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Abstract of Praxis

Evaluating the Impact of Using Agile Methodologies in HeawCivil Construction

Due to a lack of actual datmsed researcimdustrywide implementation of gile
methodologies on heaxagivil construction projects is lackinggadng to management
and performance issues thlatusanefficient project deliveryAs acknowledgedby F.
Ribeiro (2010)i Despit e t he amount of r eseethodsh wor k
proposed by several authors, there is a striking absence of real applications of those
concepts and models in the construction industry. Most of the publications highlight the
theoretical aspects of agility without relating to specific-weaild organizatinal

environmen)t s. O

HeavyCivil Construction focuses on highways, roads, bridges, tunnels,
undergrounditilities, and othetarge public works project&uch work can be new
constructionyeplacement, amintenance, repair, and improvemelotsuse by the general
public. With this comes a set of unique challenges, requiring an extremely focused and
skilled management team. Issues involving ceshedulequality, and safety are most
important and steps atgpically taken to minimizeproblemsrelating to these using a
waterfallmanagement approach to build the jbbe common theory is that the
introduction of agile methodologies would have a positive effect on the efficiency of

these projects for all involved (Mendez, 2018).

Various refereces believe that by implementiagile nethodologies on heavy
civil construction projects, the construction team déetterchance fola successful
build by minimizing issues relating to the Key Performance Indicators ofsmsdule,

quality, and safiy (Owen & Koskela, 2007)I'he following quoteby F. Ribeiro (2010)

Vi



alsosums the beliefsreferencedl t i s assessed dorsidetablagi | e met |
potential for application in construction and that there are significant hurdles to its
adoption inthe actual phas&hould thesée overcomeagile nethods offetbendits well

beyond any individuatompanyo (p.174).

After reviewing cost and incident data for 40 projects that utilizedvdterfall
approach of project management and comparing tbetf projects that implemented
agile methodologies, there is evidence to suppsduadconclusion. This study shows
bothquantitatively and qualitativelhat there is an improvement in project performance
and overall succesm those projectanalyzed heginthat utilized agile methods, thus

presenting evidence to support the existing theories.

Keywords: Agile,Waterfall ManagementProject Performance Improvemehteavy

Civil, Construction
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Chapter 18 Introduction
Aln the successf ul organi zation, no det ai
- Lou Holtz

1.1Background

Heavy-civil construction project managemepwpically follows atop-down or
waterfallmanagemenprocess, with specific sequences and command and control
structuredeveloped andmplemented in order to complete the projecttime and under
budget Per Rapagna (201&),Wat er f al | i's how rstructipne ct manage
wo r ks 1).0

Contractor Enters into a
Contract Contract with the Owner.

Contractor Plans the Most Efficient,

Plan Methodical Way to Complete the
Project on time and under budget.
L C} The Contractor Builds the Project.

Close The Contractor Turns the Project
Over to the Owner for Use.

Figure 1-1. Waterfall Method.

As shown in Figure-ll. i Wa t e r f a |, the wisterfallnethddfocuses on a
linear, topdown approach where past actions are rarely revisited and lessons learned are
typically not reviewed, rearched, or recognized until the end of the projget the

research, #inear strategy is a traditional strategy that consists of dependent sequential



phases that are executed with no feedback loops. The project solution is not released until
the finalphase FFernandez etl,a2008).

Although not an industry standam@fjile methodologiesuchasthe oneshown in
Figure 12.1 Agi | e Me thdvebdeaiitrodgcgeddand utilized iheavycivil
constructionln theagileloop shown the first step taken ier the team to establish the
processes that will be followed by all for any given task. Next, functional teams are
identified that will focus onhe individual activities. The scrum or daily update meeting
follows to continually review and update progresd task completiolNNew assignments
or sprints are regularly assigned to the functional groups and finally, processes and
procedures are reviewed to improve the ovenalfression

To date, someantractorsand desigrbuild teamshave introduced aspiscof the
scrum, sprint, and functional tearan their projects with succe3aneshgari, 2006)
Additionally, survey research has been conducted that predicts that the implementation of
agile on construction projects would be benefid?arF. Ribeiro, Q010),il t i s assesse
that agile methods offers considerable potential for application in construction. Small,
multidisciplinary project teams formed with the most skilled, empowered and highly
motivated people and short, frequent meetings with all teembrars can help to

i ncrease (i7B.i ci ency. 0



Review the Establish
Processes for
Improvement

Processes

Optimize identify who ison
Each Team andtheir
Responsibilities.

Processes

AGILE Identify
METHODS Functional

Assign
Sprints

Assign Sprinisto
the Functional

\ Set Up the Daily

Scrum with the
Functional Teams.

Teams

Figure 1-2. Agile Methodology A d a p t Retivering oo @ualiy with Agile
Software Developmeat(Davis, 2017)
Althoughsurveystudies have been done ttve application and success gfila in
constuction, few studies have considemattualdata fromprojectsto comparehosethat
have anchave not implemented agile methodologdi@sven and Koskela, 200.7As F.
Ribeiro (2010) statetS Despi t e t he amount of research wor
metlods proposed by several authors, there is a striking absence of real applications of
those concepts and models in the construction industry. Most of the publications
highlight the theoretical aspects of agility without relating to specificweald

organzaton al envi mpdémdednt s. o (



IDENTIFY
MILESTONE
ASSIGN
SPRINTS

COMPLETE
SPRINTS

DAILY
UPDATES

Figure 1-3. The ScrumAdapted froni Pee ki ng Behind the Curtain
(Weissman, 2016)

Figures 13.A T h e Sanad M.Mmd h e Sppesenilustrations of he scrum
methodology and how thent fits intothe process. Essentially, therit is a single
task or group of relatetasks that are assigned to a functional team. Thisgess daily
updates regarding progress at tleeusn meetings, allowing all interested parties a chance
to track updatg, offer advice, and participate in the process from start to fiagsh.

presented by Streule et(@016) Mdntioned benefits ofcsum were a higher
4



transparency, better communication and collaboration, better flavwosmation and
faster project devepmento p. 279, showng how the application of theim in

construction was beneficial.

SCRUM

SPRINT
PLANNING

SPRINT
REVIEW

SPRINT
COMPLETE

SPRINT
ASSIGNED

Figure1-4. The Sprint A d a p t @Xdandf Agilayrh Siirint Ahead (Kuter, 2018)

As detailed in Figure-#. A T h ein & e sprint or task is assigned he t
functional group, and the process of planning/execution begins. Using the daily scrum
and sprint review, the process is ongoing until the entire task is complete and accepted by
all. It should be recognized that multiple sprints or tasks can{g@iogand most tasks
wonot b edatdthe samé tene. e

According to Streule et §2016) thar study showed othgyotentialareas of

benefits to the construction teasiiDaily scrum couldbe beneficial to inform



construction companies about the work pregrand the daily go&print) of other
constructiorcompanies also working on sibep. 276. Obviously, the more involved the
complete team is on a d&y-day basis, the more in tune they will be with the overall
progress of the project and how theirnw@anpacts the overall completion of the job.
1.2 Research Motivation

The research motivatioof this studyis to present actual, reaforld project data
from top-down, linear, waterfalttype managegrojects and compare them to those that
have implememd agile methodologiesmilar tothe Daily Scrum, Sprints, and
Functional Teamto the construction process. Ultimately, thigectiveis to determine
the advantagesndbr disadvantages of introducing agitethodologieso heavycivil
constructiorprojects The goal is tdi p u tesbthe multiple studies done via surveys
and singleproject experiments that predict the benefits ofigisgile methods by
evaluating those that have actually used them and seeing what, if any, benefits were
realized.Essentlly, the study aims to further prove that the prior research is valid.
1.3 Problem Statement

Due to a lack of actual quantitativesearch, implementation afjile
methodologies on heaxgivil construction projects is lackinggadng to management
and gerformance issues theauseanefficient project delivery.
1.4 Thesis Statement

By comparing actual data from reabrld projects, this study will aess how the
implementation of agile sthodologies on heawsivil construction projectsmfluence
issues rkating to theKey PerformanceridicatorgKPI) of cost, qualityscheduleand

safety, therebgetermining ifthe implementation of agile methodologresultsin



improved projecefficiency anddelivery, as suggested by researchers who have
published stuigs on the subject
1.5 Research Objectives

Theobjectiveof thisresearchs to show the impact of using agile methodologies
in heavycivil construction using actual project dafdis will be done througthe
analysis of the Key Performance Indicatd®() in order to evaluate which, if any,
actually realized improvemeby utilizing saidmethodsjdentifying any differenceshat
werestatistically significant, andhowing the impact they hauh the overall projeaiata
Most researatrssuggest there M be improvements across the board and this study will
serve to prove that theorfMendez, 2018).
1.6 Research Questions and Hypotheses

Thisresearchs focused on how agile methodologies affect-veald
construction projects based on those Key Rerémce Indicators found in the research
(Cost, Schedule, Quality, and Safety)

RQ1: Will the implementation oégile methodologiesnstead of usingvaterfall
management methods heavycivil bridge construction projectedue
costs associated with vations or changes?

H1: Applying agile methodologiesnstead of usingvaterfall management
methodson heavycivil bridge construction projects will reduce costs
associated with variations or changes

Ho: Applying agile methodologiesnstead of usingvaterfdl management
methodson heavycivil bridge construction projects witlotreduce

costsassociated with variations or changes



RQ2: Will the implementation ofgile methodologiesnstead of using waterfall

RQ3:

management methods beavycivil bridge construton projectseduce

costsassociated with schedule delays?

H1: Applying agile methodologiesnstead of using waterfall management
methods oreavycivil bridge construction projects will reduce costs
associated with schedule delassus waterfall managent
methods

Ho: Applying agile methodologiesnstead of using waterfall management
methods ormeavycivil bridge construction projects witlotreduce
costsassociated with schedule delayssus waterfall management
methods

Will the implementatio of agile methodologiesstead of using waterfall

management methods tieavycivil bridge construction projesreduce

costsassociated with quality reworkersus waterfall management
method®

H1: Applying agile methodologiesnstead of using waterfathanagement
methods oreavycivil bridge construction projects will reduce costs
associated with quality reworlersus waterfall management methods

Ho: Applying agile methodologiesnstead of using waterfall management
methods omeavycivil bridge constuction projects willhotreduce
costsassociated with quality reworkersus waterfall management

methods



RQ4:

RQS5:

RQ6:

Will the implementation of agile methodologiestead of using waterfall
management methods beavycivil bridge construction projecteduce
costs associated with lesine safety incidentgersus waterfall
management metho@s

H1: Applying agile methodologiesnstead of using waterfall management

methods oreavycivil bridge construction projects will reduce costs
associated wittost-time saéty incidents

Ho: Applying agile methodologiesnstead of using waterfall management

methods ormeavycivil bridge construction projects witlotreduce
costsassociated witfost-time safety incidents

Will the implementation of agile methodologiestead of using waterfall

management methods teavycivil bridge construction projects result in

a better ProjecBuccess IndefPS))?

H1: Applying agile methodologiesnstead of using waterfall management
methods ormeavycivil bridge construction prects will result in a
better ProjecSuccess Index (PBI

Ho: Applying agile methodologiesnstead of using waterfall management

methods ormeavycivil bridge construction projects witlotresult in
a better ProjecBuccess Index (PBI

Will the implementation of agile methodologiestead of using waterfall

management methods teavycivil bridge construction projects result in

a better ProjedPerformance ValuéPP\V)?



