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Abstract

Eco-marathon is an annual competition for studeatms from high schools and universities
around the world to design, build, test and ra@ar thnergy efficient cars. Participating in this
competition, teams have to deliver vehicles witleither ‘Urban Concept’ or ‘Prototype’
categories. In the former, the vehicles must hadeary four-wheel roadworthy design and in
the latter cars should have futuristic design arakimum efficiency. Since 2008, Norwegian
University of Science and Technology has taken pafEco-marathon competition in urban
concept category with a hydrogen fuel cell carléchDNV Fuel Fighter). After history of glory,
the 2012 team decided to make a new vehicle froaidt for battery-electric class (DNV Fuel
Fighter 2). Therefore, two objectives were defif@ahis project:

e Winning the first rank award in battery-electriags$ of urban concept category

e Winning communication and marketing award

This decision made the project to be categorizétt WiPD projects. Distinct characteristic of
this type of projects is significant uncertaintys@asiated with the effort. Based on experience
gained from managing Shell Eco-marathon 2012 at M,Tidur types of uncertainties made this
project challenging: technological, developmengamizational and intra-organizational. This
master thesis focuses on describing such challangbs project’s lifecycle and offers solutions
to deal with them. Furthermore, a set of organireti and operational adjustments are proposed

to promote the project at NTNU’s environment.

NTNU’s 2012 team finished the competition by achigvthe ' rank in battery-electric class.
Although the objectives weren’t met in this yeaunt broject was accomplished successfully as
almost all of the success criteria were met thrahgheffort.



\Y

Acknowledgements

| would like to express my special gratitude tddwling key persons who truly supported the
project. Without their guidance and constant heig project would not have been possible.

e Bassam A. Hussein, Associate Professor at DepattroerProduction and Quality
Engineering, Master Thesis Supervisor

e Knut Einar Aasland, Associate Professor at Departnod Engineering Design and
Materials, Project Supervisor

e Cecilia Haskins, Postdoctoral Fellow at Department Industrial Economics and
Technology Management

e Kiristina Dahlberg, Senior Profiling Consultant atNorske Veritas (DNV)

| am highly indebted to the project team whose Bscecooperation and performance made this

project successful.

Aksel Qviller Aslak Brage. Espeland  Benjamin Gutjah Eivind Seeter
Fredrik Vihovde Endresen  Hakon Johan Seiness Hads&hgen Itxaso Yuguero Garmendia
Mats Herding Solberg Oluf Tonning Petter Thorruddem  Silje Kristine Skogrand

| also would like to extend my sincere thank topathject sponsors, especially to main sponsor
Det Norske Veritas (DNV), for their advantageousoinement and kind support that made this

project easy to handle.

Finally, my appreciations go to my family and frilsrwho were always genuinely inspiriting me

with their best hopes.

Trondheim, June 2012

Fariborz Ali Heidarloo

2



Table of Contents

aTigoTo (U Lot 1 (o] o TP PP TPPPRPPPPPPPPRRRTON 1
Shell Eco-marathon 2012-General INformation ............ccvvvveieiiiiiiiiiie e 2
New Product DevelopmeNnt PrOJECT.........cc e e e e e e e e e e e e e e eeeeeeeeeeeeeanannnes 5

[ (T T=Tox i [ 1= U1 o o SRS 7
Understanding Organizational Culture and ENVIrONMMEN........cccooveiieeeiiiiiieeeeiieen 7
o (0T T=ox A0 - 1P 8
Success Criteria and FACIOIS ...........oii et e e e e e e 9
MaNAGEMENT STFATETY ... e eeeeeiii et ee e e et e e et et e e et eeaa e e e e ee e smaa e e e e e eeesnn e eeeeennnnnnns 9
Identifying and Analyzing Stakeholders ... 10
SECUIMNG SPONSONS .ttt e ettt e e e e e e e et e e e et et taatatbba e e e s s eeeaaasseeaeeeaeeeeaaeeeeeesnnenns 14
KNOWIEAGE TIaNSTEI ...t ee e e e e e e e e e e e e e e e e eeeeeaeanes 14

o T=Tot o F=T o] 1T PP 16
Individual Management PIANS ..............o oo oottt e e e e e e e e e e e e e e e aeeeeeeeeenees 17

