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While the focus of the project management litemathas been on the management of
single projects, the management of multiprojecirenments is largely neglected. In this
research | am focusing on mutiproject environmemtsch exist within a single firm
(hereafter called Alpha). Through my investigationthis multiproject environment |
explored root causes for project inefficiencies ahhirather than being possible to
attribute to source within each single project bdary, are caused by the effects which |
term them systemic effects. System effects arenity;é&riggered by the complex linear ,
nonlinear and time delayed interaction of large inam of factors. | develop a model
which explains the dynamics through which the syisteeffects deteriorate the
performance of the projects in this organizatiorheTmodel is useful in creating
awareness among the managers about the lack ddtivofipproach in decision making
and the effects of suboptimum decisions in this@mwent.
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1. INTRODUCTION

The management of the new product development gsoce a core capability for
manufacturing enterprises operating in competitnakets (Clark and Fujimoto 1991,
Karlsson and Ahlstrom 1996). This capability ne¢dlsbe responsive to demands to
compress development lead time, increase team gody, and ensure the commercial
success of project outcomes in the market (Clart Bojimoto 1991; Meyer and
Utterback 1995; Griffin and Hauser 1996; Zirger diartley 1996). At any point in
time, a manufacturer may be running a large nunolbgrroduct development projects
simultaneously (Reinertsen 1997). This makes itlehging for project managers to
ensure each project is efficient and effective.ikinthe maturity of existing theory in the
development process for single projects , we knitte lon the dynamics of managing
projects unfolding in multi-project environments gidéoka and Cusumano 1994;
Engwall 2001; Repenning 2001; Soderlund 2004)



In some manufacturing organizations, a large nundjeprojects can take place
concurrently to address different needs and objestiSome projects involve radical
development of new products whereas other produetdve incremental changes to
existing products (e.g., development of a new ptatf copying innovations introduced
by competitors, improving existing features, chaggthe supply chain structure or
improving production costs.). Managing projects nmulti project environments is a
complex problem. The complexity stems from variodactors including:
interdependencies between tasks, competing foedhasources, budget limitations, and
the influence of a project output on the developnpeacess for another project.

| structure this article as follows: After presegtibackground literature (82), |
describe my research method, research setting,datad collection procedures (83). |
describe the product development processes in Alpha Then | analyze the data, and
summarize my insights in a system dynamics cauagtaim representation (85). Finally,
| discuss the managerial insights and the implcetito practice (86).

2. THEORETICAL BACKGROUND

Acknowledging that the project systems within praddevelopment environments in
general and specifically in the auto industry asenplex systems, decision making in
such environments is a very difficult task as thare limits for humans’ cognitive and
decision making power(Morecroft 1983). The ratigiyes bounded when it falls short of
omniscience. And the failure of omniscience is édygthe failure of knowing all
alternatives, uncertainty about relevant exogenewusnts, and inability to calculate
consequences(Simon 1979). The principle of boundgmnality suggests that the
performance and success of an organization is gedeprimarily by the psychological
limitations of its members(Morecroft 1983). Peoglenerally adopt an event-based,
open-loop view of causality, ignore feedback preess fail to appreciate time delays
between the action and the response, and nonlipéatihe causal relationships(Sterman
2000 p.27). Over the last few decades one schabloofght in the management literature
has emphasized the importance of analyzing natun@lsocial phenomena from a more
holistic view (Forrester 1971; Checkland 1999).sltolistic view is generally referred to
as system thinking (Forrester 1992; Sterman 2000 approach within the system
thinking is System Dynamics which is a problem sajvmethod used both qualitatively
and qualitatively(Keys 1990; Wolstenholme 1990)st8yn dynamic models implicitly
express these limits and both graphically and caatjmnally assist decision making
with including the effect of feedback loops, noelan relationships, delays and separating
the effect of endogenous and exogenous factorsriadel.

The understanding of system is central to usinge®ydDynamics. Systems can be
classified as “open” or “closed systems”. An opgstam is one characterized by outputs
that respond to inputs, but where the outputs sokated and have no influence on the
inputs (Forrester 1971). In contrast closed systarassystems which their performance
would change based on their pervious performartcs. ery difficult to find systems
which are purely closed. Rather, systems tend ta bembination of open and closed
systems. Also the classification of a system al®gsecor open system is not intrinsic to a
particular assembly of parts but depends on thergbss viewpoint in defining the
purpose of the system (Forrester 1971). System migsais basically about analysing



closed systems. A principal activity in system dyies modelling is to define the
boundary of the system and then translate whatwidsn the boundary into a closed
system model with some rational modelling assunmgtio

“Stock and flow” and feedback loops, are two cdntancepts of system dynamics
(Sterman 2000 p.191). Stocks are the accumulatadnentities within the system
(Forrester 1961 p.68). They characterize the stdtéhe system and generate the
information upon which decisions and actions amedgSterman 2000 p.192). The flows
are defined by rates and their connection to tleekst They determine the rules
regarding how the state of the system would chasgthe time progresses. Feedbacks
are structures existing in many systems. Feedbstobw the effect of the behaviours or
actions of one component in a system on itselfeédback is a causal diagram which is
usually shown by a loop constructed by arrows iaiing the relationships between the
elements of a model.

System dynamics has been used in research on thageraent of large-scale
engineering projects (e.g. Cooper 1980; Williamalel995; Lyneis et al. 2001) and new
product development projects(e.g. Ford and Sterd298; Repenning 2001). Large
engineering projects can be characterized by dimgiof multiple interdependent
components, highly dynamic, involving multiple féadk processes, nonlinear
relationships and including both “hard” and “soffata (Sterman 1992; Shapiro and
Lorenz 2000). These features cause these projesttrsy to behave in complex ways
which are difficult to understand, predict, and g,

Applications of system dynamics have contributesfuisnsights to both the practice
and theory in project management in terms of: lig) géffectiveness of different resource
allocation policies (Roberts 1964, 1974); (2) tberter-productivity of adding resources
in the late project stages as a means to overcompmjact delay(Abdel-Hamid and
Madnick 1991); (3) the negative effect of “errordarework hiding” in concurrent
engineering (Ford and Sterman 2003); and (4) tliectefof change and rework in
construction projects(Love 2002; Park and Pena-M2fl@3; Love et al. 2004). Other
applications of system dynamics exploit its usefafas a tool to resolve legal disputes
in shipbuilding projects (Cooper 1980) and rail wagmanufacturing environments
(Williams et al. 1995; Ackermann et al. 1997; Edsinal. 1998). Very few studies,
however, use system dynamics to address the preldémanaging projects unfolding in
a multi-project environment. A notorious exceptisrRepenning’s (2001) analysis of the
persistence of the fire fighting phenomena in aspager car development environment.
Through the development and simulation of a systismmamics model about the new
product development projects within a car manufaciuRepenning(2001) demonstrates
that if the projects in the organization are nat ¥ath sufficient resources especially in
their early stages, they will get trapped in theffghting mode - the state of focusing on
urgent unplanned activities. Further, he indicales there is a tipping point that, unless
enough resources are fed into the projects to fesgoint, the firefighting mode will
persist in the product development projects.