H1: Applying agile methodologiesnstead of using waterfall management
methodson heavycivil bridge construction projects will result in a
better ProjecPerformance Valu@PPV).
Ho: Applying agile methodologiesnstead of using waterfall management
methods ormeavycivil bridge construction projects witlotresult in
a better Prigect Performance ValuéPPV).
RQ7: Does the Project Performance Value (PPV) result in statistically similar
scoring as the Project Success Index (PSI)?
H1: Comparing the Project Performance Value (PPV) to the Project
Success Index (PSdpes not resuln statistically similar scoring
values.
Ho: Comparing the Project Performance Value (PPV) to the Project
Success Index (PSigsuls in statistically similar scoring values.
1.7 Scope of Research
The sope of thisresearch was to focus on those journals@naications that
concentrated on methods used to measure a CcoO
the Key Bint Indicators used as measaiplevariables, to identify agile methobtsst
suited forconstruction projects, artd collect informatioravalable whereagile method
wereutilized on construction projectdlext, aconsiderable amouwif time was spent
researching andollecting actual project datas provided bgontractors and
professionals in the field who were idved withthe projects frst-hand. Every effort was
made to collect data from similar projetist focused on bridge amghway

improvement projectwith contract valueat or about $20MAll projectscollected and

10



analyzed fell within these guidelingSontractor names and pect identities have been
Asanitizedd to protect proprietary interests
1.8 ResearchLimitations
The limitations of this study are associated withadatailability and the sources
used for the data collectetihis study assumes that the data providezsyasing
legitimate information to be used in the study, but cannot control what is given. Overall,
all data collected seems to be reasonable, so this limitation is not likely. There could be
inherent bias due to the fact that the select dataissednashot of typical projects and
its source was limited to several companies wiaztire in the areas of interest.
Assuming that they represent all companies and all projects-waté&lcould be
inaccurateor unrealistic
1.9 Organization of Praxis
The remander of thisstudy reviewsesearch and literaturegardingthe use of
agile and waterfall methods in construction and the outcomes of such projects. Chapter 3
presentshe methodologiegesearch, data collectioand analysis methods used to best
repregnt the data in hand. Chapter 4 presents the results fsarch and theata
analysis outcome. ChaptepBovidesthe conclusiosof the study based on the findings
and presents recommendations for future wbigure 25.1 Pr axi s Or gani zat i on

illustrates the orgamation of the praxis, detailinfpe chaptersand what they will cover.
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Figure 1-5. Praxis Organization
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Chapter 20 Literature Review
APl ans are of |ittle importance, but pl an
- Winston Churchill

2.1 Introduction

Thepurpose of this studyasto focus orhowthe implementation of agile
methadologies in the field of heawgivil constructonc an af f ect a apdr oj ect 0s
to evaluate thexisting researcheliefs that were based on survaysl interviews/ersus
usingreatlworld projectdata.The first pat of this research wae gain an understanding
of where the constructn industry is with respect tgée implementation, what studies
have been performed to date, and wdgite methodologiehave beemletermined to be
bestsuitedin the field of constructionNext,the focus turned ta@entifying what Key
Performance I ndicators have been established
construction project for performance and to find scoring methods usegl fielthof
constructionto proveapr oj ect 6 s s.Havingssls researcjofir@aisdutes e
to establish these foundational starting points was imperativalerto evaluate real
world data from onstruction projects that used agilethodologesfor comparisorto
those that used traditional approaches.
2.2 Agile Project Management andViethods BestSuited for Construction

Although some aspects tife agile methodologies with respect to project

managemertiave been in existence for decadbeconcepr eal | 'y wasnét defin
t he AMani festo for Agile Software Devel opmen
Project Management 1is def i neadcketbfyledtime n Mani f e

define the gile approach. The manifesto is:
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AWe are uncovering better ways of devel op
others do it. Through this work we have come to value:
Alndividuals and interactions over processes and tools
Aworking software over comprehensive documentation
ACustomer ollaboration over contract negotiation
AResponding to change over following a plan
That is, while there is value in the items on the right, we value the items on the left
more. o (Beck et al, 2001)
As presentedthe authors suggest that tiggl@projectmanagemenapproach
enhances existinghanagemenpractices, leading the way to a better end product.
Although the primary focus of agile dealt with the software development industry, many
believe thathese practices can also be appliedtteer industris; in particularthe
heavycivil construction field.
Defining the values of the Agile Manifestohve n di scussing Al ndi vi
|l nteractions over Processes and Tool o, the a
by working closely together, cartlie responsibilities for developing and improving the
processes as the project proceeds. (Johansson,@ba&)e however, the second item in
the manifesto AWor ki ng Software over isQ@empr ehensi ve
practical application for the comsttion industry. All ownership organizations and
public entities will require and maintain comprehensive documentation at some level.
Additionally, for insurance and legal purposes, contractors are normally required to
maintain documentation and recordshobuse for 5 years or more of past project data.

the past, this amounted to a great deal of handlitngird paper records, but with the
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advent of largescale database technologies, records are much easier to store and
maintain. Most projects are mognn the direction of the cloud or other database
platforms. Regar di ngCdCluabomation over Contract
point out that good relationshipgetween contractors and owngs much further than
poorones and working together Wwiksult in the bestndproduct.The most important
aspect of agile is the ability to respond quickly to issues and make changes as the process
isongoing. This is what the fourth aspect,
P | aindiates

Of the agle methodologies available, many identify the scrum, sprints, and
functional teams as being the besited for constructiorin the studies of llieva et al.
(2004), Svensson & Host (2005), Sillitti et al. (2005), Mann & Maurer (2068Yy
reported thathe adoption ofcrum nethodologyhelps to simplify communication with
the rest of the compangijds inthe development of professional and interpersonal skills
of staff,leads to aeduction of cost overruns, provides a more flexible and obgecti
documemation, and maintaina more satisfying relatiship with the clientClearly, by
implementing the scrum, the company builds stronger employee relationships and task
focused functionalteams.

By providing the individual employees with tbeportunityto join specific
functional teams, they are givarchanceo take ownership of the process and thereby
become a more engaged team meniBer.Moreira (2013)) Eployee engagement
focuses on empowering employees so they carosgifnize intdeamsand can ow and

be a part of the decisiemakingprocess at their own lexeli scrum, you would use a
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sprintto develop a batch of woffler these teams to assume responsibility for and be
charged with the full task from start to finishp. 0.

As is with most eneavors, the ultimate gbaf any projecis to be fiscally
successfulMoreira (2013) reminds us that thelie ultimate business befit of going
agile is that itcan make the company more monkyou are truly committed to
empowering your employees, thgou will provide a work environment where they feel
ownership of the work and can make their own decisions, and they will be more
motivated to activate their brainpower, improving morale and increasing the likelihood
that they will go the extramiletace at e a q u @.Ml5). if gmpgweriogdhect . 0
employees as described results in better efficiency, then companies Ishallldheans
implementthe systems that will lead &aid empowermen©Overall, those construction
projects that implement thersen, sprints, and functional teams have the best chance for
improved efficiency and project delivery. (Streule et al, 2016).

For thisresearchcomparable projec{bridge and highway improvements valued
at approximately $20Myere ollected from contracirs whose project managers
introducedpractices very similar to the&m. The contractorteld meetings, calling
them AResetso or ARevol ver smeetmgpattdhdeéplyat es o, t
leadership an€unctionalteamswhere tasks we assigad (prints) withspecific
deadlines, while future meetings were the forum for feedback and oversight. In most
cases, teams were broken down to a team leader and several people were assignhed to
assist in completing thallocatedtasks. Team memben®rmdly included a manager,
several engineers and/or superintendents, and administrative staff. By working as a team

on a particular area of focus such as fAMinor
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Pavingo, they cover sudhaprbdesses, pubkc odtifcatianf t he i
permits,submittals traffic control, subcontractor coordinatiomaterial acquisition,

equipment rentaipnspectiontesting,andschedulingvork crewsand were left to perform

on their ownoutside of the scrum€ontinudguidanceand oversightvas proviled by

upper management at thersms anddsues were handled proactively. The ultimate goal

in these cases was to empower the employees in order for them to take ownership of their
portions of the project and be more feed on the tasks at hand.

Part of the advantage of these meetings is descbp€iven and Koskela (2006)
as AWor king practices focus on frequent,
multi-functional, seKorganizing intercommunicative tean®crum and other agile
methodologies add to those overall foci by prescribing numbers for the optimum team
size (typically 5 to 20) and iteration periods (typically around &gsdalthough varying
wi d e (p.)23. Orotheseactual projects, the team sitid vary depending on the task
at hand. In some cases drafters and temporary design engineers were part of the team
while others focused more on administratisehedulingand coordinatiorskilled team
members.

In most of the projects sampleding age management practicethe managers
indicated that the processes, functional teams, and sprint tasks changedoroject
progresse@nd that their functional teams were able to adapt more easily due to the daily
scrums and the more detfolcused apmach that comes with the agile management
methodologies. The results provided by thesgect managersvho utilized the agile

methodologies and allowed access to theaject informatiorfor this researchwere of
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measured success. Success that pratddast internally, thavhen using these practices
ontheir projectstheyhavea better chance for success with their application.
2.3 The Agile Research Gap in Construction

Mostof the research that was found relatin@ggile management methods
utilized in constructioriocused on interviewand survey questionnaires conducieth
project professionals in tHeld of construction These project professiongdeesented
their assessment and opiniafdhow the implementation of the agile management
methodologies could positively impact their projedist rarely with any reakorld
applicationor citing for referencefi ReVdd r | d o, i n this case, me an i
managers and staff that measured key performance indicators from projects they
managdusing agile management methods pnoMding actual performancdata for
analysisaken from these agimanaged project3 he agile project datcollected for this
study was from mjectsthat were managed usiagile mehods for the completion of the
projects.

As F. Ribeiro(2010)explainedii Des pi t e t he amount of resea
concepts and the methods proposed by several authors, there is a striking absence of real
applications of those concepts and models in the construction industryoMbst
publications highlight the theoretical aspects of agility without relating to specific real
world organizatio al e n v i mp.ol@jme hststadyfo Rikdeiro himselfsurveyed
12 construction company leadensproject engineern® gain knowledg and insight with
respect to their beliefs on the various aspects of agile methodksasadthathey
believed would be best implementedhe field of constructiorSimilarly, Ekstrom and

Petterson (2016) studied the possibilities of the applicatiagitd methods in
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construction by interviewing 12 professionals in the construction project management
field. They also identified there to laaticipatedoositive gains in the construction
industry, but did so without any real data, jthetir opinions. e of their future research
topics waddentified aghat of studying realorld cases for better performance
understanding.

Among thoseagile management methodentifiedas most prevalerity F.

Ribeiro (2010) as well as Streulet al(2016, werethe ntroduction of the scrunuse of
sprints, andhe forming offunctional teara Both of the authorsalsoclearly identified
the lack ofdata fromreatlworld application of the agile methods identifiecbast
research studiesnd further cited thatilization and resultant dataould be of future
industryvalue A shared opiniomy both authors also identified their belibat a larger
data collection from projects that utilized agile methods compared te thatsdid not
would be of significanvalue andcontribution to the subject matter.

An exampleof surveybasedesearch includgeFernandeand Fernande2008),
who recognized that past research had identified that the introduction and implementation
of agile methods in construction was likely to proglwonsiderable improvements in
project delivery and that more research should be performed with respect to the
application of agile methods outside the scope of software design and prodTic&mn.
belief was based on survey research and not on actyet¢ipdataAnother byOwen
(2006) abespite ali theaet cendtrudiion culture problems, the authors believe
that there is room for use ofie Project Managemenin construction on the site level,
at least for planning, when managers can respaitklg to any change that might occur

in the scope of the projedt. ( p In both dfithese cases, there are clear indications that
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the authors support the introduction of agile methods in construction and that they
anticipate a measureable improvemendverall project efficiency and performance due

to the implementation. They do so based on the opinion of themselves and others and not
on actual data or project results.

Research enginedohansson (2012) described the data used in a study on the

introdct i on of agil e met h drdtleelmakghg of this thesisbotbo n st r uct

primary and secondary data has been used. The primary data being results from the case

study and the interviews conducted and the secondary data consisting of literature

reviews and knowledge gained from scientific reports. ( prurthes,  an effort to

show how the agile management methods can benefit construction, Mostafa, S. et Al

(2016) conducted their entire study on the available research and simply provided a

Systematic Literature Review (SLR) to show how past studies have approached the

subject, using no reavorld data or project informatiotn another study, Mohammed

and Jasim (2018) built their research and conclusions on how the methods found in the

agile manfiesto can be applied in construction based entirely on survey questionnaires

received from 40 engineers in the constructiausiry. Clearlytheseexamples of agile

methodologies in constructiofocus solely on questionnaires and not on anyweald

project dataYet againmoreexamplea of available data being gathered through survey

or past research, but not with actual performance data collected from project results.
Furtherresearclyieldedseveral journal papers suggestihg study of more real

world projects could serve to demonstrate that there wdezd gains to be had by using

agile in construction and that future studies should focus on this aggecadicated by

Mendez (2018) A The primary | i mitati oguidgiieint hi s
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only a si ng@p. &) Anathereresesatchupaper.identified that agile tools,
methods, and processadd considerable value to construction projects (Stracusser,
2015), but only considered 2 construction projacthie studyA study on the

introduction of agile management methods for a project in Poland was conducted on one
project, clearly not looking at larggcale sources of data over multiple projects.
(Nowotarski and Paslowski, 201@)heserealprojects definitelyndicatedimprovements

and they are good examples of the successful implementation of agile methods, but
gaining the knowledge of agile success on a much larger scale is needed if the industry
will see utilization on a largscale basis. P. Ribeiro (2013) simply stiatk ivould also

be useful to enlarge thersple of companies surveyedander to reinforce the obtained

resultso (p. 607), when discussing the success o
PerF.Ribeiro (20,1t i s assessed that agile met hoc
potentialfo appl i cation in construction and that

adoption in the actual phase. Should thesevercome, agile methods offere neyt s wel |
beyond any i nd(p\Vvéliltusaapparenptmptizesesourees all believe

thatagile methods, when introduced to construction on a large scale, would result in

significant improvement in efficienand deliveryacross the industry. They also

recognize that fulkcale implementation is not going to be an easy process due to various
obstacles such as projdgpe, scope, and personnel to name a féthe industry can

adapt and overcome its obstacliggn the survegnd questionnaire methods of research

and data collectioandthose actual project datatnesssamples of success che

linked. This research aims to do that: link gredictions provided viaterviewand
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guestionnairebasedesearch téhe successes witnessed ugiegtworld data

performance.