Time Management Plan ..........coooiiiiiiiiicecccee et as 18
(70 1S W |V F= Ta = To [T g U= 1 o P o S 18
Communication Management Plan .............ocooeeer e 19
RISK MaNagemMeNnt PlaN .........cooiiiii oot e e e e e e e e e e e s s 19
Individual Plans ChallenNges ...........ooeiiieemmeere e e e e e ee e e e 20
Creating Work Breakdown Structure (WBS)......cceceeviiiiiiiiiiiiiiiiiesne e e e e e e eeeeeeeeeeeeeeae 21
SChedUliNg PrOJECL. ... ..ot eeeee e s s e e e e e e e e e e eeeeeeeeenennne 24
Scheduling ChalleNQES .........uuueeiii e 28
10T [0 =3 1 0T PP 30
Risk Identification and ASSESSMENT .........commmuuuiiiiiiiiiiiiiii it e e e e 33
Risk Identification and Assessment ChalleNgesS ..o 37

e o T=Tod i =T o U 1] o [P 39



Vi

(D)1 =To 1] g To I o £ T =T o o =T o U o I 39
Challenges of Directing Project EXECULION ...ccceeeeiieeeiiiiiiiceeeciin e eeeeee e 43
RecCruiting Team MeEMDEIS ...........ooouiiiit e e e e e e e e e e e e e e e e e e eaa e e e e e e e e e e e eaeeees 44
Voluntarily Recruitment Challenges ... 45
Developing ProjeCt TEAM ........ooiiiiiiiiii ettt e e e e e e e e e e e eeeesesebn s 46
Team Development ChalleNgeS..... ... e eeeeieiiiiieeae e eeeeeeeeeeeereennee 49
1 gt Te [ e {0 =T o A I Y- T o PP 52
National DIVEISILY IN TEAM .....uuiiiiiiiiiiieee ettt e e e e e e e e e e e e eeeeeeeeeeeeeeenrnnnns 52
Perceived BENETILS .......e i 52
Challenges of Managing Project TEAIM ........cuueeeerieieiiiiiiiiiiiiiiiire e 54
Project Monitoring and CONtrolliNg .........coceeeeiiiiiii e e e e e 57
PrOJECE ClOSUIE ....iiieeeeeieiett et et e e e ettt e e e e e e e e e e e e e et e eeeeaetasssnnnnnsssssnn e s eeaeeaeaeeeeseennnnnes 60
Lessons Learned for ProjeCt MAnagErS .......uuuuceeiieieeeeeeeeeeeeeeitiss s eere e e e e e e e aaa e 61
Proposed Organizational and Operational AdjuSTIMENLS.............covvvvviiiiiiiiiieeeeeeeeeeeenn. 62
Was Shell Eco-marathon 2012 Project SUCCESSTUL?.ccc . iiiii i, 65



Vi

Tableof Figures

Figure 1 - The 2011 team with DNV Fuel Fighter...........oooiiiiiic e 2
Figure 2 - The 2012 team with DNV Fuel Fighter...........ooo e 4
Figure 3 - DNV FUEl FIGNIEN 2 .....ueeii ettt e e e e e e e e e e 5
Figure 4 - SEM 2012, Management Strat€QY ...cceeeeeeeeerruermmmiiiieaeeeeeeeeeeseeeeeseeennnreeesmmmnnne. 10
Figure 5 - Stakeholder TYPOIOGY .. .coooi oo 12
Figure 6 - SEM 2012, Work BreakdOwn StrUCIUIe oo .vvveeeiieee e 23
FIQUIE 7 - SEM 2012, S-CUINVE ...uuuuuiiiie ettt s s s s e e e e e e e e e e e e eeeaeeenaeeeeeseenssnnnnn s 28
Figure 8 - TOp DOWN BUAGQELING .....vvvvureiimmmmmmaeieeeeeeeeeeeeeeeeeeeetaaesse s ereeees s e e e e e e e e e aaaaeeeees 33
FIgUre 9 - RISK SCAIING .....ooiiiiiiiiiiiiit e e e e e e e e e e e e e e re s 35
Figure 10 - The Sequential APPraiSal MO . cveeeeeiiiiiiiiiiiiee et 45
Figure 11 - Stages of Team DevelOpmeENt ... eeeeee e 49
Figure 12-Two Dimensional Taxonomy of Conflict Mgeaent Modes ..............ccceeeeeeeeeeeeee. 51
Figure 13 - Bullet Chart, ProjeCt PrOQIreSS ....ccaeiiiiiiiiiiiiiiiiaae e e e e e e eeeeeeeeieeeeeeeeeeeeenne s 59
Figure 14 - Suggested Activities to Promote Thgdeta................ccooeeeiiiiiiiiiiiiiiiiieeiiies 64