3. RESEARCH METHOD

This research builds conceptual understanding am dignamics of multi-project

environments from a case study research (Eiseni&&R; Yin 1994). The case study
method— rich in capturing the experiences of the actois thie context (Benbasat et al.
1987; Yin 1994; Strauss and Corbin 1998; Flyvbj2d@1)— suited my research in the
face of the infancy of theory on managing projeatsnulti-project environments. To

analyze the empirical observations, | draw fromotk&cal constructs in product
development and system dynamics. | summarize mghtssand managerial propositions
into graphical models using system dynamics cdosals.

3.1. DATA COLLECTION

The data collection process included face-to-facterviews, analysis of archival
documents, and direct observations in a truck nemtufing company . While direct
observation and archival documents was useful latiom to understanding of the
organization processes and culture, the intervipwsided information about each
individual’s perspective and experiences from tliay to day activities. The fieldwork
extended over 2 years elapsed time. | started #ta dollection process with an
exploratory stage during which | familiarize myselith the working environment and
the organizational culture as well as building tielasship for a long term research
collaboration. During the exploratory stage (2004pent a 5-months student placement
in the company participating in some quality impggment projects as a team member. As
interviews are regarded as the main source of nmdtion collection in System
Dynamics(Luna-Reyes 2003), in the second stage6)j20@onducted a total of 62
interviews with members of five divisions of Alphgroduct development (34
interviews), manufacturing (5 interviews), purchmas(3 interviews), product planning (9
interviews) and brand management (11 interviewse Tespondents had job roles as
diverse as project managers (39), functional masgd8), and project liaisons (10).

The interviews were semi-structured, recorded aBoafiles, and transcribed. The
interviews lasted between 40 minutes up to two fiddly key informant in the company
provided an initial list of names of senior indivals (e.g., vice-presidents, functional
managers) involved in various projects, and antedeic document authorizing the data
collection. From this stage onwards, | used a sm@atiwtactic (Rao and Perry 2003): |
systematically asked my interviewee for the namésother people who could
helpmeprobe more in-depth into the issues emergiogng each interview. The
interviews were conducted in a time span of 7 memtth interviews aiming to identify
the potential opportunities and research focus i interest of the industrial partner
and the authors would match. Starting with someruasired interviews the authors
frequently discussed the content of the interviang gradually narrowed down the focus
of the interviews to the issues considered to lvage for management research.

The potential interviewees were contacted by emad follow up telephone calls to
schedule appointments. The authorization docunlengawith a short description of the
research and a sample of questions were sent ioi@acviewee in advance. Apart from



few instances where two interviewees participatedthie interview, the rest of the
interviews were one-on-one. In the interviews, itlierviewee was first asked to describe
his/her role and responsibilities. Thereafter titerviewee was asked to briefly describe
the content and context of the projects he/she wmaslved. This provided the
background to ask some standard questions suclwlzat were some of the key
managerial decisions in this project? Or; what wire key interactions with other
projects ? However the interview format was kepkithle allowing the interviewer to
explore areas that come to light during the couwsealiscussion(McCutcheon and
Meredith 1993 p.205; Strauss and Corbin 1998).hin last part of the interviews the
discussion was led to the direction where the un&ree were encouraged to express
his/her own personal reflections on what problemslie has observed in the projects
and his/her suggestions for improvement.

4. THE PRODUCT DEVELOPMENT PROCESSAT ALPHA

Alpha follows a “strategic bucket” approach in geection of the projects which means
that different envelops of money or buckets arenéef as a strategic budget for certain
type of projects(Cooper et al. 1997). Projects lvaproposed by any individual or team
in the organization need to be evaluated by a iceRacision Body based on the scope
and relevant bucket (See figure 1). Each DecisiodyBs a committee comprised of a
number of different representatives from differdnisiness units of Alpha and is
authorized to evaluate and approve projects faNuipin a certain budget range. The
larger is the scope of a project, the higher isgbsition of the Decision Body in the
organization hierarchy. A team of experts who aqgeeenced in project cost estimation
initially reviews the proposed projects and onlthié benefits of a proposal out weight its
cost, they pass the proposal together with theiretiand cost estimations to the
corresponding Decision Body. There are three ptessibtcomes of the review of the
Decision Bodies (See figure 1). First, the profsat be rejected because the project may
not fit into the current project portfolio or theage not sufficient available resources.
Second, the decision body may funds a pre-studgnable the project team to further
investigate technical aspects, collect more infdlona and eliminate some of the
uncertainties about the business case. Third, deesidn body may decide to fund the
project proposal and assign a team responsible isviar managing the project.
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Figure 1. The Project Initiation Process at Alpha

The approved projects are carried out according tigpical stage-gate methodology
customized to Alpha. Stage-gate is a model adoptednany product development
organizations to enable the efficient and effectivevement of new products from idea
to launch (Cooper 1990). Stages refer to the dietsvivhich should be carried out by the
multi-functional teams and the gates are the datipdints where senior managers make
decisions about the project. The number of stagdsgates varies between companies.
Some companies may identify as little as four staglhereas other companies may
identify eight or more stages; stages themselvesy tme comprised of different
sequential or parallel activities (Cooper 1990).

Figure 2 illustrates the schematic stage-gate gsotmlowed at Alpha. In pre-study,
the teams develop in-depth feasibility and profliab studies necessary to make
decisions regarding approval/rejection of a projé#dhe project proposal passes the gate

criteria, the team is allowed to move to the consgydy stage.
Final Delivery
Development gate
stagt

Concepl
study gate

Figure 2. Schematic Representation of the Stage-Baicess at Alpha. The rectangles
represent stages and the diamonds represent tles gat
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In the concept study stage, the project team niedsvelop a technical solution. A
multidisciplinary team, involving individuals frormarketing, engineering, aftermarket
and manufacturing, jointly develops a single ortiplé concepts and evaluate the extent
each concept satisfies the requested specificatidfisr a number of iterations and
improvements, the team will select a concept ater abtaining approval for the detall
development gate, the team proceeds to detail dewvent stage. In the detail
development stage, the project team develops ddtagdchnical drawings of the new
product, builds prototypes, and tests the protatypehe field. After getting the approval
for the final development gate the project team peoteed to the final development
stage. The final development stage is actuallystage where the activities regarding the
setup of manufacturing installations take place.il®/khe manufacturing division is
typically involved from the early stages of devetggmt to communicate their
requirements in the designs, the action to setw@p nianufacturing facilities (which
usually require high capital investments) would hettaken before the approval of the
design in the final development gate. Completirggfthal development stage and passing
the delivery gate is the start of the serial proidunc

The project organization in Alpha resembles thétliggeight team structure(Clark
1992). In this project structure, designers andireggs (who are usually involved in
different projects at the same time) reside phylgica their functional areas, but each
functional department designates a person as tiaisbo coordinates the project
activities of his/her respective department witle throject manager and the other
liaisons(Clark 1992 ,see figure 3). In this struetthe project manager does not have any
command authority to any individual designers angireeers but through the respective
project liaison.
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Figure 3. depicts the organization and the areafitience of Project Manager (PM) in
relation to Functional Managers (FM).

Since in the light weight project structure, thejpct manager authority is limited, a
steering committee comprised of different expemehmanagers and representatives of
departments frequently reviews and directs theeptomanagers in major decision
making points. The steering committee is only &ditto make project management
decisions. However in case of any decision affegctime project scope and required
resources it is only the Decision Body which hawedecision making authority.

