair members so thateople work with everybody in the
team regularly. Pair programming should reshktter or close to same
volume of code than donby itself, buta lot lower amount of errors. (Beck
2005, 4243.)

Stories refer to assignments, taskeature requestsor requirements
simlarly as in many Agile ri®dologies. Stories should bewritten
according to customevisible functionality for better general
comprehension ofrequests betterand have a short, descriptive name
Estimations should be done as soon as stories are wititigie possibility

to early reprioritizationof potential ideas.Physical cards on wall are
preferred over virtual systems because of their ease of use and practicality.
(Beck 2005, 445.)
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Work in XP is planned in Weekly and Quarterly Cycles. Beginhasgio
week, there should be a planning meetireyiewing last wee® progress
againstexpected results, having customeicking ongoing weeks stories
for implementation and breaking these stories into tasisich will be
signed up by team memberBlannng isconsidered as a necessary waste
and such time consumed on planning should be minimized. Whén- Y Q &
experience increase, planning shoirdoptimumonly takeonly anhour a
week. After every week all assigned tasks should pass testingtiaem
shoull be another deployable version of softwa@nce a quarter team
should reflectthe whole project, progress and its alignmemith broader
goals. Team should identify issues and bottlesezikd decide how to
resolve those, plan the themand initiallypicktheme-related stories tde
implemented.Quarterly cycles are also good for longer term improvement
experiments. (Beck 2008/¢48.)

Plans made in Weekly and Quarterly cycles should always inthgée
with minorimportancewhich can be dropped iesuls begin to dragThis
kind of Sackcombined with clear and honest stakeholder communication
improves credibilityAnd being able to release according to commitments
increase trust between team armather stakeholders(Beck 2005, 48.)

Team should aim ateing able to build the whole system anagh all the
tests in ten minutes.This requires all the build and test tasks e
automated.Alsq this ability to build and test whole environment should
be used frequently to verifpew code put into repositorySimilarly new
code should benerged into asingle, common main branch several times
a dayto test possible interoperabty issueswith rest of the code base.
Usuallyautomatedcode buildsand tess are made asynchronously after
code commitproviding neareaktime feedback. This can lm®mbined in
the end of each Pair Programming sesssonthatpossibleissues can be
immediately fixed and avoid waste resulting from taskvitching
Continuous Integration (Cl) and Continuous Delivery or Deployi@Dj
arepractices followedy most, if ot all, modern application development
teams. (Beck 2008,9¢50.)

After weekly planning sessipalevelopment should begin with writing
tests which will be rurafter story is completedTestfirst Programming
practicefocuses developmento features requeted. If additional features
arise during development, those shouldve their own tests written after
minimum deployable feature has been finishd&king unable to write a
test usually indicateslesign problems in code. Retoring the code and
making it simpler should help.Having tests for every new feature
demonstrates code cohesiveness amttreases trustbetween team
members. There is orgoing development done to achieve continuous
testing duing development, butheseare still running too slowly for real
time development(Beck 200550¢51.)
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Last principle is Incremental Desigvhichwascalled in earlier version of
XP Refactoringncremental design suggestsvesting in to the design of
the system every dayAs bespossible design for the system evolves all the
time, development work to achieve that goal should be gradual and done
while making story changes inespective code areasConsidering
continuous development of technology, desigg asearly as possible in
start of the project, shoulthe postponeal closeto whendesign isequired
This is also a form of risk management as there is only minimum
investment on longerm designand that costis divided on a long period
of time. Beck alsasuggest that many desigissuesare such that having
experience how to solve thelR2 Sa y Qi yetASthoseSiEuAtian]
incremental approachgainingthe experience while implementing new
features is the most preferdd approach anywayBeck 200551¢53 &
103¢109.)

2.3 Kanban

Kanban isaagilemethodwhich evolution started in Microsoft 20@hen
first virtual kanban board was implemented. The evolutionary,
incremental process improvement nteidology Kanban emerged during
2006 and 200&t Corbis by David J Andersdfanban isa pull system
underpinned by Toyota Production System (Lealtgrnative to Eliyahu
D 2 f R NDruirBufekRope application of the Theory of Constraifitee
Kanban Methodstarted to grow in community adoption around 208aiid
has beerevolving in wider Lan software development communitjuring
the years (Anderson2010 3¢8.)

Kanbarhasfive core pacticesto achieve emergent $®f Learbehaviours
in organisations:

- Visualize workflow

- Limitwork-in-progress

- Measure and manage flow

- Make process policiesplicit

- Use model to recognizenprovement opportunities

Visualization of theworkflow is achieved by use a@fard walls (kanban
board) illustrating different process phases icolumns anddifferent
products or worktem types asseparaterows calledswimlanes(Figure 7.
Each task in the system has own cardindicating basic information like
unique task id, descriptive nameof task, date ofassignmentand fixed
delivery dateif such existCard coloumsuallyindicates a catain product
or assignmentlass of serviceAssignees of the task are usualigualizd
by magnetic avatars on top of the card or by writing a name board on
top of the card Additionally, stickerscan be used to indicatdifferent
conditions liketask being blockedAnderson 201064¢71.)
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Development {6) Testing (2) Deployment
Doing | Done | poing | Done {5)

Story H Story B

Story G W m: Story B °
Story F Story C 3

Story F Story D
Story E

Figure 7. Example of kanban board

Backlog |To-Do{g)

Story |

Story H Story A

Story |

Kanban aims tsignificantlyincreasetask lead time byimiting workin-
progressteam members are allowed to pull from previous phase of
process Numberof tasks allowed in certaipoint of process isndicated

by a figurein columntitle. Based onqueuird (G KS2 NBE OF f f SR
there is linear relationship between quantity of weirkprogress and
average lead time. Of coursefter certain pointthis will also affect to
velocity (poductionvolume) negatively andeam shouldexperiment with
WIP limits to discovesptimal balanceEven early on implementatiort,is
advisedto have in maximunthree open tasks per team membéo avoid
multitasking andoss of active working timeausel by contextswitching
Having WIP limits snilar than team size wilhaturally lead intopair
programming practicelAnderson 201025¢28 &113¢122)