List of Tables

Table 1 - Stakeholders ANAIYSIS ............aummmmneeeeeeeiie e e e e e e e e aaeaaeeeeeaaaeeeeeeeearrannnn 13
Table 2 - Improvement Points of DNV Fuel Fighter...........cccooooiiiiiiiieeeeeeiie 16
Table 3 - Weighting WOrk Packages .........ocea it 27
Table 4 - Bottom-UpP BUAQELING .....oiiiie ettt 32

Table 5 - SEM 2012, EXECULING STAQES ......cummmmmmreerrrrnnnnniiiaaeeeaaeaeerreereerssssnnnnnnsessnnnnnnnn 39



| ntroduction

Eco-marathon is an annual competition originatedl®39 by a friendly bet between Shell
research laboratory scientists. They wagered ain ¢iven made vehicles to see which one will
get the most miles per gallon. Today, this noti@s lbbecome a foundation for challenging
student teams from high schools and universitiearad the world to design, build, test and race
their energy efficient cars. Participating in th@npetition, teams have to deliver vehicles within
either ‘Urban Concept’ or ‘Prototype’ categories.the former, the vehicles must have ordinary
four-wheel roadworthy design and in the latter cdrsuld have futuristic design and maximum
efficiency. Each one of two categories has 8 ckasse

¢ Internal Combustion Engine (ICE)

e Fuel cells

e Battery-electric

e Petrol (gasoline) fuel

e Diesel fuel

e Alternative petrol fuel: ethanol vehicle

e Alternative diesel fuel: GTL (Gas-to Liquid) verecl

e Solar.
In each category and class the winner will be dzamt which can drive own vehicle furthest on
the energy equivalent to one liter of fuel. Todayich Royal Shell holds this yearly competition
in three continents, Asia, Europe and America.tFase in Europe, in its current form was held
in France in 1985 which drew engineering studentsszientists from 20 European countries.
Since 2008, Norwegian University of Science andhhetogy (NTNU) has taken part in Shell
Eco-Marathon (SEM) competition in urban conceptegaty with a hydrogen fuel cell car
(called DNV Fuel Fighter). During past 4 years, NTRas won two fuel cell class awards, one
road safety award, one G@ward and two communications and marketing awatdsh present
a history full of success. In addition, a new wardord in urban concept category (1246km/l)
was set by NTNU’s team in 2009.



Figurel - The 2011 team with DNV Fuel Fighter

Each year since 2007, NTNU has offered an oppdstuaisenior master students from different
faculties to build multidisciplinary project team order to write their master thesis based on
experiences gained through working on project. Atlguin late August, students who have
decided to join the project voluntarily, createearh and start the nine months project. At start of
the project, participants may decide upon improvimg existing vehicle received from last year
or build completely new car. As NTNU doesn’t finenSEM undertaking, it is up to team
members to find sponsors with the purpose of progifinancial resources to handle the project.
After finishing the race, project will be termindtéy delivering the vehicle and its related

technical and non-technical documents to the usityer

Shell Eco-marathon 2012-General | nformation

NTNU’s 2012 team had two unique features:

¢ Internationality: team members were from four ddéf®@ countries, Norway, Spain,

Germany and Iran.

e Multidisciplinary: thirteen project members wererr seven various departments.

Although previous teams may had two above menticttetacteristics, but the diversity of
culture and competency in the new team didn’t henatch comparing to previous groups.
Names, education level and responsibility of theigpants were as below:



Aksel Quviller, ICT Engineering, Suspension

Aslak Brage Espeland, Mechanical Engineering, Eoter

Eivind Seeter, Industrial Design, Design

Fariborz Ali Heidarloo, Project Management, Projéenager

Fredrik Vihovde Endresen, Energy and EnvironmeBtajineering, Engine
Hakon Johan Seiness, Mechanical Engineering, 8tearid Brakes

Hans Gudvangen, Mechanical Engineering, SuspemsidrRims

ltxaso Yuguero Garmendia, Mechanical Engineerirygt&8n Engineering
Mats Herding Solberg, Industrial Design, Design

Oluf Tonning, ICT Engineering, System Engineering

Petter Thorrud Larsen, Mechanical Engineering,

Silje Kristine Skogrand, Media Communication andofmation Technology, Public
Relations (PR) and Media

Project team members put a lot of effort to findrsgors for the undertaking. Fourteen project

sponsors can be classified into two groups: congsaoil entities which assisted the project with

cash contribution and those that helped the proyébtoffering their product or services for free.