5. MODEL DEVELOPMENT

The multiproject product development environmerthimi Alpha can be considered as a
complex system(Sterman 1992; Williams 2002). Frdw outset of my framework |
hypothesized that a large part of the managerifficdities existing in product
development within Alpha are originated from systesffects (Rodrigues and Williams
1998; Williams 2005). Systemic effects are the @ffeppearing in the projects because
of the feedback structure, non-linear interactiérth@ variables or the delay between
action and the results. System Dynamics, strongapturing systemic effects was
selected as a suitable theoretical lens to as®sinntollecting data and analysing the
problems in product development projects at Alpha.

As the factors involved in the any real world sitoa is numerous and their
interactions, | need to define which factors | analgsing in my research and which
factors | consider their impact negligible. In adui, as a fundamental principle of
System Dynamics modelling | also need to definetvid&aetors are endogenous and what
factors are exogenous to my model. Endogenousrfaei® the factors arising from
within the system whereas exogenous factors ardattters arising from outside the
system. In System Dynamics the goal is to develap endogenous an explanation for
the problematic dynamics(Sterman 2000 p.95).

Regarding the exogenous factors, firstly | do netsure or evaluate project success
or failure based on the competence of the indilglim the teams. Rather, this study
assumes that everyone in every project is compétetiteir field at the normal level.
Secondly my analysis does not look at the projadiech Alpha outsources to other



parties. | totally exclude all the issues regardaxternal uncertainties to the project. |
acknowledge their existence but are not going talyae their form or their origins.
Thirdly all issues regarding the serial productafter completion of a project are also
excluded in this research. Fourthly, | also consalailable resources as an exogenous
factor meaning that the internal dynamic which Il @epict in my model do not have any
connection to recruitment or laying off of resource

| construct a comprehensive model compassing allféictors | consider in this
research. To further simplify the construction angblanation of my complex model |
divide my data analysis and model building inteefsections:

(1) Project approval and early phases decision making
(2) Maximizing resource utilization

(3) Accelerating project progress and its effect

(4) Multitasking and project team exhaustion

(5) Closing the loop: why the problem persists

I construct this model which | believe is very Halpn understanding the product
development in similar environments to Alpha, hoarev do not follow the
guantification direction in System dynamics as |rii have enough quantitative data
and even with making assumptions | believe thelteétom the quantitative analysis of
this model could be misleading and fragile(Coyl@@0

| elaborate on each of these five sections prasgrévidence from my data and
developing my model using causal diagrams. Juatrasninder one should know that in
the causal diagrams, arrows indicate the direafdhe causality. Signs (‘+ or *-’) imply
the polarity of relationships: a ‘+’ denotes thatiacrease in the independent variable
causes the dependent variable to increase. A “d@snthat an increase in the
independent variable causes the dependent vatialecrease. An arrow crossed with
two parallel lines represents presence of timeydéteom this point the italic phrases in
guotation are refereeing to the parameters in ngge®y Dynamics model.

5.1. PROJECT APPROVAL AND EARLY PHASES DECISION MAKING

Before a project team can acquire necessary resotocstart, the project needs to be
approved by the relevant Decision Body accordinthtoprocess depicted in figure 1. |
have identified some dynamics for the project whgchthrough this stage and | try to
graphically model them with the causal diagramguf@ 4 depicts the early stages of the
stage-gate process in Alpha. The proposed progetts the first stock Projects in DB
Review) through a flow and get reviewed by the respexidecision Body. The Decision
Body review would have three possible outcomesth@)project would get approved and
required resources would be allocated to it, (2)dloject is rejected or delayed based on
the available information or (3) authorized to foarpre-study team to further investigate
the opportunities and costs associated with runtiiegoroject. In the model the projects
requiring pre-study enter the stock éfrbjects in Pre-studyand after the completion of
pre-study, the projects return to the stock Bfdjects in DB Review'( DB refers to
Decision Body). The approved projects will passdbecept study gate¢'S gate)) and



move to the next stage of their development. Thigepts in the pre-study will be
reviewed by the Decision Body again after the puoehscompletion.
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Figure 4.Project Approval Phase for a new projects

One important point, is that the projects which passed to Decision Body review
definitely are advantageous for the company, bexdhe proposing team (with the
assistance of some internal consultancy teamsgdra$ully analysed them and only the
proposals which their benefits outweigh their cast passed to the Decision Bodies.
Therefore the Decision Body may reject a projedy drthe project does not fit with the
current project portfolio of the organisation oetté are not sufficient resources for such a
project at the time. Considering that there hasileeesason (or a concern in relation to
strategic objective of the organization) for prapgsa project, rejecting a project for
portfolio or resource reasons means that the argdon is loosing some opportunities
for improving its market position or revenue. Retjag the long term strategic objectives
of the company such projects would probably beat&t later in the organisation in its
original form or with modifications. This fact ishewn in figure 4 by the arrow
connecting the Rejected or Delayédflow to the “Concerns Reaching Strategic
Targets. This indicates that the more projects get regjdar delayed, the more concerns
regarding the achievement of strategic targets geeConsequently this concern later
leads to introduction of new projects to address skrategic targets which are not
achieved in the current project.

The presence of many different uncertainties inptteeluct development projects and
especially at the early phases, referred to agyftront end in the literature, is a major



source of difficulty in management of product deyehent projects(Verganti 1997; Kim
and Wilemon 2002). Through my empirical investigatit was identified that more than
the technical and market uncertainties, it is te@agement uncertainty(Kahn et al. 2003)
in the early stages of projects which endangerstiteess of the projects in Alpha. One
of the most important management uncertainties deached in my empirical
investigation is caused by the disagreement betwleenDecision Bodies (which are
strongly governed by business units funding thgegpte) and the functional departments
(which own the resources for the projects). Usudiagreements cause the projects at
their early stages to go through several iteratibpre-study and Decision Body Review.
The disagreements arise usually in the cases wherédecision Bodies considers a
project should not be rejected, but disagrees wWith cost estimates provided by the
functional departments. Or in another word, DecidBodies consider the project costs to
be overestimated. Therefore the Decision Body n&kythe functional departments to
reduce the estimates. In contrast, the functioregdadment are reluctant to accept
reductions in the cost estimates (which means el@fig the project with the same scope
but less cost) insisting that the estimates aréstiea and reliable. This situation was
described by one of the project leaders as:

“I should say that it is like a theatre that | araling something to the
management and they push to get the best deal amdtitying to scream and
ask for the resources | want, they continue toraskmore for less price and
only would stop when | am almost dead of screamigjectLeader

Through my interviews | realized that disagreemisnactually derived from the
“Lack of Trust in Decision Bodies to Estimatdshis lack of trust originates jointly from
“Over-Estimating practices in the functional departments and thesigting Tendency
Toward Optimistic Estimatésn the Decision Bodies.Over-Estimatingitself is caused
by the ‘Motives to Reduce Work Pressuréhese relationships are indicated in figure 6.
The source of Motives to Reduce Work Pressuamd the Tendency Toward Optimistic
Estimateis from some other causal relationships whiclostpone their explanation till
section 5.5.