' 4 &dzOK Y I yile bsy¢ of Ry Spacyfi@idrting even thoughit
prescribes measurement and magement of the flow.Best practice
report to visualizdead time and number of worln-progress over time is
a Cumulative Flow diagrafRigure §. Additionto reporting AveragelLead
Time, Lead Time spectral analysis

should beused to evaluate how predictabkverage Lead Time 1§ Fixed
Delivery Date class of service is used, Due Date perfornsrmdd also
be reported to evaluate howwell agreed schedules are being met.
(Anderson 2010, 13947.)

[ A
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Figure 8. Example ofCumulative Fiow Diagram (Anderson, 2010).

Even though Kanban is inclinedhighlight Leadime, it is a good practice
to follow throughputwith velocitymetric indicating how many tasktories
or story points were completed within certaperiod and flow efficiency
calculating ratio of activawork time ontask to lead time. This metric
visualizes amount of time task spend in process buffers or queaésg
for additional value creatiorAs Kanbarocuses on constant evolutionary
change, often referred as Kaizenisita good practice to followumber of
blocked taskselative to time ad how process issues get fix@elgure 9.
Finally tracking number of bugs or product defectsver time helps
organisation to understantow the qualityresultingfrom the process is
being improved(Anderson 2010, 13947.)

120 12

100 10

mm Proposed  mmmmm Active Resolved  mmmmm Closed e B|ocked

Figure 9. Example ofssues and Blockatemschart (Anderson, 2010)
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As Kanban isrelatively nonprescriptive methodology it requires
significant amount ofdditional context specifigolicies. Policies should

be agreed by team members and stakeholders and they need to be explicit.
Usually some of the generipractices likeDefinition of done,Daily
Standups, After Meetings, Backlog priotization, Release planning
Operations reviews ankdste managemenare encouragedo be defined.
Definition of done defines wdn task is possible to move to next phase in
the process.Daily Standupsre short daily meetings concentrating on
blockspreventing teammembersto finish tasks. Blocksare not typicdly
solved duringDaily Sandups, but they are handled irsome type of
swarming activity calledAfter meeting 2 NJ at F NJ Ay 3 . [ 2
Backlog prioritization is an activity where stakeholders or business owners
decide which work items will be movedbm Backlog to T-alo phase as
open slots emerge when previous tasks move further on the process.
Release planning is required if Kanban teams are required to participate
release actions of finished product componentsif release activities are
also managd with Kanban boardssue managementefines howblocked
tasks are handled, documented and further avoided in the future. This
usually includes some goof escalationf team cannot resolve issue dts

own and help from other departments or 'S parties are required.
Operations reviewshould be held once a month or-tsionthly including
allmembers actively participating to eftd-end process and stakeholders
providing input or consuming outputs of proces3his meeting
concentrateson resultachievenents, optimization of the process and how
issues can be avoided in the futuf@nderson 2@0, 82¢88 & 159165 &
235239.)

Anderson suggests that there are three typespoimary improvement
opportunities which should beoncentrated onFirst one isdentifying and

5Ac

removing process bottlenecksith ¢ CA @S C 2 Odaxdnyhdous{ G S LJA ¢

improvement framework from The Theory obi@Straintsdeveloped by Eli
Goldratt in 1984Frameworkstates:

1. Identify the constraint
Decide how to exploit the constraint
Subodinate everything else in the system to the decision
Elevate the constraint.
Avoid inertig identifythe next constraint andeturn to step 2

aprwd

Second improvement opportunity iseardTPS basedlimination of wasg.

Ly ! YRSNA &2 yWwate cah LdeINESedD fto three main
categories: transaction costsgoordination costs and failure load.
Transactioncosts are generatedhs setup and delivery costs of new
products and those should bdealancedbased orbenefits of new release
and effort required Coordiration costs are related tassigning people to
tasks, scheduling events or coordinating work of two or more people
toward a common goal. These should be minimiZeaadlure load is a work
generated because of some earlier deliveries failing, such as product
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defects poor designincreased amount of service requests etdis type

of waste uses capacity, which could be usedcfeatingnew valueadding
featuresand should be avoided by pursuing high product qualityird
area of improvements reduction ofvariability, which is addressed in
Kanban with Statistical Process ContrdSPC)pioneered by Walter
Shewhart in 1920s and further developed by W. Edwards Demiihgs
Theory of Constraint8Both Lean/TPS and Six Sighas adoptedSPGo
improveprocess tow. SPC dividesources of variation into two categories.
First category isnternal variationswhich arealsoreferredto aschange
cause variationslike work item size, type, class of service, irregular flow
and rework.These can beontrolled usingpolicies thatdefine product
development lifecycleand project management process in use. Second
category is External variations, which are also refeasaisignablecause
variations, like requirementambiguity, expedite requets, irregular flow,
marketfactors, staffingactorsand challenges iacheduling coordination.
These can be managed using issugnagement and resolution
capabilities and reducedby rootcause analysis and elimination
capabilities(Anderson 2010187¢192& 232)

As a result of stcessful Kanban implementatidallowing organizational
behaviourare emergedAnderson 201016).
1. Process uniquely tailored to each projgetlue stream
Iterationless development
Work scheduled by Cost afelay
Valueoptimized with Classeofservice
Riskmanaged with Capacityallocation
Tolerance foprocessexperimentation
Quantitative management
Viral spread of Kanban across the organisation
Small teams merged for more liquid labour pools