2.4 Key Performance Indicators

The Key Performance Indicators (KRijethose that ar@entified through the
research asost commonly used to determine the success of a prajdwbugh they can
differ from the point of view of those evaluating the project, this study focused on those
considered of highest value fromthenot r act or 0 sPergChan (R@04)o f Vvi e w.
AOwners, designers, consultants, contractors, as well asosiiactordave their own
project objectives and criteria for measuring sucoess( p .Exathfles pf other points
of view could include the ownerr the architect, where an owner might be more focused
on public convenience as being a success factor or an architect may look at aesthetics as
being an important measure, a contractor may not consider these elements to be as
important.For the purposes oliis study, the Key Performantedicators(KPI) have
beenidentified andsummarized in the form afdividual coss by each KPto the
contractorand illustrated irFigure 2-1. Key Performance I ndicators

|l dent i fyi Chran (2004 wrike8Timé,£qstand quality are the basic
criteria to project success, and they are identified and discussed in almost every article on
project success p. 209. In addition to this, Cha(2004)also identifies afety as &Pl
thatneeds tde considered bgnyone whavould be responsible for issues associated
with it. Although their paper is more focused on the gwastruction phase of a project,
Haponava and Alibouri (2008) recognized that cost, time, and quality were of great
importance, and althoughey referred t@nother KPlas risk managememart of this

clearly includeghe safety of the project as a whdixpenses associat®ith all four of
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these KPI 6s are typical |l y ndymalyooasidergdthe he contr
most importantmeasures on any construction project.

Ot her potenti al dadEONmentalenpact publiecorvehienses r e
team redtions,andtechnology. The environmental impact is typically not a big
consideration from the point of view of the contractdreotthan doing what can be done
to avoid fines or violations associated with the various environmental permits. Costs are
typically negligible outside of the normal site tasks associated with such work. Public
convenience is mostly associated with tratiat can include items such as noise control,
dust control, damage to surrounding facilities or roadways, and private property
incursions As with environmental concerns, issues associated with public convenience
are typically minimal and efforts outsidétbe normally bid scope of work are rarely
encountered. Team relations refers to the co
ownership team and their ability to get along. On most construction projects, a practice
call ed APar t ne niemdohe bidandiitsimdlementatibn uswally takes
care of any iases relating to this subjecto€ts are rarely incurred outside of what is
anticipatedor partnering Lastly, technology on a construction site might include a
computer or cell phone.HE size of the project does affect the amount of technology with
respect to data storage and management, but anything needed is typically identified at bid
time and there are rarely issues with performance.

Subsequentit he f our KPI 6 sQuality, argi Gafdtgre m8&t hedul e,
commonly identified and what this study focuseskigure 21.i Key Per f or manc e

| ndi c at o illsstraie&tRel KéysPgribrmance Indicators as described.
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Figure 2-1. Key Performance I ndicators (KPI 6s)

24.1Cost

Cost, asdentified in this study, are all of those costs associated with unforeseen
circumstancesr variationgypically encountered in construction. These can include
material price fluctuations, equipment availability issues, delivery delays, material
performance issues, manpower shortcomings, and any other additional, unanticipated
costs that were not included in the original bid prodesgal costs should also be
assigned to this indicator as they are normally unforeseen amgkgativelyaffect a
j o b éfermapoe As defined by ChafR2004) costsare "any costs that arise from
variations or modifications during the construction period and the costs arising from legal

claims, such as litigation and arbitratio(p: 209.



Although efforts are made to minime additional costssome issues are out of the
control of the contractor and cano6t be
with schedule delays, quality rework, or safety incidents.

2.4.2 Schedule

Costsassociated with schedule relatenteather delays, access delays, extended
activity durations, thireparty delays, and owner interferenéesimplified illustration is
seen in Figure-2.i S ¢ h e ghawing thesimplified major steps on any project.
Although weather delays are not typigathargeable work days, costs are still
encountered regardirthe needo maintain work areas, office space, personnel and staff
positions, etc. Access delays can include Raffivay delays, permit delays, atiurd-

party interference.

BULD  FINISH

Figure 2-2. Schedile

All of theseschedule issugzevent the contractor from gamgy access to the
project anccompleting the work in a timely manndrird-party delays can include
utilities, local agencies, or subcontractddsvner interference or poor relations canssau
schedule delays in how stringent they are in meeting all project requirements. It is
difficult to predict what type of ownership group will be involved, but contractors
typically do all they can to keep positive working relations and thus an easunoucl
of constant interference and distraction.
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2.4.3 Quality

Althoughthe area of gality can include multiple area$ focus, this study
considers ito be costs associated with rework or repair on substandard work where the
contractspecificationsvere not metAs illustrated in Figure -3 . AQualityo, we s¢
guality process as a cyclical one that is constantly trying to improve and produce a better
product, however there are cashkeseisshesr e i ssue
can inclué completed workhatis required tde removed and redone or work that needs
cosmetic repajmot anticipated in the original biThesetypes of issues are common on
projects but daot occur on every on®uality issues can result in significant cost
increases and associated delays to the project and efforts are typically made to minimize

mistakes.

PLAN | \ ( | DO \

QUALITY

4
7

D-O

Figure 2-3. Quality
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2.4.4 Safety

Costs associated with safety incidents are considered a major factor on a
construction project. Not only are there sigeafit financial impactyutthere can also
be life-changingrepercussions. On top of that, there could be insurance and legal issues
that last for years. For this studygntractors considesafety incidentss thosehatresult
i n ATLionset o, mendinduat @y individweals missed work time due to an injury.
This normally entails a hog&pl visit and reducedmpact worlloads for the employedor
an extended period of time with fyphy. Additionally,it can include paid time off for
healing purposesherapy, workers compensation, permanent disability, and in the worst
cases, death. Most contractors have extensive safety programs and regular diligence is an
expected practice by all people on site.
2.5 Scoring Methods

This section will focus on whatcoring methods are already available to the
construction field and also introduce a rn@ehniquethat will simplify the existing
methods, giving interested parties an approach to scoring that is simply the direct costs to
the project due to the estabbli®e d KOhdeiesKPI6 were established, the focustbé
researclshifted tochoosingscoring methods alreadievelopedand available for usen
varioustypical construction projects. Most scoring methods encountered focused on
s i mi | aasthss®@pvidusly identifiedand weighted them per opinion surveys of
professionals in the field. One such method found was created by Khosravi and Afshari
(2011), which established a Project Success Index {faS6d ornheir own developed

KPI.0s

27



The K P I ffied in tletiepaper wee:
1. Project Cost Performance (PCP)
2. Project Time Performance (PTP)
3. Project Quality Performance (PQP)
4. Project Health, Safety, and Environmé¢HRSE) Performance (PHP)
5. Project Client Satisfaction (PCS)
The authors in this study gght the opinion ofconstructiorprofessionals wo

~

A . . . h-tedn eXperiangé execution of construction projects ranging from the

middle managrs to the project managerso ( Khosr avi and wefeshar.i

issued in order for each individual tesign a score that represented their opinion of
importance regardig t hsandKoRde 6omplete, they wersturned for analysig\s
received, the authors summarized and combined the answers given and developed an
equationthatgavea weighted constand teachof the Key Performance Indicator
variables as follows:

PSI = 0.D9PTP + 0.33PCP + 0199PQP + 0173PHP+ 0.186PCS (1)

The intent of thixreatedormula was for the user to identify the units and input
the values accordingly, thereforealf that was sought was cost value, as in our case for
example, then all variables would be input in monetary value and evaluated as such.
Another approach could be time associated with each KPI. This could be a tool used to
see how the construction schéslwas allocated or where problem areas existed. Another

option ould be for the user to focus only on client satisfaction, adjustmgitoject

variablesinordes cor e based on t hEeredreimaliipteays poi nt

this equation couldédused to evaluate any given project.
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Considering the Key Performance Indicators selected for this study, the Project
Success Index formula above was adjusted to the following:

PSI =0.257PTP + 0.286PCP + 0.244PQP + 0.213PHP (2)

The reason for thiadjustmenis that Project Client Satisfaction is not something
easily measured in monetary value, unless there are specific performance target and
reward conditions built into the contract. This type of incentive program is not the norm
and therefore, wasot includedfor the purposes of this study. In fact, none of the projects
recordedor this studyhad any incentive clauses builttmtheir contractsther than the
normal schedule limitations that serve only to penalize missedinesdiather than
reward for early completion. The 0.186 value assigned to the Project Client Satisfaction
variablein the referenced paperas proportionally distributed over the other four
variables based on their share of the remaining. tatebf this is summarized in Table 2

lLAiUpdated Consdfdlows:s f or PSI 0

Value PTP PCP PQP PHP Sum
Original Constant (OC| 0.209 0.233 0.199 0.173 0.814
% of Sum of OC 0.257 0.286 0.244 0.213 1.000
Share of PCS Value 0.048 0.053 0.045 0.040 0.186

| NewTotal | 0257 | 0286 | 0244 | 0213 | 1.000 |

Table2-1. Updated Constants for PSI

Where; Original Constant (OC) the constants assigned to theginalK P | 6 s .
% Sum of OC = OC / Sum of OC
Share of PCS Value = % Sum of OC x 0.186

New Total =OC + Share of PCSalue
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As a resulbf adjusing the PSI study above, the fawmainingKey Performance
Indicators selected for this study wadentified and correlated to this study follows:
Project Cost Performan¢®CP)= Cost
Project Time Performand®TP)= Schedie
Project Quality Performand®QP)= Quality
Project HSE Performan¢®HP)= Safety
Taking this research furthandcombiningit with personapractical experience
different scoring approach wasveloped that allows the user to more clearly idg thié

recordedsuccesscores with actuadPl costs While the Project Success Index (PSI)

scoring system does have value in that it gi
comparison to other PSI O6s, i t atddomgtlsthen ot pr ovi
KPl 6s and that is the goal for this project.

costs are being incurredh& proposed system will reveal a score that is not only a
scoring value, but it also directly correlates to cost. This isadalie Project Performance
Value (PPV).

With the Project Performance Value method of scoring, all of the original Key
Performance Indicators are used (Cost, Schedule, Quality, and Safetgsasnd
associated witlkeach are taken directly from the projdeta, as they were under the
Project Success Index method. The difference is where the Project Success Index method
uses weighted coefficients to establish an importance level for eadhdffymance
Indicator, the Project Performance methitmdelops amctual cost total for the combined

costs of each KPI
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For example, using the followingypothetical values for a typical projdound

inTable 22.i Samp | e K PuvhereX a One éhsusandwe find

KEY PERFORMANCE INDICATOR | VALUE
COST $100K
SCHEDULE $60K
QUALITY $40K
. sAFETY [ $30K |

Table 22. SampleKPI Values
TheProject Success IndeREIl) method of scoring the project would be:
PSI =0.257PTP + 0.286PCP + 0.244PQP + 0.213PHP
PSI = (0.257 X 60) + (0.286 X00) + (0.244 X 40) + (0.213 X 30
PS =1542 +28.6+ 9.76+ 6.39
PSI =60.2
TheProject Success Index (PSI) yields a score of 60.2 that can be compared to
other prgect data and ranked based on upper and lower boundat&snined by the
evaluator.
The Roject Performance Value ) mettod of scoring the project would be:
PPV = Cost+ Schedule+ Quality + Safety (3)
PPV =100 + 60 + 40 + 30
PPV =230 = $230K
Using the Project PEarmance Value method, we simmygdall of the additional
costsrecoded for an individual project argkt a real dollar amou$230,000.00)hat
accuratdy reflectsthe cost added by the Key Performance Indicators that were not

anticipated at the time of hi@here is a definite benefit in using this method as there is
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no need for conversion or understanding what each Project Performance Value (PPV)
indicates;t is simplythe costs that could potentialhg savedOn a project with a
contract value of $10M, $230,000 represents nearly one quarter of the anticipated profit
that is lost. No contractor wants this kind of impact and anything that can be done to
prevent the loss would be considerkdall cases, the lower tHePV score(cost) the
better.