Since the projects circulation in the pr-study &wetision Body review means more
and more delays in a project, when a project gbesugh several cycles, the project
managers realize the risk of time delays and faiinrthe next stages and therefore she/he
pressurizes the Decision Body and the functiongladenents to reach a compromise.
The compromise is usually involving the start of fhroject with some initial resources
while still the total required resources of thejpob are to be agreed. Although, this type
of compromises would permit the start of the prpjstill projects do not have sufficient
resources to progress satisfactorily. One of tlogept liaisons describe this dynamics as:

“In fact, it is “the timé& which makes most of our decisions. We get
trapped in endless discussions until we find thate is not much time left
for the project. So hastily agree on starting thiejgct while still there is
disagreement with the Decision Bodies and the ptojguffers from
sufficient committed resourcesProject manager
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| indicated this dynamic by the two arrows startimgm “Projects in DB Revietv
and ‘Projects in Pre-Studypointing to the Time Concerns —Pre-Stutyhich basically
indicates that; the increase of the number of ptején the decision body review and
projects in pre-study boosts the concern of thgeptananagers about their project being
delayed. The arrow connectindithe Concerns Pre-Stutlyo “Pressure to Reach a
Compromisg indicates that the increase in the project mars&igene concerns, leads
them to put pressure on the two sides to reachmgmise. And as indicated in the
model, this pressure will cause the disagreementiedcrease and consequently the
“Further Estimatioi rate will be reduced. The reduction ‘@further Estimation” rate
means that the projects would go through feweresyof Decision Body review and pre-
study.

I finish this section while leaving explanation fture following two factors for
section 5.5: How rhotives to reduce the work pressuregarding project cost overrun
and working under pressure is created? Wieyndency toward optimistic estimdtes
the Decision Bodies persists?

5.2. MAXIMIZING RESOURCE UTILIZATION

The second part of the model is related to sonteeoshort term decisions within the
functional departments which affect the performanéethe projects. The functional
departments within organizations such as Alphavarg specialized groups of people
which the organization through strategic human ues® planning has assembled
throughout many years and the organization is kesn in maintaining and improving
its technically competent members. Therefore, stepsnake changes in the human
resources are taken with great deal of cautiors fgans that human resource capacities
in the functional departments are very stable. @ndther side, there is fluctuation in
utilized resources, since different projects neér@nt amount of each certain type of
resources at each phase of their life cycle. Howetlee gap between capacity and
utilized resources may further increase becauseanify different reasons including delay
in the upstream phases of the projects, cancellatioa project, or temporary low
demand of certain specialty because of projectf@mt combination. Therefore,
temporary idleness is a probable state in any tmpat because of different reasons
some of them mentioned above.

In general, idleness is regarded as a vulnerallatgin for both individuals and
departments concerning job security and face. Wlitiat, low work load and excess
capacity increases the risk of reduction in theadmpental resource budget for the next
financial period. Therefore, in the periods of timkere the functional managers observe
unused resources in the departments, they encotlrageritiation of some new projects
which would utilize the existing excess resourddewever because of organizational
complexities and the management uncertainties degarwhich projects will be
approved in the next periods, the functional depants engage resources which could
after a while become bottlenecks(Goldratt 1997;iK&002) in the pipeline of projects.
My observations in Alpha indicated that the funocibmanagers tend to seek solutions to
engage unutilized resource as soon as possibler ridiin tolerating idleness and smother
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project pipeline. This is in contrast to recommermies in the literature that propose
considering some buffers in project schedules(Gaid997).

| represent these dynamics as following: Threevesraith negative polarity connect
the stock of projects in the last three stageseskelbpment to the variabléPerceived
Available ResourcésThis means the fewer projects are accumulateose stocks, the
more resources are perceived to be available ifuthetional departments (see figure 5).
An arrow in the model connectdérceived Available Resouréeto “Rejected or
Delayed basically indicates that when th&érceived Available Resourtesicreases
then the functional departments’ relationships vibérision Bodies is more in favor of
accepting projects or in another word avoiding aggm of the projects in review. In
addition, another arrow pointing fromPérceived Available Resourteto the rate
“Initiation” indicates that by more available resources thectional departments
encourage submission of more project proposals.
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Figure 5.Causal relationship regarding maximiziregource utilization. The parts of the
model not in focus I this section are colored blue.

5.3. ACCELERATING PROJECT PROGRESSAND ITSEFFECTS

In previous sections | explained how the intensoyeles before a project getting

approval, results in the projects being delayedadiition because of many reasons,
some projects in their early stages may suffer frogufficient resources (as discussed
earlier) and therefore they experience slow pragrsaddition, because of unexpected
events in projects some reworking may be requirbechvcause further delays in the

projects. Therefore, the result is that commonlgjemt managers face circumstances
where the risk of project time over-run is veryhignnless she/he prepares solutions in
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each stage of the project to accelerate the prdmotery. | especially found that project
managers mainly follow three strategies to speetheproject delivery in Alpha:

(1) Project descoping
(2) Cutting the corners
(3) Deploying faster alternative methods

Project descopings the practice of reducing the content of a mjsually after the
project proposal is approved. Apart from the cdbas the project team realizes that a
part of the project is not technically/economicalgasible, the project manager may
support a change request where descoping is negessaeduce the content of the
project to rescue the rest of the project from péate. While descoping a project needs
approval from the project steering committee anel tbspective Decision Bodies, it
might be the only way a project can be deliveredime. As an example, in the “Green
Engine” project the delivery of the some truck mats initially included in the project
were excluded from the project as the pressure tinoe delivery of some of the variants
were very high.

Project descoping to reduce the content of a prageovercome time and budget
difficulties is a common practice in Alpha. Thisaptice works tactically because projects
get descoped but their resources (often) are doicexl proportionally or even sometimes
does not change at all.

| found that project descoping is primarily occagiin Concept Study stage and
Detailed Development stage. In contrast, | founat throject descoping in the Final
Development stage is minor since the projects & Fmnal Development are highly
mature in terms of design and tests and the ae8vitn this stage are mainly
manufacturing setup related activities. Therefoteeng Committees and Decision
Bodies are reluctant to accept descoping while gheduct development is nearly
completed. In my model | have depicted the desgppnactice only for Concept Study
stage and Detailed Development stage.

In the model (figure 6) the increase in the stotkhe projects in the Concept Study
causes theTime Concerns for Projects C 8 increase. With an arrow pointing from
this variable to Descoping C 'Sl have indicated how the “time concerns for thejgcts
in the Concept Study” encourages project managepsédctice descoping in this stage.
Practicing the descoping in the Concept Study helmgects to progress faster and
therefore the flow of Development Gateincreases. On the other side, by an arrow
connecting the descoping C 'Sto the “Concerns —Reaching the Strategic Targdts
have shown by descoping the projects some stratagets- which determine priority of
the product development deliveries- are not satisfiTherefore some new projects
should be initiated in the future for the delivedfyparts missed in the earlier projects.