©CoOoNoGhwd

2.4 Scrumban

Scrumban is a hybridf Scrum and Kanbamethodologiesauthored by
Corey Ladas at 200Bven though it is considered as a separate method,
Ladas advocatebenefits of Kanban over other agile methodologies
Scrumban provides a framewohow organisations auently following
Scrum framework may transform to use Kanban.He suggess$ that if
organization is currently followingaterfalltype process witliunctionally
aligned teams, it should implement Kanbd&ut if organization hasow
more project-aligned teams, then Scrumith cross functional approach
could proe to be more convenient If again organization islready
following Scruntheyare encouraged to move to Kanban with evolutionary
approach. As Scrum widely adopted and Xfras beome more of the set
of best practices followed in software industriyadasdescribes in detalil
how team could transform evolutionanyay. (Ladas 20082¢85.)
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Toyota Production System (TP&} a goal of having only om@rk item in
eachworkflow phaseandwork items moving between the phases in takt
which is @ime betweenthe start of production phase of two unitsithout
need of buffering between workflow phaseBigure 10illustrates how
items move between phases during equally dizane slots (takts)
throughout thesynchronizedvorkflow. (Ladas2008, 34,36.)

Item 1
Ready ltem 1| Item 2
Item 1| Item 2| Item 3
Phase 5 ltem 1| Item 2| Item 3| Item 4
Phase 4 ltem 1| Item 2| Item 3| Item 4 Item 5| 7\
Phase 3 Iltem1]| Item 2| Item 3| Item 4| Item 5| Item 6
Phase 2 ltem 1| Item 2| Iltem 3| Item 4| Item 5| Item 6| Item 7
Phase 1| Item 1| Item 2| Item 3| Item 4| Item 5| Item 6| Iltem 7

Takt1l Takt2 Takt3 Takt4 Takt5 Takt6 Takt7 Takt8
Figure 10 Example o items in 5 phase workflow.

Same rationale applies to moving from waterfall to agile. Instead of having

one iteration to achieve 10@quirements Scrum splits requirementst6

ALINAYGA KIF@Ay3a wmn NBIjtiooheb ¥ kg ina S OK d
Lean/TPS, tit ultimate optimum is to have one-piece flow without

iterations at all But asit is impossible to knovdevelopment work time

required in each workflow phaseeforehand synchronous workflow

cannot be implemented. InsteaidhplementingKanbanpull system with

minimum buffers to balance flow should Bet as a goal. (Ladas 2008¢44

53)

Scrumbanas a framework prefers specialized teasninstead ofcross
skilledgeneralistteam memberswith ability to fulfil all tasks endo-end,
which isa goal of aScrum team. Usually people are highly skilled and
motivated in certain tasks buat the same time they performvorse in
othertasks.When optimizingesourcing to minimizéead time, preference

is to use highest skilled persotasfulfil each taskln this type of resourcing

it also makes more sensgeain personsstrong area of skills, not the weak
ones, as it providesignificantly improved lead timélLadas2008, 7&79.)

A most distinctive practice suggested in Scrumban is use abucket
brigadestyle of skills combination to eliminate buffer&s an example
(Figure 1}, it could consist 3 persons, each haviddpigh skill areas of
totally 4 phases oivorkflow. First person would do phase 1 and pha&se
tasks, second person would do phase 2 and phase 3 éask&hird person
phase 3 and 4 taski this model person 3 would pull immediatetprk
from person 2 which is in phase 3 arebpectively person 2 would pull
tasks in phase 2 from personiho wauld take the next job from backlog
to phasel. Person 2 wuld act like a flexible buffeout simultaneously
actively contributing tgroduct. (Ladas 2008, 14851.)
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Phasel Phase?2 Phase 3 Phase 4

YT Y
A
YO Y

Figure 11 Bucket Brigadetyle bufferless flow.

BACKLOG
READY

More complex workflowshaving 6 phases or more cddi be handled
without buffers with 2¢3 personslike illustrated inFigure 12by using
return flow and2 cycleqLadas 2008, 15257) This kind of setup seems
feasibleonly when teamsizeis small andcomplex workflow followed.
Otherwise itis contradicting withpreference touse ofspecializedeams.

Phase 1 Phase 2 Phase 3

0Odd cycle Even cycle
Even cycle Odd cycle

Phase 6 Phase 5 Phase 4

READY BACKLOG

Phasel Phase?2 Phase 3 Phase 4

Odd cycle Even cycle Odd cycle

Even cycle Odd cycle Even cycl

READY BACKLOG

Phase 8 Phase7 Phase6 Phaseb

Figure 12 Complex workflow bucked brigade examples.

One of the Scrumban principles is Rele&sely, release often (RERO),
which was initially published in mitR9Q\hich isalso appliel inExtreme
Programming andother Agile methodologies.Scrumban emphasizes
definition of minimum deployabldeaturesetto determine which features
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are required Pbr logical completeness. As an examptar without
transmissionis illogical, but cawithout heated cup holders not.Even if
your competition has released a product with more featuses) shouly” Q
try to compete with scope, but productivitiey is tgprovideincremental
features in increasing speed to overcome competitiiadas 2008, 158
159.)