Moving forward, ather than the values usaldove(i.e. PCP, PTP, etc) g
hypothetical values as found atherresearclstudies, the values in this study will be
taken from atual projects that usdtie waterfallmanagementpproachas well as those
that usedagile methodsof project managemeidr comparisonThis will bedetailedin
Chapter 4
2.6 Summary

As discussedyast researchers have predicted that the introduction of agile
methodologies to construction will result in better project efficiency and delivery. There
are also those who believe that further researohldtbe accomplistd with real world
data to prove these beliefs. Stracusser (2015) wrotéithat i s r ecommended t h
the principles of agile be evaluated for use in other industries/projecthand
management make investments inqwome trainn g f or t h e(p.1). Spndarlys onnel . 0
F. Ribeiro (2010) statefdl | t sessed tlmaagile methods offensiderable potential for
application in construction. Small, mudisciplinary project teams formed with the most
skilled, empowered and highiyiotivated people and short, frequent meetings with all
team members can hel({ppl7dhandfinallycMerdazg2018 f f i ci ency

determinedthaf Based on the case studypraectd compar at
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carried out using neegile mettods, there were clear gains to be had in terms of quality,
productiviiya nd s f78.t y. o

Consideringhese journatourcedheories along with those discussed throughout
this chapter, there is a need to studyrdsltsof using agilemanagementethods in
heavycivil constructionfrom real dataFurther, there is gap identified fronthe
literatureresearcheavith respect tdheanalysis of realorld agile data and its
comparison to normaklynanaged projects. As such, teisdyhascollecteddata from 40
projects that usethe waterfall(linear) approach to project managent, as well as one
that has gathered data from 40 proje¢btt utilized theagile methodsdiscussed
previously The remaining chapters will provide the data and its anabsisg with

conclusion and recommendations for future studies.
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Chapter 30 Methodology

AAgil ity is the ability to adapt and
change as an opportunity, not a threat. o
- Jim Highsmith

3.1 Introduction

The goal of this study is towvaluate how the application ofjge methods in
heavycivil construction affects project performance with respect to cost to the contractor.
In order to accomplish this, significant time was spent collecting actual projedtatata
multiple projects, as provided by several contractors in the industry. Thetsaators
utilized ayile methods in their management approactheyusel the more traditional
waterfallapproachWith this project data, costs to the contrasteredeweloped for
analysis. Costs considered were those relating to unfunded contract variations, schedule
delays, quality rework, and safety incidents. All project information, locations, and
contractor identity has been withheld for proprietary purposes.
3.2 Research Methodology

The research methodolo@yr this studywas both qualitative and quantitative.
The qualitative aspect included researching and determining what has been done to date
with respect to scoring construction projects, how the waterfall methoaject
management has been implemented in constructionahdevmethodologies have been
appliedin constructionwhat have been the besgfile methods usefin the opinionof
past researchers and those in the field who have used itheanstructio, and what

gaps in the research exist for current and future studies.
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The quantitative portion of this studlycusedon the potentigbrojectcost
changesealized byusing the traditional management approach of wateratiugthose
thatutilized agile methodsThese cost variations were determined by actual project cost
data, as collected from various contractors and project managers who currently practice
in the industry. 40 projects from each type of managemgmtoachwere collected and
organized ér statistical evaluatiorurther details are discussed below.

3.3 Data Collection

The quantitativedata collection phase of this study took place oven##fth
period wheramultiple contractors and project managers were contacted in order to collect
pertinent contract information from actual projects completed to d&ke contractor data
for the waterfall projects came from 5 different contractors located both inside and
outside of California, while the data collected for the agile management metirods c
from 4 different contract project managers who at the time worked for 3 different
contractors in California and the East Coastnarrow down this study, efforts were
successfully made to gather project data that focused on bridge and highway work in
order to accurately compare similar projects. Bridge and highway projects as defined for
this study, were those that included at least one bridge construction, replacement, or
repair along with highway paving or tie to get the project back in use by theblic.

The first information collected had to do with all pertin&il costs encountered
by those contractors and project managers who utilized the traditional, top
down/waterfall method of project management. Data from the waterfall projects was
foundto be abundant, and was quickly collected from multiple contractors who work in

the field of heawycivil construction. The next portion, which was much more difficult
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and time consumindgocused on data from projects where contractors and project
managersmplementedygile methodologiesProfessional contacts were used to facilitate
data collection.

During the data organization and evaluation stage of this studgrdjeztcosts
associated with variations, schedule delays, quality rework, and g&Rityoveeje
separated so that theguld be evaluated and summarizeddoalysis Once
summarizedthe PSI scoringystendiscussed in Section 2véas used to score the
projects. Additionallythe newPPV scoring methodlso discussed in Section 2.6 was
usal to score the projectéfter adjusting the PSI scores to be compatible with the PPV
scores, the PPV and PSI values were compared for statistical differéheePPV for
both agile and waterfall methods were compared to each other for statisticahddéfese
well, as were the PSI &6s.

PerTable31.f Sampl e Cost anpad sSacnmpel deu |oef D[Daa tsapoe c i f

data is presented for informatias follows:

Bid Information End of Project Information

Project Title BCost | BCost | BP Final | FCost | FCost | FP
(M) (M) (%) (M)

Bid(M) BWD FWD

(M) (%) | (M)

Mill Bridge

Replacement $22.05 | $20.07| 91.0% | $1.98 | 200

Table3-1. Sample Cost and Schedule Data
Thebid information presents the following:
Bid (M): Total Bid Amount in Millionsof Dollars

BCost (M): Direct and Indirect Costs as Projected at Bid Time in
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BCost (%):

BP (M):

BWD:

Final (M):

FCost (M):

FCost (%):

Millions of Dollars

Direct plusindirect Costs as Projected at Bid Time as a
Percentage of Total Bid

Profit as Projected at Bid Time in Milliored Dollars
Working Days as Projected at Bid Time

Final Contract Value at End of Project in Millioog

Dollars

Final Direct and Indirect Costs as Realized in Milliarfis
Dollars

Final Directplusindirect Costs as Reaéidas a Percentage

of Final Contract Value.

FP (M): Profit as Realized in Millionsf Dollars
FWD: Final Working Days as Realized at End of Project
In addition to the information presented in TaBlé. i Sampl e Cost and Sc
D a t, anore iformation was also collected as shownin Té&b®B A Sampl e Qual ity

SafetyincidentD a t \aith respect to gality andsafety.

Quality Incidents Safety Incidents
Project Lost .
Title Count | Cost ($) Days Inl-i(()jt:;ts Time T'?[])eal‘:)St
(Each) y
ool Bridge |95 | $78.900.00 20
eplacemen

Table3-2. Sample Quality and SafelycidentData
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The variables are defined as:

Count: Number of Quality Incidents

Cost ($): Cost of Identified Quality Incidents
Days: Effect of Quality Incidents in Time
Total: Total Amount of Safety Incidents
Lost Time:  Number of LostTime Safety Incidents

Time Lost:  Amount of Days Lost by an Employee(s)

Continuing on wih the analysis, the next stepssta determine theealizedfinal

cost to the contractdor the progct and theealizedprofit bagd on the final contract

value. With this information, we can determine where the project finished compared to

how it was bid anavhat, if any costs were incurred due to changes. Looking at Table 3

3.AFi nal C o shta t pmmdee e follbwing values for the hypothetical case
Project Title Cpelta ($M) Ppelta ($M) Crproject ($M)
Mill Bridge
Replacement $ 0075 $ (0.m5)

Table33. fAiFinal Cost and Profit Datao

Coelta ($M) = FCost $M) i BCost $M) in millions ($)is the change in
cost to the contractor from thpFojeced cost at the time of bid to the
actual cost at the end of the project.

Poeita (M) = FP (M) i FB ($M) in millions ($)is the Change in Profit
from the anticipated profit at tharte of bid to the actual profit at the end

of the project.
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Crproject (M) = Cpelta (M) - Ppeita (M) is the Total Added Costs to the

project for variations or changes that were not anticipated.

In the cae of this projectthe cost to complete the projecemt up by $75,000.00

while the anticipated profit decreased by $5,000.00, therefore yielding a total added cost

due to variation of $80,000.00.

Next, summarizingll of the issues that lead tioe unanticipatedostsis detailed

in Table 34.A PPV S u rooma bejow:

Project Title

CSched (M)

Cqual (M)

Mill Bridge
Replacement

$ 0.230

$ 0.079

Table34.A PPV Summaryo

Csafe (M) CT(I;’\;lo)ject

PPV

Csched(M) = (FWD i BWD) x $10,000 per day This amount isilso

referredtoat i qui dat ed Damages

and

t hey

ensuring that the project is finished on time. In this case, they did not

finish on time and incurred a significant penalty. Peaalty 0f$10,000

can vary by the project, but this value is typical far $ize of projects

under consideratioper typical projects found on Caltrans projects

Coua (M) = Actual Costs.Quality costs and associated negative

consequenceare tracked in most casés.this case, there were 12

incidents that cost the contractdr working days and ultimately

$79,000.00. This amount accounts for any added costs due schedule

delays.
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Csafe (M) = Time Lost (Days) x $1,200 per dayThe $1,200.00 per day
represents the wages that are still paid, workers compensation increases,
medical osts, and costs associated with loss of manpoWes.cost is
derived from knowing what the typical union worker costs the contractor
per &hour day.These are specific to the event, but on avesagkebased

on experiencewe can expect the $1,200 per dagt.

Crproject (M) = Cpeita (M) - Ppeita (M) is the Total Added Costs to the

project for variations or changes that were not anticipabedease in
anticipated profit can help offset costs, but few contractors count on
increases at the start of the jed.

PPV = Crproject (M) + Csched(M) + Cqua (M) + Csate (M). This isone

way of measuring a projectds perfor man
be used as a uHitss number or as a cost. Either way, the number value is
the same.

In thehypotheticakase presented in this chapter, we find thaptbgect, which
happens to be aaterfallmanaged project, had added costs that were unanticipated in the
amount of $389,000.00. This was a significant addition to the contract and any contractor
would be laking for ways to improve. In context, these added costs negated nearly 20%
of the anticipated profit. As will be shown in Chaptefot,this studywe see an average
improvement usinggile methodologies in the neighborhood of 40%. In this case, that
would have amounted t savings of $155,600.00.

Datafrom 40 projects that employed theaterfall approach andl0 projects that

implementechgile methods were collected. The information sample presentix
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tablesshows the information as it was gathenemhf each projectrom this information,
all Key Performance Indicators, Project Success Indices, and Project Performance Values
were evaluated and determined. Further analysis and study has been conducted and all

information found with respect to the daggresented in the next chapter.

41



Chapter 40 Results

AManagement is all about managing in the
for the |l ong term.o

- Jack Welch

4.1 Introduction

This chaptermpresergthe collected data arelaluaéesit for both statistical
significance and actual cost improvement when comparing agile project data with
waterfall project dataConsidenng the data collected for both waterfall amgil@projects
andexhibitedin Tables 42. fiwaterfall Project Bid Data through 411. iAgile Variable
Dat a a ntlikre € two approaches that were taken to analyze and present the
information in logical form.