A similar structure is depicted for Detailed Devmizent in Figure 6.
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Figure 6. Effects of project accelerating strateggiC S and D D refer consequently to
Concept Study and Detailed Development

Cutting the cornerss the practice of skipping some necessary stefisegbrojects to
reduce the project duration (Repenning and Ste2084). When projects are under time
pressure, project teams may leave out some keyitggiin the interest of saving time
(Cooper et al. 2000). One respondent observed loome necessary gate criteria were
relaxed to speed up the project:

“We were really behind the schedule. The Wintetstéake a lot of time and
we usually do it six times for reliability mattefBo speed up the project we
decided to do only 1 winter test while taking tiek rof low reliability and
posing the company to high warranty cofeoject Liaison

Although cutting the corners would help higher pobjprogress rate, this practice,
increases the chance of technical failures andtgualated problems in the later stages
of the projects(Cooper et al. 2000; Sethi 2000)pAsby one of the respondents:

“The late start caused that in the later stagegh# project there was not
time to complete all the tests. Either we skippatiestest or continued to
the next stage when the reliability test was stihning and we were not
sure about the results. In some instances thevigsicle was difficult to

build because the parts were not available. Thesguee was to pass the
gate without really satisfying the requiremersoject Liaison

“In the project we had to build the prototype vdaitwo timegwhich
we usually do it only one timejince the first time which we were asked to
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do we did not have the design of all the componeetsequire. However

because of the project time pressure we built thé&opype using some of the
parts from the previous designs. Later we found tt problems with the

prototype and we had to build it again from theibagg. This caused a lot

of cost and further increased the project time pues .... We had to spend
a lot more and work harder to meet the deadlinedmpress the project

time.” Project Liaison

| represent this practice in my model (see figuyea$ follows: An arrow starting
from the ‘Time Concerns for Projects in C oints to ‘Cutting the Corners C"SThis
arrow indicates that by the increase in the timaceons, the “cutting the corners”
practice increases. Another arrow connecti@gtting the Corners C"So “Development
gate indicates the effect of cutting the corners igrgasing the rate which the projects
pass the development gate. The negative effecutting the corners, which usually
happens after a time delay, is indicated by thevaaonnecting €utting the corners C'S
to “Design Failure Risk Consequently, the increase in theg$ign Failure RisKsleads
to the decrease in thd-ihal development gaterate. A similar structure for Detailed
Development gate is depicted in Figure 6. Howevetirey the corner strategy is not
possible to practice in the Final Development sittoe project team is supposed to
deliver the project as a complete fault free whthere is not chances of skipping any
requirements. In fact this is the stage where #réspskipped in the previous stages and
their associated issues needs to be resolved. foherehave not included "cutting the
corner” as a project accelerating technique irRinal Development gate.

As | have observed, there are limits for practicihg first two project accelerating
strategies. There is always reluctance from DegiBiodies to approve descoping request
and there are always cases where the risk of guttie corners is large and evident. A
third strategy which isleploying faster alternative methosused in Alpha to improve
the speed of the projects. Basically this strateggyabout using some methods (e.g.
recruiting temporary external designers, using giyging manufacturing methods for
mass production of some delayed components, etichwisually cost more but can help
the project to deliver faster. Extensive reliandetlis strategy leads the product
development organization to be trapped in firefigipt mode. As researched by
Repenning (2001), neglecting the earlier stagggraduct development and focusing on
fixing problems after their occurrence leads tohhigost and inefficiency in the
projects(Repenning and Sterman 2001).

In Alpha “deploying faster alternative methods’usually practiced at the very late
stages of the projects where there is no otherowoptAs previously mentioned the
Decision Bodies are very much cost concerned aatkfbre usually only in the late
sages where the project is really in danger, theidimn Body would authorize using
faster alternative methods. Therefore | did notude this practice in the Concept Study
stage. In the detailed development stage and tieaklopment stage | depicted this
strategy by the arrow connecting the “time concdamnsprojects in D D” to deploying
“faster alternative methods D D’(see figure 7). Twther arrows indicate that this
practice increases both the “Final development’gate and the “project costs”. Similar
relationships are indicated for Final Developmeags.
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projects

Historically project teams in Alpha were enjoyitg trather relaxed project deadlines
as the Decision Bodies used to suspend projectideasb the project team would catch
up. However the tougher competition in the TrucHustry needs the manufacturers to
deliver their product to fixed deadlines such ascKrexhibitions or emission regulation
enforcement deadlines. Consequently the firefightimode has emerged as a dominant
working mode in many of projects in Alpha as projectheir early stage suffer from
deficiencies caused by systemic effects mentioaedee

5.4. MULTITASKING AND PROJECT TEAM EXHAUSTION

So far | explained how the projects inflow to th@quct development organization of
Alpha and how project managers would attempt dsfferstrategies to accelerate the
project progress. Because of the inflexible capact the organization and the
fluctuating rates of the demanded resources at paictt in time, the resource utilization
percentage in this organization is subject to lasgale variations. | explained how the
functional departments react to the situation wllea capacity is more than the
commitments of the department. However the revsitsation where the work load to
the functional departments is more than their ciégyp# more frequent than the idleness
situation. These situations usually happen whemrag\high priority projects need the
same expertise at the same time (see figure 8)a foeat extend this is because the
management start new projects without consideitiegstatus of the existing projects in
the organization. This is a common management adymt development described by
Wheelwright and Clark(1992 p.90) as “canary cagera@gch” in which new
canaries(projects) are thrown into the cage witlamyt analysis of the effects of the other
canaries already in the cage.
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Figure8. A schematic graph indicating a possiblé&gma of fluctuation in utilized
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In such circumstances usually the management ihafgersuades the project teams
to work harder and/or assign several differentddslkeach individual. As two of the
interviewees describe their situation as:

“When the reliability test failed for the seconcth&, we decided to develop
a completely different concept and a new materiathe. other project
which needed our output had to stop; waiting for[dmslivering to them
the component we were designin§p we were under very high pressure
from them to deliver as soon as possible. Consélyuare had to put
pressure on the people working with us. Even oheuv principal
designer cancelled his vacation and work on theigiesluring the
holidays” project manager

“There is always too much to do, | am involvedadn thany projects. | can
not totally focus on one project as there is alwsgsie interruptions to my
work;, other project members have queries, attemdidifferent
meetings..."Designer

Although working overtime and working harder camrease the progress of the
projects in short term, but they cause reducedvatitin and productivity in the project
teams(Li et al. 2000). In addition, a resource Whi& multitasked and switches from
activity to activity and from project to projectck increased set up and coordination
costs. While managers aim to provide equal treatrfeenall projects, multitasking and
thinly spread of the team members across projactease stress and inefficiency in the
individuals(Karau and Kelly 1992; Cooper et al. @0Qechler et al. 2005). Clark and
Wheelwright(1993) suggest that the optimum numlbgrojects assigned to an engineer
is two, still the situation could get worse whereewmore than this number is assigned to
engineers in Alpha.
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In my model (see figure 9) | have indicated thisespdmenon by two arrows
connecting theProjects in Detailed Developmérdnd “Projects in Final Developmént
to the variable Multitasking and Work PressuteThis means that the increase in these
two stocks is an indicator of the work overload tbe functional departments. This
overload basically means that the members of tbgeqis are working more and more or
in another word they are more multitasked and adeuwork pressure. | did not draw a
similar relationship for Projects in Concept Stutlgince usually the concept study is not
very resource intensive. There is also evidenaa tiee literature that multitasking brings
distraction and exhaustion to the project teams clwvhiconsequently reduces
productivity(Rosenau 1988; Lee and Miller 2004).efiéfore | included an arrow
connecting Multitasking and Work Pressureto “Productivity which means the
increase in the multitasking and work pressure dead reduced productivity.
Consequently the low productivity causes tHénal Development gaterate and
“Project Delivery rate to decrease.
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Figure 9. The practice of “Multi Tasking and WorkeBsure” and its effects on the
performance of the projects in the organization

On the other side theMultitasking and Work Pressureause that the attention of
the teams to be only concentrated to the most tygeblems which may not necessarily
be the most important problems. It is common in pheduct development teams that
urgent problems precedence over important thinggg€oet al. 2000). This is the same
phenomena observed by Repenning(2001) as firefigtend this is a major obstacle in
frontloading - shifting the problem solving workbbato the early stages of the
project(Verganti 1997; Thomke and Fujimoto 2000).the model this phenomenon is
indicated by an arrow connecting/tltitasking and Work Pressurdgo “Attention to
Projects in Early Stade Low “Attention to Projects in Early Stagesonsequently leads
to the reduction in the rate dD&velopment gateas indicated in the model.
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An arrow connecting Multitasking and Work Pressuréo “Overtime Working and
Exhaustiofi means that the because of doing several taskeatame time and working
under time pressure, the staff are necessarily mwgronger hours and they experience
an exhaustion mode.