LastlyLadas (2008163%172)N> A aS&a GKS A &dadzS NB3IAF NRAY
quite usual that aroud 80 percent obacklog features fall into priority one

class.This makes prioritization diletd asd L ¥ S @ SINgh jpriodhtyy 3 A &
0KSy vy 2 Orehossble salutio® Rrogressive Priority Filtéraving

columnsfor backlog, priority 43 and done.Each priority column has
assignmentlimits in increasingsequence like geometric (2, 4, 8) or

Fibonacci (3, 5, 8Assignments are pulled from priorifiyand that open

slot is filled witha priority 2 assignment, which is further replaced by

priority 3assgnment and so forth. more important assignment appears

in the backlog it can replace amgsignment in the board which is then

returned to backlg. To prevent assignments tanguish inower priority

states without getting promoted and fulfilled eme assignment should

havean expiration dateAnother option is tause Perpetual Multivoting in

which avoting committee is selected from stakeholdeesich membehas

an allocation of votes which she can uegromote any taskon backlog

with as many votes as member haisd wants Votes can beecasted any

time. When pullevent occurs, toproted item isselected,and votes are

returned into pool for ecasting. Oldest itemg KA OK K| @Sy Qi LINE 3
are removed from backlog

2.5 LeanStartup

One of the most interestingecent methodologies published in 2011 by
Eric Riedgs the Lean StartupWhen the book was published it went
immediately to position number wo on New York Time&011) Best
Sellers lisand has beemllegedlysoldover million copies over the years
which is exceptionally good for a business bahist like Spotify modei,
appearedalsoon latest+ S NA A 2 $fateyoBAQiESurvey(2018)and it
will be interesting to see can it achieve longdasting traction.

The Lean Startup methodolodpase on five principles:
- Entrepreneurs are everywhere
- Entrepreneurship is management
- Validated learning
- BuildMeasurelLearn
- Innovation accounting

Even thaigh entrepreneurs and statips are most of the timecomprised
as small companiesworking in garagesn Lean Startup, statips are
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these intrapreneurs arautonomousteamswith separate profit and loss
statements,facingsimilar obstacles while trying tmnovatetotally new

businesr revolutionizing corporations curreifffering to meet evolving

customer requiements Innovation in this context should hénderstood

broadly from new inventions torepurposing existing technology or

building a novel business model folfil diversecustomer needs(Ries
2011,25¢29.)

The Lean Startuplaims that many stagups fallintod 2 dza G R2 A (¢ | LI
without structured methodologyausing many of those experiments to at

their best reaching mediocre resulty worst leading into purposeless
chaosinstead of transforminghe market.This is usually related to fear of

introduction d unnecessary bureaucracy amdpedingcreativity of highly

skilled individuals.At the same tine, management practices have

leapfrogged in several industries by implementation of Lean and Agile
methodologies and practices resulting unprecederdd increase in

effectiveness and efficiencyAdopting thesepractices in developing new
businessegan provide similarlgubstantiaresults.(Ries 2011, 1&24.)

Validated Learnings a lean Startup concepbf how to empirically
demanstrate the facts related to busessopportunitiesproviding rapidly
concrete and accuratesaltlife results to predefined questions instead of
using learning asreafterthought excuse for failurdn addition providing
information about viabilityof demonstratedfeature it may also discse
possiblechangesequiredto makeproductsuccessful(Ries 2011, 3738.)

Build-MeasureLearn loop illustrated in Figure 13is the enginefor
Validated learning. It startsom identification of hypothesesalled leap
of-faith assumptions which a stattp would like to testMost important
assumptionsare related to innovations value and growth.e. does
innovation provide value for its target customers dadkt possible to build
sustainable growth for a produdt.is impatant to definesuccess or failure
criteria before experimerdtion. In the next phase a mimum viable
product (MVP) ibuilt with least effort and minimum development time.
MVP needs to be published to potential customers atiir feedback
collected (Ries 2011,75¢78). The Lean Startup introduces @ncierge
serviceand Wizard of Ozesting. In Concierge servicesgart-up team,
instead of immediately building nainternet service, provides similar
service to strictly limitednumber of customers personally verifying
assumedcustomer need andbehaviour This also providegossibility for
rich qualitative customer feedbadkring experimentatiorfRies 201199¢
102) Wizard of Oz testings somewhat similar, but it hastended user
interface available, butlhor most of the provided functionalities are
achieved by manudbbour (Ries 2011106) After building a product for
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experimentation and releasing to customer usmeasurements are
collected forming a data for learning and decision making.

Product

Figure 13 BuildMeasure-Learn loop(Ries2011, 75).

Innovation accountings a quantitativeapproach to evaluateesults from
experiments forming a learning milestoneearning milestones help star
ups to assesstheir progress accurately and objectivelylLearning
milestonesare also imperativanformation to stakeholders tomonitor
development(Ries 2011, 77)There is always a danger of using vanity
metrics, whichgivesmuch pleasing picture of progredsut which can be
achieved bysecondary activities likexcessivemarkeing or dumping
product to market withossmaking priceMore actionable metrics can be
achieved by use of cohoanalysisor split tests In cohort analysisinstead
of looking cumulative totals or gross numbetart-up measure eaclest
group usiy product independently by using relativiigures presenting
userbehaviour(Ries 2011, 123)In splittestinga new and al product a
feature is offeredto users simultaneously antheasurements related to
user preference is collected retine (Ries 2011, 13@37)

After the learning phase a decision tergevere or pivot is donddea of

the buildmeasurelearn loopis to answer the questiortare we making

sufficient progress to believe thabur original strategic hypothesis is

correct, or do we need to mk@ a major changé? L ¥ OKIl y3S Aa NI
GKFGQa Ol,twhiéhRs desigrieih 1 Ze$a new fundamental

hypothesis about the product,usiness model or engine of grow(Ries
2011,149150).Ries(2011, 172176) lists ten types of pivotén Zoomin