Thefirst approacltsimply lookedat the data astraight numerical valuggosts)
by KPI in order to comparthe two types of projects. From this approaolerage costs
for each KPIcan be seen and compared for actual diffsrencebetween the two data
sets. Table4d." Aver age Val ues a suinmaireathegesnunsericlu mmar y o

valuesandreveals that theris improvement in all casesen agile methods were used

Management Cost Schedule Quality Safety PSI | PPV

Agile $72,100.00| $ 30,800.00 $ 12,600.00 $ 15,700.00 0.03% | 0.131
Delta $ 3,500.00] $58,500.00 $19,100.000 $ 2,800.00 0.0212| 0.084

Table 41. Average Values and Analysis Summary
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Proj. # Bid(M) BCost (M) | BCost (%) | BP(M) | BWD
1 $ 22.05 $ 20.07 91.0% $ 1.98 | 200
2 $ 20.35 $ 18.58 91.3% $ 177 185
3 $ 20.15 $ 17.93 89.0% $ 222 | 180
4 $ 15.95 $ 1451 91.0% $ 144 | 145
5 $ 16.60 $ 15.36 92.5% $ 1.25| 150
6 $ 20.75 $ 19.09 92.0% $ 1.66| 140
7 $ 15.95 $ 14.12 88.5% $ 1.83| 220
8 $ 15.65 $ 14.32 91.5% $ 1.33| 180
9 $ 20.60 $ 18.81 91.3% $ 1.79| 190
10 $ 18.00 $ 16.47 91.5% $ 1.53| 180
11 $ 15.95 $ 14.83 93.0% $ 1.12| 145
12 $ 19.25 $ 17.67 91.8% $ 1.58 | 140
13 $ 20.55 $ 18.29 89.0% $ 226 | 205
14 $ 15.55 $ 14.43 92.8% $ 1.12| 150
15 $ 19.60 $ 18.03 92.0% $ 1.57 175
16 $ 17.90 $ 16.74 93.5% $ 1.16 | 185
17 $ 15.80 $ 14.50 91.8% $ 1.30| 120
18 $ 16.25 $ 15.08 92.8% $ 1.17| 150
19 $ 21.95 $ 19.93 90.8% $ 202 | 195
20 $ 16.95 $ 15.73 92.8% $ 122 | 170
21 $ 16.25 $ 15.03 92.5% $ 1.22 | 160
22 $ 16.75 $ 15.49 92.5% $ 1.26 | 160
23 $ 21.50 $ 19.57 91.0% $ 194 | 210
24 $ 15.50 $ 14.23 91.8% $ 1.27| 170
25 $ 23.25 $ 20.69 89.0% $ 256 | 210
26 $ 15.60 $ 14.51 93.0% $ 1.09| 160
27 $ 16.25 $ 14.87 91.5% $ 1.38| 180
28 $ 16.35 $ 15.17 92.8% $ 118 | 160
29 $ 18.25 $ 16.79 92.0% $ 146 | 185
30 $ 16.85 $ 15.22 90.3% $ 1.63| 150
31 $ 16.45 $ 15.13 92.0% $ 1.32| 165
32 $ 17.50 $ 15.93 91.0% $ 158 | 170
33 $ 16.90 $ 15.21 90.0% $ 1.69| 160
34 $ 17.25 $ 15.44 89.5% $ 1.81| 160
35 $ 16.50 $ 15.18 92.0% $ 1.32| 175
36 $ 16.85 $ 15.50 92.0% $ 1.35| 180
37 $ 16.75 $ 15.21 90.8% $ 1.54| 145
38 $ 19.25 $ 17.52 91.0% $ 1.73| 190
39 $ 24.30 $ 22.60 93.0% $ 1.70 | 215
40 $ 23.65 $ 21.99 93.0% $ 1.66 | 220
Avg $ 18.19 $ 16.64 91.5% $ 1.55| 173.25

Table 42. Waterfall Project Bid Data
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Proj. # | Final (M) F((;AO)S‘ F(((f/(‘)’)St FP(M) | FWD | Coeta(M) | Poeta (M)
1 |$ 2279 $ 2082 915% |$ 193] 223 | $ 075 $ (0.05)
2 |$ 2155 $ 1927 894% |$ 228 184 | $ 069| $ 051
3 |$ 2130 $ 19.17| 90.0% |$ 2.13| 185 | $ 1.24| $ (0.09)
4 |$ 1700 $ 1551 91.3% |$ 149| 164 | $ 100 $ 005
5 |$ 1730 $ 1595 922% |$ 135 176 | $ 060] $ 0.10
6 |$ 2240 $ 21.06| 940% |$ 1.34| 144 | $ 197| $ (0.32)
7 |$ 1680 $ 13.78] 82.0% | $ 3.02| 226 | $ (0.34)] $ 1.19
8 |$ 1635 $ 1512 925% |$ 1.23| 192 | $ 080 $ (0.10)
9 |$ 2110 $ 19.83] 940% |$ 127| 194 | $ 1.03| $ (0.53)
10 |$ 1900 $ 17.96] 945% | $ 1.05| 169 | $ 1.49] $ (0.48)
11 |$ 1708 $ 16.03| 940% |$ 1.02| 153 | $ 1.19]| $ (0.09)
12 |$ 2070 $ 1056 945% |$ 1.14| 148 | $ 1.89| $ (.44)
13 |$ 2195 $ 19.76| 90.0% | $ 2.20| 209 | $ 1.47| $ (0.07)
14 |$ 1650 $ 1539 933% |$ 1.11| 163 | $ 096] $ (0.01)
15 |$ 2100 $ 1064 935% |$ 137| 171 | $ 1.60| $ (0.20)
16 |$ 1865 $ 17.39| 933% |$ 126| 189 | $ 065 $ 010
17 |$ 1685 $ 16.01| 950% | $ 084| 132 | $ 150| $ (0.45)
18 |$ 1715 $ 1595/ 93.0% |$ 120| 152 | $ 087] $ 003
19 |$ 2325 $ 2046 88.0% |$ 279 206 | $ 053] $ 0.77
20 |$ 1760 $ 1619 92.0% |$ 141| 177 | $ 046 $ 0.19
21 |$ 1709 $ 1573 923% |$ 1.32| 170 | $ 070]| $ 0.10
22 |$ 1800 $ 1665 925% |$ 135 164 | $ 1.16| $ 0.09
23 |$ 2260 $ 2028 89.8% |$ 232 199 | $ 072 $ 0.38
24 |$ 1689 $ 1546] 91.8% |$ 1.39| 187 | $ 123| $ 0.12
25 |$ 2350 $ 2097 89.3% |$ 253 218 | $ 028 $ (0.03)
26 |$ 1645 $ 1530 93.0% |$ 15| 181 | $ 079 $ 006
27 |$ 1665 $ 1523 915% |$ 142| 184 | $ 037 $ 0.03
28 |$ 1739 $ 1605 925% |$ 1.30| 156 | $ 088 $ 0.12
29 |$ 1885 $ 17.25| 915% |$ 1.60| 191 | $ 046] $ 014
30 |$ 1740 $ 1583 91.0% |$ 157| 156 | $ 062 $ (0.07)
31 |$ 1690 $ 1555 92.0% |$ 1.35| 173 | $ 041] $ 0.04
32 |$ 1790 $ 1580 883% | $ 2.10| 189 | $ (0.13) $ 053
33 |$ 1770 $ 1589 89.8% |$ 1.81| 167 | $ 068 $ 0.12
34 |$ 1745 $ 15.18| 87.0% | $ 2.27| 183 | $ (0.26) $ 0.46
35 |$ 17459 $ 1604 91.9% |$ 141] 190 | $ 086 $ 0.9
36 |$ 1740 $ 1594 916% |$ 146| 198 | $ 044| $ 0.11
37 |$ 1710 $ 15.73] 92.0% | $ 1.37| 147 | $ 052| $ (0.17)
38 |$ 2060 $ 18.77| 91.1% |$ 1.83| 179 | $ 125| $ 0.10
39 |$ 2530 $ 2328 920% |$ 202 234 | $ 068 $ 032
40 |$  248|$ 2308 925% |$ 187 222 | $ 108| $ 022
Avg |$ 1009 $ 17.47| 915% | $ 1.62| 181.13]| $ 0.827 | $ 0.072

Table 43. Waterfall Project Outcome Data
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Quality Incidents

Safety Incidents

Pr;j. C C $ D Total Lost Time

ount ost ($) ays | Total Time Lost
1 12 $ 78,900.00 20 5 0 0
2 1 $ 16,150.00 2 4 1 5.8
3 4 $ 20,550.00 11 4 0 0
4 1 $ 9,850.00 2 1 0 0
5 1 $ 109,800.00 24 4 1 5.8
6 0 $ - 0 3 0 0
7 4 $ 31,400.00 19 5 1 4.2
8 0 $ - 0 4 2 4.2
9 4 $ 94,600.00 3 5 0 0
10 0 $ - 0 0 0 0
11 5 $ 69,300.00 18 4 0 0
12 1 $ 41,200.00 21 3 0 0
13 3 $ 76,800.00 16 5 0 0
14 0 $ - 0 4 2 7.5
15 2 $ 36,700.00 8 4 1 7.5
16 0 $ - 0 4 0 0
17 8 $ 84,650.00 14 3 0 0
18 0 $ - 0 0 0 0
19 1 $ 24,850.00 4 5 0 0
20 0 $ - 0 4 0 0
21 4 $ 56,250.00 4 4 1 7.5
22 0 $ - 0 4 0 0
23 0 $ - 0 5 2 0
24 4 $ 109,900.00 17 4 0 0
25 1 $ 14,900.00 O 5 0 0
26 2 $ 41,750.00 10 4 0 0
27 0 $ - 0 4 0 0
28 3 $ 109,500.00 22 4 1 7.5
29 0 $ - 0 0 0 0
30 0 $ - 0 4 0 0
31 2 $ 45200.00f 9 4 0 0
32 3 $ 25,350.00 5 4 2 7.5
33 1 $ 34,500.00 13 4 0 0
34 2 $ 46,950.00 7 4 0 0
35 0 $ - 0 0 0 0
36 5 $ 39,900.00 8 5 0 0
37 0 $ - 0 3 0 0
38 0 $ - 0 4 0 0
39 2 $ 45950.00 5 5 0 0
40 0 $ - 2 5 1 4.2
Avg 190 | $ 31,622.50 6.60| 3.73 0.375 1.54

Table 44. Waterfall Quality and Safety Data
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. Project

P;?J' Crproject (M) Céls\jlged ((:I\Q/Iu)al Csate (M) CR/IC;QSF Performance
Value (PPV)

1 $ 0.B0 |$ 0.230/$% 0.079 $ -1 $ 0.39 0.379
2 $ 0018 | $ -1$ 0.016]$ 0.070] $ 0.086 0.206
3 $ 0133 |$ 0.050|$ 0.021] $ -1 $ 0.071 0.186
4 $ 0095 |$ 0190/ $ 0.010 $ -1 $ 0.D0 0.305
5 $ 009 |$ 0260/% 0110 % 0.070| $ 0.440 0.509
6 $ 0229 | $ 0.040| $ -1 3 -1 $ 0.040 0.205
7 |$ (0.153)| $ 0060| $ 0031 $ 0050 $ 0.141]  0.227
8 $ 0.0 | $ 0.120| $ -|$ 0.0500 $ 0.170 0.240
9 $ 0156 | $ 0.040|$ 0.095 $ -1 $ 0135 0.185
10 $ 0.B7 | $ -1 $ -1 $ -1 % - 0.100
11 $ 0.P8 | $ 0.080|$ 0.069 $ -1 $ 0.149 0.259
12 $ 0233 | $ 0.080|$ 0.041 $ -1 $ 0121 0.266
13 $ 0154 | $ 0.040|$ 0.077| $ -1 $ 0.117 0.257
14 $ 009 |$ 0.130| $ -|$ 0.090] $ 0.220 0.315
15 $ 0.BO | $ -1$ 0.037/%$ 009 $ 0.127 0.267
16 $ 0.5 | $ 0.040| $ -1 $ -| $ 0.040 0.115
17 $ 0.5 | $ 0.120/$ 0.085 $ -1 $ 0.205 0.310
18 $ 0.4 | $ 0.020| $ -1 $ -1 $ 0.020 0.110
19 | $ (0024 | $ 0110 $ 0025 $ - | $ 0135] 0.265
20 $ 0.27 | $ 0.070| $ -1 $ -1 $ 0.070 0.135
21 $ 0.0 | $ 0.100{$ 0.056| $ 0.090| $ 0.246 0.326
22 $ 0.D7 | $ 0.040| $ -1 $ - | $ 0.040 0.165
23 $ 0034 | $ -1 $ -1 $ -1 % - 0.110
24 $ 0111 | $ 0.170|$ 0.110 $ -1 $ 0.280 0.415
25 $ 0.031|$ 0.080/$ 0.015 $ -1 $ 0.095 0.120
26 $ 0.073|$%$ 020|$ 0.042| $ -1 $ 0252 0.337
27 $ 0.034 | $ 0.040| $ -1 $ - | $ 0.040 0.080
28 $ 0.076 | $ -|$ 0110/ $ 0.090 $ 0.200 0.300
29 $ 0.032 | $ 0.060| $ -1 $ -1 $ 0.060 0.120
30 $ 0.069 | $ 0.060| $ -1 $ -1 $ 0.060 0.115
31 $ 0.7 | $ 0.080|% 0.045 $ -1 $ 0125 0.170
32 $ (0.066)| $ 0.190|$ 0.025/$ 0.090] $ 0.305 0.345
33 $ 0.056 | $ 0.070|$ 0.035 % -1 $ 0.105 0.185
34 $ (0.072)| $ 0.230|$ 0.047| $ -1 $ 0277 0.297
35 $ 0.07 | $ 0.150| $ -1 $ -1 $ 0.150 0.245
36 $ 0033 | $ 0.180|$ 0.040 $ -1 $ 0.220 0.275
37 $ 0069 | $ 0.020| $ -1 $ -1 $ 0.020 0.055
38 $ 0.115| $ -1 % -1 $ -1 $ - 0.135
39 $ 0.036 | $ 0.190|$ 0.046| $ -1 $ 0.236 0.336
40 $ 0.086 | $ 0.020| $ -1$ 0.050| $ 0.070 0.200
Avg $ 0.0056 | $ 0.0893|$ 0.037 | $ 0.0185| $ 0139 0.215