5.5. CLOSING THE LOOP: WHY THE PROBLEM PERSISTS

In the previous section | indicated how the prgemte undertaken in Alpha and some
systemic effects which affect the performance ef phojects. However one question is:
why the organization is not able to identify andhegly these issues and improve the
whole product development performance? Looking theomodel that | have built so far,

it does not seem a very complicated matter whiehnttanagers within Alpha have not

thought about it. As one of the project manageedta

“Every time we finish one of these troublesome guty we decide in the next
project to put most of the work load to the begugnof the project, but we do
not succeed. It is a complex situation where etiemg we can not give enough
effort to the projects in the early stages becaniseesource scarcity and late
decisions and ..."project manager

So what are the reasons why the teams can not waph@ir projects although they
have had some learning? | believe that while le@rmccur at the individual level this
learning do not transform to organizational leagniOrganizational learning is the
process through which organizations develop newseanige and change heir behavior
to reflect the better understanding of their dor(@Blster and Narver 1995).
Organizational learning is not simply the sum o thdividuals’ learning (Kim 1998).I
have identified learning obstacles which | analymam in two categories:

(1) Human Resource mobility and organizational compyexi
(2) Organizational politics

5.5.1. Human Resour ce mobility and or ganizational complexity

The organizational structure of Alpha is very coexplPeople are members of different
departments and different projects at the same flilne line of command is not clear and
there is confusion regarding the performance r@mpriAlso part of the complexity is
because, the truck is a complex product and orghlyidifferent functional departments
have evolved with responsibility of certain parfstee truck. However the architectural
dependency of the different parts of the truck pres them from work independently
and interference and interaction is a natural mattedepartments of Alpha. This
complexity makes it difficult for the project mareag and team members to analyze the
project problems independent of organizational |lenois. Below are some statements
from our interviewees regarding the organizaticrmahplexity:
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“... Our project is giving very important informatioto the green
engine project, however green engine which is ahfferent business
unit than us change project manager almost in thetaited
development gate. Almost all the relationships eeetbped with the
previous project manager was wasted then ... the pevject
manager had different perspectives on the matténgtoject manager

“ ... the general problem in Alpha is that if you safer my role in a
middle phase of the process of a project, | am detaly unaware of
what the people are doing in the phases before ntk what the
people are doing after my work . ptoject team member

“The matters were becoming almost personal betweaay
representative and the representatives of the gremgine project
because we did not know who the boss is. The gawvesnof the
projects is complex here in Alpha! The green prioyeas not trusting
in how we are going to deliver our project outplihey wanted to
directly talk to our suppliers. Obviously we didtneant them to
interfere in our job ...”project manager

Also the temporary nature of the projects and themlination of diverse type of
knowledge tend to forget quickly when the teams disgnantled(Grabher 2004). In
addition, the diverse experience of the peopleifierént types of the projects makes it
difficult to reach a harmony when team member disgdd teams and join new different
teams. Therefore, while the learning from the gmsjects happens at individual level
when the individuals form a new team, the collexzt®rarning does not happen(Easterby-
Smith et al. 2000). In addition, the fact that tindividuals are involved in several
projects means that at every point in time thewvioldial is under pressure with some
urgent issue in one of the project and there istino to reflect about the process and
improve the process. Learning is difficult to tgidace when employees are harried or
rushed(Garvin 1993).

5.5.2. Organizational Palitics

Organizational politicsspecially when it comes to the individual politicgkills can
serve as a catalyst to enhance communication ectieely orchestrate the collective
interpersonal interactions necessary for team agdnization performance(Ferris et al.
2000). However the politics in the organization mayt be in favor of the project
performance. Flyvbjerg(2005) introduces the notain“the survival of the unfittest”
meaning it is not the best project that get impletad, but the project which is supported
by more powerful people. As an example during myieical investigation, | asked an
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interviewee about why a particular project is nbarrdoned despite the clear evidence
that it is not profitable. The honest answer | re®@ from the interviewee was:

“There are many answers for this question but fhrigject has been running
for a long time and many people are specificallykayed for this project, as
the project is technically very special the projgeam can hardly find any
other place in the organization where there is val@ need for their skills.
Therefore ...” Project Liaison

In my model(see Figure 10) | have indicated theassabout learning obstacles by an
arrow connecting “project cost” to “ motives to fedrom the past” which indicates that
by more and more cost overruns there is more notavoid similar problems in the
future. However one would argue that motive form@ag is not only in the projects
which are cost overrun but also in the projects reitaey run perfectly. Although |
acknowledge the existence of the learning in therléype of situations where the
projects run perfectly well, | believe the learnimgtive is insignificant in these cases as
usually steps are not taken to improve somethirigssm problem occur. Repenning and
Sterman (2001) support this statement as they Idsmtified that in many product
development environments “ No one gets credit fesmd the problems that never
occurred”.
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Figure 10.Closing the loop: Explanation of the t@aships of the experience of the
troubled projects to the projects in Decision Bodyiew

In the model | group all the factors | mentionedtaslearning obstacles in “Learning
Obstacles” and in the model indicate how the loaréeng effectiveness cancel out the
effect of “Motives to Learn from the Past” and #fere resulting to persistence of
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“Tendency Toward Optimistic Estimates” in the orgation. This is in fact the answer
to question | raised at the end of section 5.1 eHmtually | am closing the loop of my
explanation about the systemic effects in Alpha amticating the relation of the
systemic effects happening in the late stages efptfojects and the systemic effects
happening for the projects which are at their estdges.

The other question | raised in section 5.1 was avby there areNotives to
Reduce the Work Presst@nd its consequences (the practice of over esitugla

My investigation revealed for me that most engiaeerd project managers within
Alpha are aware of the learning obstacles (maybexulicitly) and generally do not
expect any improvements to remedy the system sftewlyzed earlier. Therefore they
take action by themselves and find the best waywtid troublesome projects by better
playing the negotiation game. And they do it byraitbng inflated estimates for the
future projects. As one of my interviewee stated:

“....s0 for the designers to get the resources thentwhey start to
overestimate, so after the budget discussion amgjétureduction they will
reach the budget which they wantPfoject Liaison

In the model | have indicated this relationshipcbynecting “Qertime Working and
Exhaustiofi to “Motives to Reduce the Work Pressuleough an arrow with positive
polarity. Thereafter,Motives to Reduce the Work Pressuseconnected toOver-
Estimating” by an arrow having positive polarity. This is theer leg of explaining the
connection of system effects of the projects inlthe stages to the projects in the early
stages.