pivot, a previously single feature of the product becomes the whole

product. In Zoorrout pivot current product becomesne feature or
feature-bundle of the new productCustomer segment pivot is required if
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experimentation shows that product solves reabplems but notfor the
type of customers originally planne@ustomer need pivot usualgomes
to prominenceduring customer interviews or observations when original
productR2 Say Qi & 2 prébemsddranakesyr8laidd visiblé
Platform pivot leadsnto application turning to a platform or vice versa.
Business architecture pivahostly high margin, low volume busine$s-
business product is transformed to a mostly low margin, high volume
consumerproduct, or vice versalVhen Value capture pivot iequired,a
monetization or revenue model of the product is changé&shgine of
growth pivot siggest that orgamations have three primary engines of
growth: the sticky, the viral and paid growth modelsln sticky growth
model a product is designed for m&tent use and companiefy to
achieve suchcustomer loyaltythat userscome back and useervice
repeatedly In Viral growth model a wordf-mouth is spreading rapidly
andeven though customesrare not inentionally evangelizing the product
epidemiclike growth is buil-in to the product in. This is how most social
media servicegttract increasing number of users paid growth model
customer acquisition is done mairthy sales and marketing efforts. Eye
acquisition has its cost and while this castawer thanadditional income,

a company can grow profitabljRies 2011, 2@219) In Chamel pivot a
company changes the way how it delivers the prodtetcustomers.
Traditionally options have been throughrect sales channel or partner
distribution clannel. Last option isa Technology pivot, where company
discovers a way to achieve samssults or functionality by using different
technology This is usually donby established companie® increase
product profitability d mature products and markets.

Ries (2011 111) claims that company which has the shortest time
completingthe loopis the one learningabout the customers and markets
fastest and having highegirobability to become successfulThe Lean
Startup also embraces sevenatactices likegenchi gembutsu,the five
whys and small batch sizes introduced Tine Toyota Production Model
(Liker2010,223¢235 252¢254; 21¢22). Ries (2011, 25%256) alsoraises
importance ofrapid decision making and single authorigferring toa
Chief Engineer rolan The Toyota Produdevelopment SystermMorgan

& Liker 2006, 11q120).

The Lean Startup seems to beavily focused omadopting agile and lean
principles in business developmenmore than software orphysical
product developmentin this research it wdd best serve ifubject of the
research would be trying to find new business opportunities rather than
trying to find ways to improvaow continuous product developmermould

be improved irestablishedperationsenvironment.
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2.6 Spotify model

During past cople of years{ L2 i A F& a2RSf Qa LJ LJdz I NX&
significantly(VersionOne2018) Although it is not a distinct framework

but more a rapidly evolving fusion of several agileand modern
managemenpractices.

Originally Spotify folloed Scrum methodlogy until the company started
to grow rapidly and somstandardScrum practices begun get their way.
Theydecided that Agile principleshould have greater importance than
obeying certain methodology or practice3his led toa course of
developmentwhichKniberg (2012¢alls morestill ongoingevolutionthan

a big remake of operating mode(Kniberg 2014

Spotify usajuite common Agile practicdie small crosgunctional teams,
called squads, which are selfganizing.Leadrs communicate company
level vision andvhat are the problems to be solved. Squads collaborate
with each otheto find the best possible solutigimow to accomplish it and
how to work togetherleading into high autonomyHowever, squads have
mission which is aligned with produstrategy and company short term
goals which creates high alignment between loosely coupgdads.
Organisation model isrpbably one of the most distinctiveattribute to
Spotify model(Kniberg 2Q4.)

Tribe Tribe
& _l— 0 ‘| _H ': _'—'l;- "'—‘:,‘- \ & .!—' .L:'_ \ .H_ \ ‘.'—-(,
() ) () e U
e = e Al
( N ) ( |
Chapter I a1 Y ‘ Chapter ) ‘\ .
U]\ J |
ouisoviroRirey IR cuirontronise
LCD L RCY TC DN L4~ DHC)HCD (.
st I = . |
Chapter ol 1 .14 Chapter
g | [\ | Guild “"P 4
/“I'[*“'[_*F‘I-L P "-"_-'-—--T—-f;-iﬁ-...-l-r‘ prmpp—
eI E N . A |
) Uy U R le ) IR |
| ¢ : = | ¢ F
y Wl ) | i Y L
Squad Squad Squad Squad ./ \ Squad Squad Squad Squad

Figure 14 Spotify organization model (Kniberg & Ivarss2ml 2)

Squads arerossfunctionalfeature teamswith ownership ofcertain part
of the solutionresponsible of fulsoftware lifecycle from design to release
and even operation and maintenance related to featufgery feature has
a Product owner and teamnusually consist of frontend and backend
developers,test and release specialis@snd an Agile coachwhich is
analogais to Scrum Masterto help the team to follow their chosen
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methodology and practicesSChapters areteams specialized in certain
knowledge, ike backend developmenChapter leads are line managers to
people workingvith same or similar technologies, butdifferent Squads.
Where Product Owners are responsible to decide which things are
developed,Chapter Leads are responsible of coaching teamhow they
should approach the requesind actions resulting iequallyhigh-quality
code in every Squadribe is a collection of features which usuallynfica
naturallarger entity like music player eecommendationengine Finally
Guilds are volurdry communitiesof collective interest showcasing
resolutions ormistakesand sharing Rowledge on certain areatke
security, Agile practices or development toolehich usually span over
multiple chapters(Kniberg & Ivarsson, 2012.)

Generated code islaays peer reviewed andll the code is available to
everyone for alteration proposal§potifyalsomakes releasing software
as fast and automatic as possible wiit¥for-purpose tools. Thignables
frequent and small releases. Nesode isrolled out gralually, firstin a
small subset of the whole environmentserving userssimultaneously
running old and new versions in parallefunctionalty and end user
behaviourcan be evaluated in real timte make decision whether to keep
new version oreturn to the old versionThese practices are familiar from
Extreme Programmingkniberg, 2014.)