Table 45. Waterfall Variable Data and PPV
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Project Cost

Project Time

Project Quality

Project HSE

Project

P;?J' Performance | Performance | Performance Performance Slzggiss

(PCP) (PTP) (PQP) (PHP) (PSI)

1 $ 0.07 $0.230 $0.079 $ - 0.098
2 $ 0.12 $ - $ 0.016 $ 0.070 0.053
3 $ 0.12 $ 0.050 $0.021 $ - 0.051
4 $ 0.11 $0.190 $ 0.010 $ - 0.081
5 $ 0.07 $ 0.260 $0.110 $0.070 0.128
6 $ 0.17 $ 0.040 $ - $ - 0.057
7 $ 0.09 $ 0.060 $0.031 $ 0.050 0.058
8 $ 0.07 $0.120 $ - $ 0.050 0.062
9 $ 0.05 $ 0.040 $ 0.095 $ - 0.048
10 $ 0.10 $ - $ - $ - 0.029
11 $ 0.11 $ 0.080 $ 0.069 $ - 0.069
12 $ 0.15 $ 0.080 $ 0.041 $ - 0.072
13 $ 0.14 $ 0.040 $0.077 $ - 0.069
14 $ 0.09 $0.130 $ - $ 0.090 0.080
15 $ 0.14 $ - $ 0.037 $ 0.090 0.068
16 $ 0.08 $ 0.040 $ - $ - 0.032
17 $ 0.11 $0.120 $ 0.085 $ - 0.082
18 $ 0.09 $ 0.020 $ - $ - 0.031
19 $ 0.13 $0.110 $ 0.025 $ - 0.072
20 $ 0.07 $ 0.070 $ - $ - 0.037
21 $ 0.08 $ 0.100 $ 0.056 $ 0.090 0.081
22 $ 0.13 $ 0.040 $ - $ - 0.046
23 $ 0.11 $ - $ - $ - 0.031
24 $ 0.14 $0.170 $0.110 $ - 0.109
25 $ 0.03 $ 0.080 $0.015 $ - 0.031
26 $ 0.09 $0.210 $0.042 $ - 0.088
27 $ 0.04 $ 0.040 $ - $ - 0.022
28 $ 0.10 $ - $0.110 $ 0.090 0.074
29 $ 0.06 $ 0.060 $ - $ - 0.033
30 $ 0.05 $ 0.060 $ - $ - 0.031
31 $ 0.04 $ 0.080 $ 0.045 $ - 0.044
32 $ 0. $0.190 $ 0.025 $ 0.090 0.086
33 $ 0.08 $0.070 $ 0.035 $ - 0.049
34 $ 0.02 $0.230 $ 0.047 $ - 0.076
35 $ 0.09 $0.150 $ - $ - 0.066
36 $ 0.05 $0.180 $ 0.040 $ - 0.072
37 $ 0.04 $0.020 $ - $ - 0.015
38 $ 0.14 $ - $ - $ - 0.039
39 $ 0.10 $0.190 $ 0.046 $ - 0.089
40 $ 0.13 $ 0.020 $ - $0.05 0.053
Avg $ 0.09 $0.089 $0.032 $0.019 0.061

Table 46. Waterfall Variable Data and PSI
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Proj #| Bid(M) | BCost (M) B(;)O)St BP (M) | BWD
1 | $1060] $ 1701 | 91.40% | $ 1.69| 220
2 | $ 2320 $ 2140 | 92.25% | $ 1.80| 155
3 | $ 2435 $ 2238 | 91.90% | $ 1.97 | 145
4 | $ 1875 $ 17.20 | 91.75% | $ 1.55 | 140
5 | $ 2295 $ 2123 | 9250% | $ 1.72 | 120
6 | $ 17.60] $ 16.02 | 91.00% | $ 158 | 140
7 | $ 21.40| $ 1956 | 91.40% | $ 1.84 | 155
8 | $ 1665 $ 1528 | 91.75% | $ 1.37 | 115
9 | $ 1095 $ 18.05 | 90.50% | $ 1.90 | 170
10 | $ 21.95| $ 20.08 | 91.50% | $ 1.87 | 200
11 | $ 1875 $ 17.11 | 91.25% | $ 1.64| 210
12 | $ 2385 $ 21.89 | 9180% | $ 1.96| 205
13 | $ 2025| $ 1848 | 91.25% | $ 1.77| 190
14 | $ 2125 $ 190.36 | 91.10% | $ 1.89| 180
15 | $ 2410 $ 21.99 | 91.25% | $ 2.11| 195
16 | $ 19.75| $ 18.09 | 91.60% | $ 1.66 | 185
17 | $ 16.85| $ 1539 | 91.35% | $ 1.46| 170
18 | $ 1950 $ 17.76 | 91.10% | $ 1.74 | 185
10 | $ 2315 $ 21.23 | 9L.70% | $ 1.92| 175
20 | $ 21.10| $ 19.10 | 90.50% | $ 2.00 | 195
21 | $ 1895| $ 17.23 | 90.90% | $ L.72| 180
22 | $ 1850| $ 16.96 | 91.65% | $ 154 | 185
23 | $ 20.60| $ 10.01 | 92.30% | $ 159 | 195
24 | $ 20.90| $ 19.09 | 91.35% | $ 1.81| 175
25 | $ 17.45| $ 15.75 | 90.25% | $ 1.70 | 185
26 | $ 22.40| $ 2059 | 91.90% | $ 1.81| 185
27 | $ 10.70| $ 18.03 | 91.50% | $ 1.67| 195
28 | $ 23.75| $ 21.80 | 91.80% | $ 1.95| 180
20 | $ 24.25| $ 22.12 | 91.20% | $ 2.13| 190
30 | $ 1830| $ 16.73 | 91.40% | $ 157 | 185
31 | $ 20.15| $ 1858 | 92.20% | $ 157 | 195
32 | $ 2170 $ 19.83 | 91.40% | $ 1.87 | 200
33 | $ 10.75| $ 17.87 | 9050% | $ 1.88 | 180
34 | $ 1620 $ 14.79 | 91.30% | $ 141 185
35 | $ 18.15| $ 16.65 | 91.75% | $ 150 | 195
36 | $ 16.85| $ 1547 | 91.80% | $ 1.38| 200
37 | $ 17.95| $ 1667 | 9285% | $ 1.28| 180
38 | $ 1840| $ 16.79 | 91.25% | $ 1.61| 190
39 | $ 1750 $ 16.04 | 91.65% | $ 146 | 170
40 | $ 16.65| $ 1507 | 90.50% | $ 158 | 185
Avg | $ 2008| $ 18.36 | 91.46% | $ 1.71 | 179.63

Table 47. Agile Project BidData
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Proj# | T | TSt | T T RPW) | FWD | Cowa (M) | Poats (M)
1 | $ 2050 $ 1861 90.80% | $ 1.89| 219 | $ 0.70] $ 0.0
2 | $ 2390 $ 21.00] 9200% | $ 191] 149 | $ 059] $ 011
3 | 2485 % 22.74] 9L50% | $ 211 141 | $§ 036] $ 0.4
4 | $ 195 | $ 17.46] 9L15% | $ 1.69| 142 | $ 025 $ 0.5
5 | $ 2425 2249 92.75% | $ 1.76] 126 | $ 126] $ 004
6 | & 1840 $ 1688 91.75% | $ 152| 144 | $ 087| $ (0.07)
7 | § 2210 $ 2053 92.90% | $ 157| 156 | $ 097| $ (0.27)
8 |$ 1825 % 16.70| 91.50% | $ 1.55| 121 | $ 142| $ 0.8
9 | $ 2085 $ 1877 90.00% | $ 2.09| 176 | $ 071] $ 0.9
10 | $ 2295 $ 2091 91.10% | $ 204| 194 | $ 082] $ 018
11 | $ 1960| S 17.86] 91.10% | $ 1.74| 204 | $ 075 $ 0.0
12 | $ 2525 $ 2310 9150% | $ 215 215 | $ 121] $ 0.9
13 | $ 2150 $ 19.87| 9240% | $ 163| 196 | $ 1.39| $ (0.14)
14 | $ 2175 $ 19.79) 91.00% | $ 1.96] 169 | $ 043 $ 0.7
15 | $ 2490| $ 2266) 91.00% | $ 2.24| 184 | $ 067] $ 013
16 | $ 2120 $ 19.50] 92.00% | $ 1.70| 190 | $ 141] $ 0.4
17 | $ 1805 $ 16.47| 91.25% | $ 1.58] 156 | $ 108 $ 0.12
18 | $ 2085 $ 19.00 91.15% | $ 1.85| 164 | $ 124 | $ 0.1
19 | $ 2385 $ 21.82) 9150% |  2.03| 156 | $ 059| $ 0.1
20 | $ 21.70| $ 10.61] 90.35% | $ 209| 210 | $ 051] $ 0.09
21 | $ 2005 1820 90.75% | $ 1.85| 172 | $ 0.97| $ 0.3
22 | $ 1045 $ 17.80| 91.50% | $ 1.65| 186 | $ 0.84] $ 0.1
23 | $ 21.00| $ 1038 92.30% | $ 1.62| 189 | $ 0.37] $ 0.03
24 | $ 21.05($ 1021] 01.25% | $ 1.84| 184 | $ 02| $ 0.03
25 | $ 17.65($ 1593] 90.25% | $ 1.72| 169 | $ 08| $ 0.2
26 | $ 2405 22.08| 91.80% | $ 1.97| 182 | $ 149] $ 0.6
27 | $ 2130 $ 10.49] 91.50% | $ 1.81| 204 | $ 146] $ 0.4
28 | $ 2425 $ 2225 91.75% | $ 200| 172 | $ 045] $ 0.05
20 | $ 2495 $ 2278 91.30% | $217| 178 | $ 0.66] $ 0.04
30 | $ 1000 $ 17.40| 91.10% | $ 1.70| 193 | $ 0.67| $ 0.3
31 | $ 20.70| $ 10.10] 92.25% | $ 1.60| 197 | $ 0.52| $ 0.03
32 | $ 2260 $ 20.68| 91.50% | $ 1.92| 206 | $ 085] $ 0.05
33 | $ 20.90 | $ 18.04| 90.60% | $ 1.96] 178 | $ 106| $ 0.09
34 | $ 17.20| § 15.70| 91.25% | $ 1.51| 164 | $ 0.90] $ 0.10
35 | $ 10.20| $ 17.60| 91.65% | $ 1.60| 207 | $ 094] $ 0.1
36 | $ 18.25| $ 1674 01.75% | $ 1.51| 212 | $ 128| $ 0.2
37 | $ 1840| § 17.14] 93.15% | $ 1.26| 175 | $ 047 $ (0.02)
38 | $ 10.00| § 1738 91.00% | $ 1.72| 174 | $ 059] $ 0.1
39 | $ 17.75| $ 16.24| 91.50% | $ 1.51| 173 | $ 0.20] $ 0.05
40 | $ 1755 5.88| 90.50% | $ 1.67| 169 | $ 081] $ 0.09
Avg | $ 2096] $ 19.17| 91.43% | $ 1.79] 17740 $ 0.802| $ 0.08