6. CONCLUSION

While most of the project management environmentdoday businesses could be
considered as multiproject, the research in prajgmbtagement about such environments
has been limited. This paper is based on expl@&asiudy of product development
division of a manufacturing firm operating in that@motive industry. The research
basically aims at investigating the root causegfoject performance deficiencies. While
this research question is not new, previous rekeaas only focused into this problem
within the single project boundaries. My core argamin this research is that while
managing resources and activities within each ptogimportant in the success of each
project, the influence of the projects on each mthed the dynamics within the
permanent organization has a significant influenddsing System Dynamics
methodology and by analyzing the data | collectedhfthe firm which is my case study,
| developed a system dynamics model depicting threaghics existing in this firm and
their systemic effects on the project performance.

Development of the aforementioned model assistedapping and bringing together the

facts which are widely known in the organizatiort ate tacitly kept by members of the
organization in scattered and fragmented bits antsp Some of these facts are:
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- The process regarding the review and selectidheoprojects is usually subject to
delays

- The high work load and working under time presseduces the performance of the
teams as well as the quality of the output

- There is competition for resources and projeaisld/affect each other negatively in
regard to acquiring their resources

- The organization needs to learn from the preveyserience and take corrective action

Through assembling the facts collected from thi® finto a comprehensive model, rather
than investigating linear relationship between ¢hases and effects, it became possible
to identify dynamics and complex interrelationshgisthe factors which could explain
the causes for bad performance of the projectsigfirm.

Through analyzing my model | have got some manabarsights which can be helpful
for practitioners in the similar multiporject ermiiments. The main insights and
implications of this research are:

Firstly, in the presence of large number of uncetaintieghvexist in every project, over
emphasis on decision making merely based on easlyastimates are misleading. As the
reliability of most estimates about a project asstery low in the start of projects, rather
than over reliance on merely financial informationpre factors determining project
success should be considered in evaluation ofribjeqts.

Secondly improvement of the performance of the projects ba increased by good
planning and good control of each project, howetiex significance of the factors
influencing project performance from outside projgs comparatively high in
multiproject environments. Therefore along with &&gs on optimizing what and how a
project delivers, a more holistic management systeould plan and handle inter-project
issues in a higher aggregated level. This systewuldhespecially monitor the
synchronization issues existing in multiproject ieowments. Therefore, suboptimal
decision which would endanger the performance @fthole system would be avoided

Thirdly, while the temporariness of the team structurepfoject based working would
make learning difficult and sometimes irrelevantpimjects, single firm multiproject
environments have high potentials for learning andintaining lessons learnt. The
advantage of single firm multiproject environmerg the supporting permanent
organization which encompasses the projects. Whiée projects are temporary, this
organization can store and retrieve lessons léathe projects. In addition, the existence
of simultaneous projects in these environmentstesethe opportunity to transfer the
learnings on a real-time basis between the prgjsbtsrtcutting the conventional project
review processes. Therefore the managers in cludrgeoduct development should be
aware of these opportunities and use them towarthdu improvement of projects
performance.

There are also limitations for this research whaam be future improved by future
research. The findings of this research are basethe case study of a single firm
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(Alpha). Therefore, the generic criticism of caseidg research regarding the
genralizability of the findings still holds to thissearch. Future research can expand the
generalizability of the findings by doing similaaise studies in other firms or using other
research methods like surveys.

Future research can also be done in the direciimm@ to quantify and simulate the
model | have developed in this research. | didhate access to quantitative data in this
firm, so | could not quantify my model. Therefotdnave been for focused in elaboration
around the model development and validation of mhadel. Quantified simulation
outputs can bring more insightful information anetter support the findings of this
research.

7. REFERENCES

Abdel-Hamid, T. K. and S. E. Madnick (199$pftware Project Dynamics: An
integrated approachUSA, Prentice Hall.

Ackermann, F., C. Eden and T. Williams (1997). "Mtmdg for Litigation: Mixing
Qualitative and Quantitative Approacheliterfaces27(2): 48-65.

Benbasat, I., D. K. Goldstein and M. Mead (198The Case ResearciMIS
Quarterly(September): 369-386.

Checkland, P. (1999%ystems Thinking, Systems Practidew York, John Wiley &
Sons.

Clark, K. B. (1992). "Organizing and Leading "Heasgyght" Development Teams."
California Management RevieB4(3): 9-28.

Clark, K. B. and T. Fujimoto (1991product development performance : strategy,
organization, and management in the world auto stduBoston, Mass, Harvard
Business School Press 1991.

Clark, K. B. and S. C. Wheelwright (1998)Janaging new product and process
development: text and casé&ew York, Free Press.

Cooper, K. G. (1980). "Naval Ship Production: Ai@is&ettled and A Framework Built."
Interfaces10(6): 20-36.

Cooper, R. G. (1990). "Stage-Gate Systems: A Newl ftw Managing New Products."”
Business Horizonslay-June: 44-54.

Cooper, R. G., S. J. Edgett and E. J. Kleinsch(@i@®7). "Portfolio Management in New

Product Development: Lessons from the LeadersRiésSeach Technology Management
40(6): 43-52.

24



Cooper, R. G., S. J. Edgett and E. J. Kleinsch(@id®0). "New Problems, New
Solutions: Making Portfolio Management More Effgetl’' Reseach Technology
Managemen#3(2): 18-33.

Coyle, G. (2000). "Qualitative and quantitative ralhidg in system dynamics: some
research questionsSystem Dynamics Revid®(3): 225-244.

Easterby-Smith, M., M. Crossan and D. Nicolini (@R0'Organizational Learning:
Debates Past, Present and Futuieurnal of Management Studigg(6): 783-796.

Eden, C., T. Williams and F. Ackermann (1998). 'tB&ntling the learning curve: the
role of disruptions on the planning of developmenjects."International Journal of
Project Managemert6(3): 131-138.

Eisenhardt, K. M. (1989). "Building Theories fronage Study ResearctAtademy of
Management Revie®4(4): 532-550.

Engwall, M. (2001). Moving Out of Plato's Cave: Tand a Multi-Project Perspective on
Project Organizing-enix Working PapersStockholm, Stockholm School of Economics:
1-31.

Ferris, G. R., P. L. Perrewe, W. P. Anthony andCDGilmore (2000). "Political Skill at
Work." Organizational Dynamic28(4): 25-37.

Flyvbjerg, B. (2001)Making Social Science Matter: Why Social Inquiryl&an How it
Can Succeed Agaiambridge, Cambridge University Press.

Flyvbjerg, B. (2005). Policy and Planning for Ladgérastructure Projects: Problems,
Causes, Cure$Vorld Bank Policy Research Working Paper

Ford, N. D. and J. Sterman (1998). "Dynamic Modglh product development
processes.System Dynamics Revidw(1): 31-69.

Ford, N. D. and J. Sterman (2003). "The Liar's Clbbncealing Rework in Concurrent
Development.'Concurrent Engineerind1(3): 211-219.

Forrester, J. W. (1961ndustrial DynamicsCambridge, Massachusetts, MIT Press.
Forrester, J. W. (197 1principles of System&JSA, Wright-Allen Press.