Generally in Product Development Spotify follows Lean Startup
methodologyfirst defining a narrative angrototype how new feature or

fix that should work. After thak Minimum LovableProduct, a deriative

from Minimum ViableProduct, is buildand released. Based on careful

analysis of predefinetheasure a decision to tweak or ditthe feature is

made.Failing fast is seen as a possibility to learnidsthultimately leads

into fast improvementEven Spotify CEO, Danielifasmade a statement

OKFG a2S FAY G2 YF1S YAraadadl1Sa FlLadagsSN

Spotify also tries to build an innove#i culture by embracing
experimentation having 10% of hackime what people canuse to
develop whatever they likeAnd mnning hack weekgwice a year
combined with demos and afterpartyThese have resulteds several
features used now ispotify'smusic service. (Kniberg, 2014.)

Even though Spotiffhas been sucasful, very likelyat least partially
because of theiworking methodologythey adviseother organisations
not to copy what they havelone butconcentrate onexperimentingwith
the correct fit between practices, organisation culture awcdrrent
situation.As Spotify keeps growingarket and consumer habitsianging
they also feel a constant ne¢d improve. Meaning change the ways things
are done today to accommodateetter fit-for-purpose ways to do things
tomorrow. (Florian,2016)
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2.7 Extreme Manufacturing

Even though Extreme manufacturig§M)R 2 S &op Padjpularity lists or

& &dzOK nktangtipdologybuRai @ssoinent of Agile practices,

Al Aa KAIKE & prdbgbly &midst dhbughyfull and advaricedQ &
approach to combine Agile Softwares\2lopment methodologies and

practicesin building tangible, hardwarebjects.Joe Justicea founder and

CEO of Wikispeeethda majorcontributor of Extreme Manufacturing since

2006,is today also a member of Scrum Ideveloping methodology now

called 8rum in Hardware furthefWikispeedn.d. & Scruminc. n.d.).
9EGNBYS al ydzFl O dzNR y & Qso rathé @skaatirg)y 0 dzA f
fromthistK SaA aQa LRAYyG 2F OASod

Extreme Manufaturingbase on 7 principle§lustice 2011)
- minimize cost to make chaegto innovate quickly
- loosecoupling enables making changes in parallel
- working collaboratively n shared space rems\aocks quickly
- doing automated test$irst quickly confirmsmprovement
- test are success criteria
- team morale is multiplier for velocity
- Iterations and stubs make for constant successes

Cost of changéke changes in team, tooling materials, components even
goalsare seen asraimpediment of innowation. If sunk cost is not materjal
AGQa y2i LINE&dwakes as@@ nelv dimaty&Kdppfaaches
possible.As an exampleJustice refers to &2000dollar generic CNC
machinecompared to amillion-dollar equal proprietary solution used by
automotive industry (Brown & Justice2018) and learning how touse
composites to build a car bodynstead of subcontracting on€Justice
2011)

Loose coupling of components has been adopted f@hject Oriented
Architecture, where modularitys achieved through contradirst design
between moduleswith known stable interfaces (KSAs an examplea
joint of suspension t@hassis is standardizethis is also only point where
proactivedesign for future requirerants is done to avoid costly changes
to interfaces(Brown & Justice 2018ptherwise components are designed
minimally tofulfil predefined tests Additionally existing designs, materials
and components are rasedthroughout the car to minimize costglustice
2011))

Extreme Manufacturing follows Scrum practices to have, if possible, team
physically located at the samlecation at the sara time. This enables
pairing and swarming practices inherited from XHFest Driven
development is also a practice from XP, now limiting design efforts to a
level fulfilling pedefinedacceptance testqJustice 2011.)
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High team moralas achieved throughangible welldefined short-term
objectives and feeling constant progreserative approach creates. If
team morale is high, results anemultiplied compared to low morale.
Iterative approach and stubs, which akort-term workarounds for more
permanentsolutions Like havingblocks of tree instead of real suspension
systemto be able to demonstrate #&-be finished product in real life.
(Justice 2011.)

Alkin-all Extreme Manufacturingcombines 12co-existing compatible
practices from Scrum, Extreme Pramgming and ObjectOriented
Architectureas illustrated irFigure 15

XP Engineering Principles
User Stories

Pairing and Swarming

Test Driven Development

Scrum

Object Orientated
Organization

Architecture
Roles & Responsibilities
Iterative Design/Sprints Contract-First Design

Make Work Visible Design Patterns
Measure Velocity Re-use and Inheritance
Continuous Improvement

Modular Components

Figure 15 Extreme Manufacturing principleS¢hwatz, 2017)

Additionally,WikispeedusesLean practicesike 5S (Like2010, 15@151)
to arrange working environmerdnd have modular inventory. Whenever
tools are located next to their consumables. Simédes located in same
place as few categories as possibkeverything is visually accessilile
having transparent bins over drawese that people can sethe conent.
(Justice 2011.)

3 RESEARCH METHOD

3.1 Researchproblem andquestions

The research problenwas to understand could Agile methodologies
provide benefits in Product Development Procesf Discrete
Manufacturing and Assembly Company

The esearch questioswere:
- is thereaneed tochangethe DMAProduct Developmen®rocess
- could Agile software development methodologies be applied
- whichAgile developmenframeworkfits best toDMAenvironment
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- what kind of results (improvement) new operating model provides

Basedon research anévaluationof suitable frameworks againstsearch
subjecQ@quirementsthere wasarecommendation ofctions project to
implementdevelopment process e@mges andmeasuremento evaluate
benefits from the change.

Goals for process deviepment were optimizing existing process,
improving prioritization,increasing quality elevating transparencyand
communicationlf these goals are achievetlwill eventuallyhave positive
impact on employee satisfaction.