Table 48. Agile Project Outcome Data
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Proj Quality Incidents Safety Incidents
# | Count Cost ($) Days | Total | Lost Time | Time Lost
1 1 $ 29,500.00 | 14 7 0 0
2 3 $ 13,500.00f 9 5 1 6.67
3 4 $ 11,650.00f 7 3 0 0
4 1 $ 43,000.00| 17 9 1 5.8
5 0 $ - 0 2 0 0
6 3 $ 8,450.00| 2 3 0 0
7 0 $ - 0 2 0 0
8 0 $ - 0 4 0 0
9 4 $ 10,950.00f 8 5 0 0
10 2 $ 42,000.00f 11 4 0 0
11 2 $ 5,600.00| 3 5 1 4.2
12 0 $ - 0 3 0 0
13 3 $ 9,400.00| 2 0 0 0
14 2 $ 5,250.00| 1 3 0 0
15 2 $ 18,300.00| 8 4 0 0
16 0 $ - 0 3 1 0.9
17 0 $ - 0 0 0 0
18 2 $ 7,600.00| 5 3 0 0
19 2 $ 6,350.00| 2 4 1 5
20 0 $ - 0 6 0 0
21 1 $ 9,250.00| 2 2 0 0
22 2 $ 22,650.00f 1 6 1 4.2
23 3 $ 11,700.00| 4 0 0 0
24 1 $ 9,400.00| 3 2 0 0
25 0 $ - 0 5 0 0
26 2 $ 18,300.00| 4 3 0 0
27 4 $ 43,000.00| 8 4 0 0
28 0 $ - 0 1 0 0
29 1 $ 42,450.00f 6 5 1 6.7
30 3 $ 41,100.00f 7 4 0 0
31 2 $ 13,800.00f 2 4 0 0
32 2 $ 41900.00f 1 3 0 0
33 0 $ - 0 6 1 5.4
34 1 $ 12,500.00f 3 2 0 0
35 0 $ - 0 3 2 3.33
36 2 $ 8,700.00| 2 4 0 0
37 0 $ - 0 4 1 6.25
38 0 $ - 0 3 1 3.75
39 0 $ - 0 6 0 0
40 3 $ 15,400.00f 3 4 0 0

Avg | 145 | $ 12,542.50| 3.38 | 3.65 0.300 1.31

Table 49. Agile Quality and Safety Data
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Project

P;?J Coproject (M) %ﬁ;;‘*d Coua (M) | Ceate (M) CR;I:;JSF Performance
Value (PPV)
1 $ 0.0 | $ -|% 0030 $ - $ 0.030 0.080
2 $ 0048 | $ -|1% 0014 $ 0.080| $ 0.094 0.142
3 $ 0.@2 | $ -1$ 0012 $ - $ 0.012 0.034
4 $ 000 | $ 0020/ $ 0.043| $ 0.070| $ 0.133 0.143
5 $ 0122 | $ 0060 $ -1 $ - $ 0.060 0.182
6 $ 0.4 | $ 0.040| $ 0.008| % - $ 0.048 0.142
7 $ 0124 | $ 0.010| $ -9 - $ 0.010 0.134
8 $ 0.4 | $ 0.060| $ - % - $ 0.060 0.184
9 $ 02 | $ 0060 $ 0.011| % - $ 0.071 0.123
10 $ 0064 | $ -|$ 0042 $ - $ 0.042 0.106
11 $ 0.5 | $ -|1%$ 0006|$ 0050, $ 0.056 0.121
12 $ 0.D2 | $ 0100 | $ -9 - $ 0.100 0.202
13 $ 0.B3 | $ 0.060| $ 0.009| % - $ 0.069 0.222
14 $ 0.B36 | $ -|$ 0005 % - $ 0.005 0.041
15 $ 064 | $ -|$ 0018 $ - $ 0.a8 0.072
16 $ 0.B7 | $ 0.050| $ -1$ 0011 $ 0.061 0.198
17 $ 0096 | $ -1 $ -9 - $ - 0.096
18 $ 0113 | $ -|$ 0008 $ - $ 0.008 0.121
19 $ 0048 | $ - 1% 0006| $ 0.060| $ 0.066 0.114
20 $ 0042 | $ 0.150| $ -1 % - $ 0.150 0.192
21 $ 0084 | $ -|$ 0009 $ - $ 0.009 0.093
22 $ 0073|%$ 0010 $ 0.023| $ 0.050| $ 0.083 0.1%
23 $ 0034 | % -|$ 0012 $ - $ 0.012 0.046
24 $ 0009 | % 0090 $ 0.009 $ - $ 0.099 0.108
25 $ 0016 | $ -1 $ -1 % - $ - 0.016
26 $ 0133 | % - 1% 0018 $ - $ 0.018 0.151
27 $ 0132 | $ 0.090| $ 0.043| $ - $ 0.133 0.265
28 $ 0040 | $ -1 $ -1 $ - $ - 0.040
29 $ 0062 | % -1$ 0042 $ 0.080| $ 0.123 0.184
30 $ 0054 | 3% 0080 % 0041 $ - $ 0.121 0.175
31 $ 0049 | $ 0020 $ 0.014| $ - $ 0.034 0.083
32 $ 0080 | % 0060 $ 0.042| $ - $ 0.102 0.182
33 $ 0097 | % -1 $ -1$ 0065 $ 0.065 0.162
34 $ 0080 | $ -1$ 0013 $ - $ 0.013 0.08
35 $ 0083|% 0120 $ -1$ 0040 $ 0.160 0.243
36 $ 0116 | $ 0.120| $ 0.009| $ - $ 0.129 0.245
37 $ 0049 | $ -1 $ -1$ 0075 $ 0.075 0.124
38 $ 0048 | $ -1 $ -1$ 0.045| $ 0.045 0.093
39 $ 0015| % 0.030| $ -1 $ - $ 0.030 0.046
40 $ 0072 | % -1$%$ 0015 $ - $ 0.015 0.087
Avg | $ 0.0021 | $ 0.0308| $ 0.0126| $ 0.0157| $ 0.059 0.131

Table 410. Agile Variable Dataand PPV
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Project Cost | Project Time PrOJ?.Ct Project HSE SPrOJeCt

Proj. # | Performanc | Performance Quality Performanc uccess
e (PCP) (PTP) Performance e (PHP) Index
(PQP) (PSI)

1 $ 0.09 $ - $ 0.030 $ - 0.033
2 $ 0.07 $ - $ 0.014 $ 0.080 0.040
3 $ 0.05 $ - $ 0.012 $ - 0.017
4 $ 0.04 $ 0.020 $ 0.043 $ 0.070 0.042
5 $ 0.13 $ 0.060 $ - $ - 0.053
6 $ 0.08 $ 0.040 $ 0.008 $ - 0.035
7 $ 0.07 $ 0.010 $ - $ - 0.023
8 $ 0.16 $ 0.060 $ - $ - 0.061
9 $ 0.09 $ 0.060 $ 0.011 $ - 0.044
10 $ 0.10 $ - $ 0.042 $ - 0.039
11 $ 0.09 $ - $ 0.006 $ 0.050 0.036
12 $ 0.14 $ 0.100 $ - $ - 0.066
13 $ 0.13 $ 0.060 $ 0.009 $ - 0.053
14 $ 0.05 $ - $ 0.005 $ - 0.016
15 $ 0.08 $ - $ 0.018 $ - 0.027
16 $ 0.15 $ 0.050 $ - $ 0.011 0.057
17 $ 0.12 $ - $ - $ - 0.034
18 $ 0.14 $ - $ 0.008 $ - 0.040
19 $ 0.07 $ - $ 0.006 $ 0.00 0.034
20 $ 0.06 $ 0.150 $ - $ - 0.056
21 $ 0.11 $ - $ 0.009 $ - 0.034
22 $ 0.09 $ 0.010 $ 0.023 $ 0.050 0.046
23 $ 0.04 $ - $ 0.012 $ - 0.014
24 $ 0.02 $ 0.090 $ 0.009 $ - 0.030
25 $ 0.02 $ - $ - $ - 0.006
26 $ 0.17 $ - $ 0.018 $ - 0.052
27 $ 0.16 $ 0.090 $ 0.043 $ - 0.079
28 $ 0.05 $ - $ - $ - 0.014
29 $ 0.07 $ - $ 0.042 $ 0.080 0.048
30 $ 0.08 $ 0.080 $ 0.041 $ - 0.053
31 $ 0.06 $ 0.020 $ 0.014 $ - 0.024
32 $ 0.09 $ 0.060 $ 0.042 $ - 0.051
33 $ 0.12 $ - $ - $ 0.065 0.047
34 $ 0.10 $ - $ 0.013 $ - 0.032
35 $ 0.11 $ 0.120 $ - $ 0.040 0.069
36 $ 0.14 $ 0.120 $ 0.009 $ - 0.073
37 $ 0.04 $ - $ - $ 0.075 0.029
38 $ 0.07 $ - $ - $ 0.045 0.030
39 $ 0.03 $ 0030 $ - $ - 0.015
40 $ 0.09 $ - $ 0.015 $ - 0.029
Avg $ 0.08 $ 0.031 $ 0.013 $ 0.016 0.0338

Table 411. Agile Variable Data and PSI
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The second approach considered that even though the numerical valweansh
improvement in performance, this could be misleading. Numerical values alone may not
necessarily prove there is any certainty in improvement going from waterfall to agile, so
the need to perform a statistical analysis of the data was recoghiigdtatistical
analysiscan be found in summary formin Tabled2.fi Di st r i but iamd®# Summar y
13.A Test SinQmpter .9 S u mmarheyactual statistical analysis data can
be found in chapters2iit Wat er f al | Cost and twoggh#s& Cost Dat
fWaterfall PSI and Waterfall PPV Data Analysis
4.2 Waterfall Cost and AgileCost Data Analysis
The first step in evaluating all of tlestdatafrom a statistical analysis
perspectivénas to do with whether or not it is normally distried.When the data is
normally distributed, it can be analyzed using ti@stfor statistical significanceé/Nhen
it is notnormally distributeda nonparametric approach must be usédnsidering
Figure4l.0 Wat er f al | C o s,tthe Pfaloehisagimied thar Oy05, Broving 0O
that the costs associated witiriation on thevaterfall projectarenormally distributed.

Thecost valueeferencedvas calculateth Chapter 3asCrproject (M) for both data sets
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Figure 41. Waterfall Cost Probability Plot

Uponreview ofFigure 42.An Agi | e Cost PhedVWalubisdlsoty Pl ot o
greater than 0.05, proving that the castsociated with variation dheagile projectsare

normally distributed.
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Probability Plot of ACost
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Figure 42. Agile Cost Probability Plot
As these two dateets are normally distributed, it shows that there is a good
sampling of data overall, as one would expect variable costs to be linearly related to the
overall project valueSince the data shown bothFigure 41.0 Wat er f al | Cost
Probabi landtFigue A oA @i | e Cost Rrmarbadlydisttibutedy Pl ot o
then the data can lmemparedising the 2Sample {Test to see if there is a significant
difference between the mean of the costdata gts.Tests were conducteding
Minitab 2018 and as tond in Figure 43. i C o sSampg, {Test Resulty the RValue is
greater than 0.05. This indicates ttiare is not a statistically significant difference
between the means and therefahenull hypothesia h at Applying agike

methodologies tdneavycivil bridge construction projects witlot reduce costassociated

with variationsorchangés cannot . be rejected
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Two-Sample TTest and CI: WCost, ACost

Method

m: Mean of WCost

m: Mean of ACost Equal variances are not assumed for this analysis

Difference:m - m

Descriptive Statistics

Sample N Mean StDev SE Mean
WCost 40 0.0755 0.0777 0.012
ACost 40 0.0721 0.0387 0.0061

Estimation for Difference

Difference 95% ClI for Difference
0.0035 (-0.0240, 0.0310)
Test
Null Hypothesis H:m-m=0
Alternative Hypothesis H:m-mKO
T-Value DF P-Value
0.25 57 0.800

Figure 43. Cost 2Sample {Test Results
4.3 Waterfall Schedule and Agile Schedule Dia Analysis
With all of the datasetgvaluation continued for normality firdtooking at
Figure 44.i Wat er f al | S c h e d, thé RVallRRisdebsdhban 010%, prgvingP | ot 0
that the costs associated with the schedule on waterfall projects amermatin

distributed.This is likely due to the zergalue instances where there were no added costs
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due to schedule increases or changés cost valuelue to schedulevas calculated in