Forrester, J. W. (1992). System Dynamics, SystemKirg, and Soft ORMIT working
papers Cambridge, Massachusetts Institute of Technology.

Garvin, D. A. (1993). "Building a learning orgartisa." Harvard Business Review :
78-91.

25



Goldratt, E. (1997)Critical Chain. Great Barrington, The North River Press.

Grabher, G. (2004). "Temporary Architectures ofriogzg: Knowledge Governance in
Project Ecologies.Organizational Studie25(9): 1491-1514.

Griffin, A. and J. R. Hauser (1996). "Integratin§RR and Marketing: A review and
Analysis of the Literature Journal of Production Innovation Managemd& 191-215.

Kahn, K. B., F. Franzak, A. Griffin, S. Kohn and W. Miller (2003). "Editorial:
Identification and Consideration of Emerging Resk&uestions.Product Innovation
Managemeng0: 193-201.

Kania, E. (2002). "New Directions in Pipeline Mapatent: A theory of constraints
approach."PDMA VisionsJanuary/February.

Karau, S. J. and J. R. Kelly (1992). "The Effedt3ime Scarcity and Time Abundace on
Group Performance Quality and Interaction Proceksitnal of Experimental Social
Psychology28: 542-571.

Karlsson, C. and P. Ahlstrom (1996). "The DifficEtth to Lean Product Development.”
Product Innovation Managemeh8: 283-295.

Keys, P. (1990). "System Dynamics asa Systems-Bas#rlem-Solving Methodology."
Systems Practic®(5): 479-493.

Kim, J. and D. Wilemon (2002). "Focusing the futmnt-end in new product
development.R&D ManagemenB2(4): 269-279.

Kim, L. (1998). "Crisis Construction and OrganizaabLearning: Capability Building in
Catching -up at Hyundai MotorOrganization Scienc@(4): 506-521.

Lechler, T. G., B. Ronen and E. A. Stohr (2005)iti€al Chain: A New Project
Management Paradigm or Old Wine in New BottlesRfineering Management Journal
17(4): 45-59.

Lee, B. and J. Miller (2004). "Multi-project SoftweaEngineering Analysis Using
Systems Thinking.Software Process Improvement Pract®cel 73-214.

Li, H., P. E. D. Love and D. S. Drew (2000). "Effeof overtime work and additional
resources on project cost and qualigrigineering Construction & Architectural
Management(3): 211-220.

Love, P. E. D. (2002). "Auditing the indirect cogsences of rework in construction: a
case based approacManagerial Auditing Journal7(3): 138-146.

26



Love, P. E. D., Z. Irani and D. J. Edwards (200A)rework reduction model for
construction projectsIEEE Transactions on Engineering Managem&ht4): 426-440.

Luna-Reyes, L. F. (2003). "Collecting and analysjoglitative data for system
dynamics: methods and modelSystem Dynamics Revié®(4): 271-296.

Lyneis, J., K. Cooper and A. Sharon (2001). "Sgiatenanagement of complex projects:
a case study using system dynami&ystem Dynamics Revidw(3): 237-260.

McCutcheon, D. M. and J. R. Meredith (1993). "Cartthg case study research in
operations managemenddurnal of Operations Managemetit: 239-256.

Meyer, M. H. and M. Utterback (1995). "Product Diexenent Cycle Time and
Commercial SuccesslEEE Transactions on Engineering Managemé&2(4): 297-304.

Morecroft, J. D. W. (1983). "System Dynamics: Paying Bounded Rationality."
OMEGA11(2): 131-142.

Nobeoka, K. and M. A. Cusumano (1994). Multi-Proje@anagement: Inter-Project
Interdependency and Organizational CoordinatiaNew Product Developmer¥lIT
working papey MIT.

Park, M. and F. Pena-Mora (2003). "Dynamic Changeagement for construction:
introducing the change cycle into model-based ptojeanagementSystem Dynamics
Reviewl9(3): 213-242.

Rao, S. and C. Perry (2003). "Convergent interwigymio build a theory in under-
researched areas: Principles and an example igaésti of Internet usage in inter-firm
relationship."Qualitative Market Researdb(4): 236-247.

Reinertsen, D. (1997Managing the Design Factorilew York, The Free Press.

Repenning, N. P. (2001). "Understanding fire fightin new product developmenthe
Journal of Product Innovation Managemdr&: 285-300.

Repenning, N. P. and J. D. Sterman (2001). "Nolesety gets credit for fixing problems
that never happened: Creating and sustaining psoogsovement.California
Management Revied3(4): 64-91.

Rodrigues, A. and T. Williams (1998). "System Dynesrin project management:
assessing the impacts of client behaviour on prgedormance.Journal of
Operational Research Societ®: 2-15.

Rosenau, M. D. (1988). "From Experience: Faster Resduct DevelopmentProduct
Innovation Managemerit 150-153.

27



Sethi, R. (2000). "New Product Quality and Proddetelopment TeamsJournal of
Marketing64(April): 1-14.

Shapiro, A. and C. Lorenz (2000). "Large-Scale &utg as Complex Systems: Managing
"Scope Creep".System Thinket1(1): 1-5.

Simon, H. A. (1979). "Rational Decision Making im&ness OrganizationsThe
American Economic Reviet9(4): 493-513.

Slater, S. F. and J. C. Narver (1995). "Market @tagon and the Learning
Organization.'Journal of Marketingb9(3): 63-74.

Soderlund, J. (2004). "On the broadening scopbefésearch on projects: a review and
model for analysis.International Journal of Project Manageme2f2: 655-667.

Sterman, J. (1992). System Dynamics Modelling fajdet Managementvorking
paper, Sloan School of Management.

Sterman, J. (2000Business dynamics : Systems Thinking and Modamg €omplex
World. Boston, Mass. ; London, Irwin McGraw-Hill.

Strauss, A. and J. Corbin (199Bhpsics of Qualitative Researcdhondon, Sage
Publications.

Thomke, S. and T. Fujimoto (2000). "The Effect Bfont-Loading” Problem-Solving on
Product Development PerformancBrbduct Innovation Managemeh?: 128-142.

Verganti, R. (1997). "Leveraging on systemic leagiio manage the early phases of
product innovation projectsR&D Managemen27(4): 377-392.

Wheelwright, S. and K. Clark (1998evolutionizing Product Development: Quantum
Leaps in Speed, Efficiency and Qualilew York, Free Press.

Williams, T. (2002) Modelling complex project<hichester, Wiley.

Williams, T. (2005). "Assessing and Moving on Frdm Dominant Project Management
Discourse in the Light of Project OverrunEEEE Transactions on Engineering
Managemenb2(4): 497-508.

Williams, T., C. Eden, F. Ackermann and A. Tait$5®. "The Effect of Design Changes
and Delays on Project Costddurnal of Operational Research Socidty. 809-818.

Wolstenholme, E. F. (1990%ystem Enquiry: A System Dynamics Appro&ciirey,
John Wiley & Sons.

Yin, R. K. (1994).Case Study ResearddSA, Sage Publications.

28



Zirger, B. J. and J. L. Hartley (1996). "The Effe€tAcceleration Techniques on Product
Development Time.lEEE Transactions on Engineering Managem&s(2): 143-152.

29