Success of this researalas measuredby positive trend between before
and afterchange surveyselated to key goaland keeping up or exceeding
productivity bycomparing experimentation period design release volumes
to previous results

3.2 Research methodologies

Lean management and Agjidevelopmentfalling under Systems Theory
are abstractconcepts even though they mangmes have physical
embodiments.Those exist in consequence of human socaaivitiesand
interactions. According to Karl Poppeese kind of phenomenorbelong
into World Threeof objective knowledgdaving intersubjective ontology.
(Anttila 201541¢45; Niiniluoto 1984, 318321.)

Asthis research aimd to influenceand developrganizationabehaviour
and researchemwas actively contributing to changeresearch straggy
qguite naturally was Action Research where interests are critical and
emancipatorywith practical orientationUnlike nost research strategies
Action researclprescribesresearcherto influence on research subject.
Research isightly integrated intodaily operationand all theparticipants
in the process are subjects to researépproach is empirical in a sense
that it includesperception of research subjedt also hasnterpretative,
hermeneuticattributesas researcheis required to interpret sitation and
factorsinfluendng into it (Anttila 2015439443, Kananer2014,27¢30.)

Action Research ig form of Blended Reseancallowingboth qualitative
and quantitative approachKananen 204, 2@;21). Qualitative semi
structured interviews were used to understand current situation
requirement for change and possible impediments for the chandaEVii
This information combined witbktudies related to theoretical framework
wasused toevaluateoptimal approach to reach goalQuantitative Survey
wasused to evaluatgroject results.

During the researchabductive reasoningvas used Having an initial
thought of issues and plausibégproach toenhance current processas
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verified by havingongant conversation with individuals and with groups
of peope in workshops(Anttila 2015, 118121) Concurrently this
information was used to select anetvaluate different opportunities as
future operating modefor initial PlanDo-StudyAct -cyclewith primary
goal of establishingcontinuously improvingstructured development
process

3.3 Data collectionand analysis

Even thoughhere wasa quitegoodpreconceptioraboutcurrentsituation
of Product Development ProcessiMA and several plausible solutions
how toremedyissues caused bgcreasing demandyrowinggeagraphical
spread and siloed teams combined with short time interval to adapt
operating structurespersonalsemistructured interviews were used to
verify these preconceptiors and understand root causesn more detail
Semistructured interviews provide gh, descriptiveinformation and
R2Say Qi f A Mddicertaiy setSoNdasw& Betsnal interviews
were used to avoidinfluence of team dynamics antb create safe
environment to expresspinions.To avoidinterviewer biasopenended
guestions wee used throughout the interviewgAnttila 2015, 19§201;
Kananen 2014, &B2.)

Aslidzl €t AGIF GA DS NB &SI NeKacticbnotditddheatySt SO0 A 2
of sampling used sampling resembles at bediscretionary sampling.
Interviewees were selected shdt every teamdifferent nationalitiesand

both specialists and managexntributing into Product Development

Process were rapsentedas they were available for the interviewotal

number of ¥ persons wereinterviewed to ensurehigh level of
representation, even thoughanswers started showing saturation already

after 8¢10 interviews(Kananen 2015, 934 )

Interviewswere held mostly faceto-facein DMA premisesor someas a
telephoneinterview. Al interviewswere recordedDiscussions about the
key topics started from generic level gradually going into more detail
simultaneously reflectingnterviewee answersto make not-predefined
additional questionsinterview language was eithdfinnish or English,
depending on native lfeguage of intervieweeRewordings were initially
transcribedby usingspeech recognitiomachine learningervice(Google)
butasthe resutRA Ry Qi KI @S KA dnkerviéng delzar& | O O dzNJ
transcribed manuallyby usinginitial machine transcription Intelligent
verbatim trarscription was used to have easyto-read documents.
Transcriptions were imported intoloudbasedqualitative data analysis
and research service (Atlaswhere it was coded based on themes rising
from interviews.Caling ofmaterial was done in two pass&smakes sure
that themes occurring in later interviews wereoded also infirst
interviews and to ensure coding consistencyetween the two passes
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some codes were splib have more detaibnalysisor mergedif initial
codes were neasimilar.

Instead d trying to forcdully combineresulting30 codes to higher level
codes, data wasanalysedbased on level 1 coding witepreadsheet
application (Microsoft Excel) tdring up most discussedbpics and
concurrenttopicsoccurring in samaentencesBased orthis information
a concept map ofmost pressing issues atitely resolutionswas drawn.
To confirm manual analysisa cloud based semantic analydisol
(Infranodug were used taanalysecode dataand build a full map of topics
and their ceoccurrence.

As therewere noexistingmeasurenentswhich could have been used to
verify effect of changesa small survey was held before and after change.
This approach is seen more reliable than conducting only one survey after
the changesBoth surveysintroduced five statementsand each participant
wererequested to indicate their level of agreement with 5 level Likert scale
from stronglydisagree tostrongly agree. Participants were also given an
opportunity to leave question unansweretdhere was also possibilitp
givegeneric open feedback.atter survey also includeddirect question
whether participants f& that changes hd improved the Product
Development Procesgach arvey questions were selected to depate

of the change goaJsndquestionscan be fand in Appendi®.

A webbasedstructured survey was selecteds a method because it is
easy tamplement andprovides numerical responses whictakesrelative
comparison of before and aftestatus straightforward A web-based
survey platform/Webropol)was used taonduct a survey faall identified
58 persongontributing to Product Development Procegshigh umber
of survey participants was chosen to ensummasonable amount of
answers anahosen methodR A RrgqQiie additionalwork for increased
coverageInvitation emails(Appendix 4.jvere sert late in the evening, so
that participants would see thseon top of their mail list in the morning.
Participants wee given a week toanswer to survey They were also
notified three daysbefore and agairon the morning of thelaythe survey
closedin the midnight. Firstsurvey vasheld during the week beforand
secondsurveywas done during thainth weekafter the implementation
of new method Quite longtime between the surveysasplannedto give
peopk time toorientate to new way of working and to be able to have one
continuous improvement session to-ierate process.