Chapter 3 a€sched ($M).
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Figure 44. Waterfall Schedule ProbalbytiPlot
Considering the Figure8. A Agi | e Sc h e dRotoghe PYaleia b i | ity
also less than 0.05, proving that the costs associated with schedule on the agile projects
are not normally distributedror the gile dataset, there are a significantoamt of zere
values for the various projects, therefore leading to apawametric distributionZero
values occur because some projects dondét hav

projectedor actually finish earlyThis is not uncommon.
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Probability Plot of ASched
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Figure 45. Agile Schedule Probability Plot
Since the data shwn in both Figure4. i Wat er f al | Schedul e Prob
and Figure 6.1 Agi | e Schedul &ndPrmownbllgdstributed, themé® | ot 0
cannot use the-3ample {Test, as used with trest data.Insteadthe scheduledata
mustbe compared using a ngarametric test to see if there is a significant difference
between the median of the twcheduledata gts. In this case, the MatWhitney non
parametric test was applieflests were conducted usiMjnitab 2018 and as found in
Figure 46.1 Sc h e d udwWhitndylBllarFha r a me t [thed®Value is less than
0.05. This indicates that there is a statistically significéfference bewveen the medians
andt he nul | h y p oApplymgagile methddaldgiesstd haawgesisbridie

construction projects withot reduce costassociated with schedule delaysi s r ej ect ed.
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Mann-Whitney: WSched, ASched

Method

h:: Mean of WSched
h.: Mean of ASched

Difference:h:-h>

Descriptive Statistics

Sample N Median
WSched 40 0.07
ASched 40 0.00

Estimation for Difference

Difference 95% ClI for Difference Achieved Confidence
0.04 (-0.02, 0.07) 95.09%
Test
Null Hypothesis Ho:hi-h2=0
Alternative Hypothesis Hi:hi-h,K O
Method W-Value P-Value
Not Adjusted for Ties 2021.00 0.000
Adjusted for Ties 2021.00 0.000

Figure 46. Schedule ManwWhitney NorParametric Test.
4.4 Waterfall Quality and Agile Quality Data Analysis
As discussedgstablising the type of distribution in order to determine the test
approachs required.Considering the Figure-d.i Wat er f al | Qualjty Proba
the RValue is less than 0.05, proving that the costs associated witfualiey on

waterfall projects are not normally distributed. This is also likely due to thevadue
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instances where there were no added costs due to quality increases or dfasgest

value was calculated in Chapter 3Gga ($M).
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Figure 47. Waterfall Quality Probability Plot

Considering the Figure& A Agi | e Qual ilatoytheArRPValue s dlsol i ty P
less than 0.05, proving that the costs associated with quality on the agile projects are not
normally distributed. For the agile datasegrthare a significant amount of zeralues
for the various projects, therefore leading to a-parametric distribution. Zero values

occur because s o nmalityrosoigsueshisss nad ancotmmon.h a v e
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Probability Plot of AQual
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Figure 48. Agile Quality ProbabilityPlot
Sincethe data shown in both Figure7dain Wat er f al | Quality Proba

and Figure 8.1 Agi | e Qual i t yisn&tnanmbydistributgdlyen wel ot o
cannot use the-3ample iTest, as used with trestdata. Instead, thguality data nust

be compared using a nqarametric test to see if there is a significant difference between
the median of the twquality data Sets. In this case, the MaWhitney nonparametric

test was appliedlests were conducted using Mirita018 and as found Figure 49.
AQual i tWhitnByaNorR ar a me t [thed®Value is lessé than 0.05. This
indicates that there is a statistically significdifference between the medians and
thereforet he nul | h y p oApglymgagile methddaldgiesstdeavirotvis A
bridge construction projects willot reduce costassociated with quality rewodk i s

rejected
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Mann-Whitney: WQual,

AQual

Method

h:: Mean of WQual

h2: Mean of AQua

Difference:h:-h>

Descriptive Statistics

Sample N Median
WQual 40 0.033
AQual 40 0.009

Estimation for Differe

nce

Difference 95% ClI for Difference Achieved Confidence
0.019 (0.00, 0.035) 95.09%
Test
Null Hypdhesis Ho:hi-h>=0
Alternative Hypothesis Hi:hi-h,K O
Method W-Value P-Value
Not Adjusted for Ties 1882.50 0.012
Adjusted for Ties 1882.50 0.010
Figure 49. Quality ManaWhitney NorParametric Test.

4.5 Waterfall Safety and Agile Safety Data Aalysi

Evaluating the waterfallegety data set for normal distribution yielded similar
results to thavaterfallschedule andvaterfallquality data sets. Consideritfgure 410.
AWat er f al l Saf e, thg PVRIueoishlessthiah 0.05,provitiggiothie gosts
associated with the safety on waterfall projects are not normally distributed. This is also

likely due to the zerwalue instances where there were no added costs due to safety
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increases or changekhis cost value was calculated in Cha@esCsate ($M).
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Figure 410. Waterfall Safety Probability Plot

Considering the Figureedl. i Agi | e Saf e totp, thPRMalbeaskaisd i t y
less than 0.05, proving that the costs associated with safety on the agile projects are not
normally distriluted. For the agile dataset, there are a significant amount eValees
for the various projects, therefore leading to a-parametric distribution. Zero values

occurbecause o me pr o e ct-fimedafetyintidedtsave | os't
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Probability Plot of ASafe
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Figure 411. Agile Sakty Probability Plot

Sincethe data shown in both Figureld. iWaterfall Safety Probabilitf? | oahdo
Figure411. A Agi | e Saf et yismtnormalpdistributed) thel Weocaniot
use the2-Sample 1Test, as used with the Cost Data. Insteagl stthedule data must be
compared using a nguarametric test to see if there is a significant difference between
the median of the two safety dataess. In this case, the MatWhitney nonparametric
test was appliedl'ests were conducted using Mirita018 and as found in Figure ¥2.
ASaf et-Whithbg NoRP a r a me t [thed®Value is dreater than 0.05. This
indicates that there is not a statistically significdifference between the medians and
thereforet he nul | h y p oApglymgagile methddaldgiesstd haawgivis A
bridge construction projects witiot reduce costassociated witlost-time safety

i ncidentsd cannot be rejected
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Mann-Whitney: WSafe, ASafe

Method

Difference:h1-h>

h:: Mean of WSafe

h,: Mean of ASafe

Descriptive Statistics

Sample N Median
WQual 40 0.00
AQual 40 0.00
Estimation for Difference
Difference 95% CI for Difference Achieved Confidence
0.00 (0.00, 0.00) 95.09%
Test
Null Hypothess Ho:hi-h>=0
Alternative Hypothesis Hi:hi-h,K O
Method W-Value P-Value
Not Adjusted for Ties 1627.00 0.950
Adjusted for Ties 1627.00 0.936

Figure 412. Safety ManAVhitney NorParametric Test.

4.6 Waterfall PSI and Agile PSI Data Analysis

After evaluating théata, calculationare performedo determine what the

Project Success IndeRE) values are, as detailed in Chafés fiScoring Methods.

Once these are calculatede can evaluatthe PSlscore for normal distribution.

Consideringrigure 413. iWat er f al |

Value is greater than 0.05, proving the PSI distribution for waterfall projects is normal.
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Probability Plot of WPSI

Normal
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Mean 0.06063
StDev  0.02530
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Figure 413. Waterfall Project Success Index Probability Plot

Consideringrigure 414.MAgl e Pr oj ect SuccessthelrRndex Pr ol

Value is greater than 0.05, proving the PSI distribution for agile projeatsosormal.
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Probability Plot of APSI
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Figure 414. Agile Project Success Index Probability Plot
Sincethe data shown in both Figurel®. iWaterfall Project Success Index
Probabi landtFigureRU4GA @i | e Pr oject Succeiss I ndex P
normally distributed, then the data can be compared using $aenple tTest to see if
there is a significant difference between the rsednhe two PSI data sts.Tests were
conducted using Minita2018 and as found in Figurel®. A Pr oj ect Success | nd
SampledlT e st RthesRYalue & fess than 0.05. This indicates that there is a
statistically significanhdifference between the means dine null hypothesighat states
AApplying agile methodologies to heawsivil bridge construction projects witlot result

in a better ProjecBuccess IndefPSI)6 i s rejected
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Two-Sample TTest and Cl: WPSI, APSI

Method

m: Mean of WPSI

m: Mean of APSI Equal variances are not assumed for this analysis.

Difference:m - m

Descriptive Statistics

Sample N Mean StDev SE Mean
WPSI 40 0.0606 0.0253 0.0040
APSI 40 0.0398 0.0174 0.0028

Estimation for Difference
Difference 95% ClI for Difference
0.02081 (-0.01112, 0.03050)
Test
Null Hypothesis Hom-m=0
Alternative Hypothesis H:m-mKO
T-Value DF P-Value
4.28 69 0.000

Figure 415. Project Success Ind&Sample i{Test Results
4.7 Waterfall PPV and Agile PPV Data Analysis
Since the project data itself has been evalyated¢anperform the calculations to
determine what the PPV values are, as detailed in Chapt&coring Method€Once
these are calculatedie can evaluatthe projectdata sets for nonal digribution.
Considering Figure-46. iWaterfall Project Performance Value Probability Riot t h e

Value is greater than 0.05, proving the PPV distribution for waterfall projects is normal.
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Probability Plot of WPPV
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Figure 416. WaterfallProject Performance Value Prob#iiPlot

Consideringrigure 417. 0Agile Project Performance Value Probability Ript
the RValue is greater than 0.05, proving BV distribution for agile projects is normal.

This is another instanad a good data set with no zevalue data pointgientified.
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Probability Plot of APPV
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Figure 417. Agile Project Performance Value Probability Plot

Since the dataetsshown in both Figure-46. iWaterfall Project Performance
Val ue Pr o bandFidure 4% 0ABile Brojeact Performance Value Probability
Ploto arenormaly distributed, then the data can be compared using-Ben#le {Test
to see if there is a significant difference between the swfahe two Project
Performance Valudatasets.Tests were conducted using Mirit2018 and as found in
Figure 418. 1 P rect Performance ValueQampledilT e st R thesRYalue s @ss

than 0.05. This indicates that there is a statistically signifidéference between the

means anthen u | | t hApglyingayile methaedoldgies to heawsivil bridge
construction pojects willnotresult in a better Proje&erformance Value (PBY i s
rejected.
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Two-Sample TTest and Cl: WPPV, APPV

Method

m: Mean of WPPV

m: Mean of APPV Equal variances are not assumed for this analysis.

Difference:m - m

Descriptive Stéstics

Sample N Mean StDev SE Mean
WPPV 40 0.215 0.1130 0.0180
APPV 40 0.131 0.0623 0.0099

Estimation for Difference
Difference 95% ClI for Difference
0.084 (0.0431, 0.1249)
Test

Null Hypothesis Hrm-m=0
Alternative Hypothesis Hi:m-mKO

T-Value DF P-Value

4.1 60 0.000

Figure 418. Project Performance ValueSample {Test Results
4.8 Waterfall PSI and Waterfall PPV Data Analysis

We know from Chapter i Wat er f al | Project Success | nc
Success | ndexndThapter ZAWal g si abl Project Perfor

and Agile Project Per fthattheadatafer eadlasktise Dat a An a
normally distributed. Therefore, we only need to look at HEaéple {Test to evaluate

whether or not the means of eatdta set considered are statistically similar.
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Before we can do this, however, we need to adjust the scores of one data set by
introducing a constant multiplier so a lkg-like comparison can be evaluated properly.
This is required to remove the fadta of data done by the PSI scoring methadhis
case, the PSlalues weradjustedas shown:

Waterfall Data: Waterfall Average PSI = 0.0614

Waterfall Average PPV = 015
W - Multiplier Average PPV/PSI = 802
Agile Data: Agile Average PSI = 0.03D
Agile Average PPV = 031
A - Multiplier Average PPV/PSI = 391
Considering these new data sets, we first evaluate the adjusted values for

normality as follows:

Probability Plot of CWPSI

Normal
99
» Mean 0.2123
StDev  0.08859
95 N 40
AD 0.304

P-Value 0.554

Percent
U
o

0.5

CWPSI

Figure 419. Corrected Waterfall Project Success Index Probability Plot
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Figure 420. Corrected Agile Project Success Index Probability Plot

As shown in Figure 49. iCorrected Waterfall Project Success Index Probability
P | qtheoplot reveals that the Corrected Waterfall Project Success Index data is normally
distributed (PValue > 0.05). Sintarly, the Corrected Agile Project Success Index data
set is also normallgistributed (See Figure20. iCorrected Agile Project Success Index
Pr obabi ) Atthis poiht, tbet2Z8ampled {Test can be used to evaluate the data
sets.

As such, éstswere conducted using Minité2®18 and as found in Figures24.
AWaterfall PPV vs CSampledlcetsetd Regabt2d. risapi | ePSI1 2
PPV vs Corrected Agile PStQampledT e st R thesRValuesane both greater than
0.05. This indicatethat there isot astatistically significant difference between the

means In other wordsthe null that stateSComparing the Project Performance Value
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