Analysis of the results was dor®y comparing arithmetic means and
variance ofbefore and answer pairs of each question separatély.
suggesed by Anttila (2015, 24@50){ ( dzR S-tédiviege uskd to verify
whether survey result pairs hagtatistically sigdicant difference A two-
sample Ffiest assuming unequal variances were used, even though both
surveysreceived twelve answers,ub it was likelythat respondents were
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not the samein both surveysSurvey results were also visualized witte
chartto help analysis.

3.4 Reliabilty and validity of reseach

Credibility of the qualitative research was sought with sufficiently large

number of interviewees leading into repetition in respondsand
comprehensive representation of different parties related to process. This

approach alsoensured that singleh Y 4 SNIDAS4SS RARY QU KI ¢
weight in synthesis.

Due to the nature ofqualitative research, ensuring its validity and
reliability is challengingnd even moreso to Action research which aims
to change of research subje@€ananen 2015, 12326). Makela (1990, 48)
has suggestechaving followingONR G SNRA I Qa4 @ KSy S@I f dzt
research:
- sufficiency of material
- coverage of analysis
- evaluation and repeatability of the analysis

According takananen (2015, 134137) focus should be put an
- detailed documentation of results, methods and data collection
- confirmationof the research subjetsfor credibility
- detailed documentatiorof starting point for transferability
- use ofmaterial ormethodologicatriangulation
- vindication ofhow interpretation has done and how it is extracted
from material

The validity of the study was verified by &wating different research
theoretical approaches to the problem and excluding the alternatives that
were not relewant to the problem in questiorDespite having a quite clear
preconception of the issueand likely rootcauses,a semistructured
interview was used to avoid possible bias afsearch subscriberin
addition, attention was paid tonon-conducting interview practices,
transcription anccodingof material The analysis was done using generally
well-proven methodswith verification from automated code analysis.
Methodological triangulation was used aerification of results were
analysed with survey, instead of having second round of interviesugh
provides additionakconfirmation of validity.Finally,research subscriber
satisfactionreassuresesearch validity.

The reliability of the research was assured ¢greful and accurate
interview documentationand by striving for a consistent implementation
both from content and interview environmenpoint of view Individual
variation in responsewasneutralizedby the number of interviewees, so
the results of the individual interview did not gain significant weight in the
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results. The interviews can lsemilarlyreplayed but as the situation in the
organization changequickly, the results are onlalid for a limitedtime.

On the other hand, by conducting the survey again with same coridéent
exampleevery six months, it is possible to evaluate the direction and
velocity of evolution. Replenishing focus areas requires interviews to be
repeated or a enlightened asses®ent of the changed state.

3.5 Subject of research

DiscreteManufacturing and Assembly Company (DMA) was founded in
early 2000's, but demand begin to surge couple of years ago. During past
couple of year company has grown from virtuallyaeés a 150 person,
nSI NI &8 wmnn Yespite $tddnyhromkhRMADas been able to
sustain 1213% operating profit level, which can be considered a good
achievement. Most of the diverse personnel consisting around 10
nationalities are Finnisand new assembly line is stimg abroad

Even though DMA has been successfuthey are alwaysseeking
opportunities to enhance their productivity, especially on product
development whichsin the end the key teustainablesuccessSuccessful
businesshasbeenpossibleso farbecatse ofquite small highly motivated
and skilledgroup of individualsvith flexible working methodsTo be able
to build sustaining success more structure in working methedkout
losing agility isoughtafter. Alsogrowingnumber of dispersed resources
are requiring increasing communication, transparen@and optimized
processto be followed by all thecontributors which needs to be
addressed.

4 EMPIRICAL STUDY

4.1 Survey of current state

A semistructured interview was el to survey current state of the
Product Development Proces¢$PDP)in Discrete Manufacturing and
Assembly Companieforeactualinterviews there was a kieff meeting

at 27.9.2018or all personsontributing to orbeinga stakeholdefor PDP
about process developmeninitiative and related thesis work.All the
participants received an invitation letter (Appendix 3) in their meeting
reservation.The goal of the interviewwsas

- to understand current state of product development process
- to verify need of change
- tounderstand possible impedimés for the change
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These were also ththemes used in interviewahich were broken down
into questionsdrilling in to details of each topic. Additionaadhoc
guestions were also used based on individual discussions.

First round of six fac®-face intaviews were conducted 2.10.2018 in
DMA headquartersVersion 10 of interviewquestions (Appendix 2) were
used.Interviews were held in Finnish or English, degieg on interviewee
native languagelnterviews were recorded anttanscribed during next
two weeks withmachine learningpased speech recognition service and
manualcorrection, because machine transcriptido®s low quality.During
this process, recordgs were listened several timeJranscriptions were
sent to interviewee forpossible correctiongand remarks After that all
interviews werenitially categorizedbased on discussion content.

Second round of six fage-face interviews were conducted 15.10.2018 in
DMA headquartersQuestions weresubtlyrefined based on first rowhof
interviews andversion 1.1of interview questions (Appendix 2) were used.
Interviews transcription andcategoisation followed same procedure as
in first round.Two additional phone interviews were arrangeddtober
26" and30™ 2018making totanumber of intervieve 14 despitethere was
distinctive saturation of interview content alreadgluring second round.
Otherwise the proces®r these telephone interviews remained same.

Interview categorizationwas donetwice on the material, @econd pass
merging somesimila codes This also increasetbdequality ascoupleof
the categorieswere raisedin later interviews, even though they existed
already in the early one®ut wereleft unnoticed.

GENDER NATIONALITY

Other
29%

Figure 16.Interviewee demographics.