SEM 2012’s sponsors and value of their contribiiomthe project were as followings:

Det Norske Veritas (DNV), Safeguarding life, prageand the environment company,
600,000 NOK

Transnova, Governmental body to promote eco-frigrstllutions for transportation,

150,000 NOK

High Performance Composite (HPC), Supplier and peed of composite products,

120,000 NOK

Eker Design: Provider of turnkey mechanical andusidal design services, 100,000
NOK

Smart Motor, Producer of compact, efficient, higinque electrical machines, 50,000
NOK

ProNor, Retailer of ‘Solidworks’ software serie§,30 NOK

Altitec, Supplier of battery and related accesspri&,000 NOK

Gylling, Battery importer, 15,000 NOK



o SKF Norge, Bearings and seals supplier, 10,000

e Evonik Industries, Foam (core material) suppli€;,000 NOK

e Re-Turn, Offering polymer solutions for plastic ustry, 5,000 NOK
¢ Bilreklame, Customized foil producer, 5,000 NOK

e Jackon Isjolasion, Isolation supplier, 5,000 NOK

e Printing AS, foil printer, 5,000 NOK

Figure 2 - The 2012 team with DNV Fuel Fighter

Only DNV and Transnova had cash contribution arerést, sponsored the project with their
services and products.

Unlike past three years in which teams spent ttigie on improving DNV Fuel Fighter, the
2012 team decided to make a vehicle in urban cdancaegory from scratch but in battery-
electric class! Experiencing the adventures ofngynew class of the competition and better
efficiency gained from battery compared to hydrofesl cell were reasons for changing the
class of the vehicle. According to mentioned faittsan be concluded that SEM 2012 project at
NTNU was a New Product Development (NPD) project.



Figure 3 - DNV Fued Fighter 2

New Product Development Project

Accomplishing set of processes with systematic oathin order to bring a new product to
market is called ‘New Product Development’ (NPD)istinct characteristic of this type of
project is significant uncertainty associated witle effort. Due to lack of clarity participants
may face a lot of questions such as: ‘How much mam®uld be spent on new development?’
‘Are there enough human resources with proper le¥é&nowledge to handle the tasks?’ ‘How
should be the design of the product and which rredseshall be utilized in making it?’

Numbers of studies have been done to address amtEs$ in developing new product.
Tatikonda and Rosenthal (2000), in their studyasktuncertainty in product innovation have
indicated that technology novelty and project ca®jl are sources of uncertainty. Technology
novelty has been defined as unfamiliarity with teagies that are going to be used in
developing product, to the firm. This novelty camib product or process. Project complexity
has been defined in relation with number of orgatninal subtasks and their interdependencies.
Kim and Wilemon (2003) have broadened the categtoz and argued that five different types
of uncertainties exist in NPD project. In their dis, they have used terms ‘complexity’ and
‘uncertainty’ interchangeably and stated that lawk certainty can be technological, in
development, in marketing, organizational and hHoltganizational. According to them,
component integration and technology newness ceagdmological uncertainty. Challenges in

making right decisions in time of dilemmas whenuaexpected event happens, lead the project



team to development uncertainty. Deciding aboutgetidg NPD processes, doubts in pricing
future product and having not clear understandifignew markets’ behaviors are major
uncertainties mentioned under marketing type. 8ifties in building a project teams with
enough members, ambiguity in defining communicatobvannels between functional teams,
unclear status of knowledge of the team memberstlagid capabilities in knowledge transfer
process within organization are important issueseurorganizational category. Due to rapidly
growing number of available methods and technidoesleveloping new product, companies
don’t have the capability to study and upgradertbein knowledge in all discipline. Therefore
Kim and Wilemon (2003) has also mentioned thatimetof bringing the knowledge from
outside of the company, uncertainty about diffeechetween level of knowledge of the source
and the recipient, doubts in selecting methodsoofiraunications are noticeable challenges in
intra-organizational level.

Mentioned ambiguities from literature review wesedd during handling SEM 2012 project
(except uncertainties related to marketing whighrast applied). The rest of this report has been
dedicated to highlight such challenges throughgmtitg lifecycle, initiating, planning, executing,
monitoring and controlling and closing. In additidn this, based on project manager’'s

experience, overcoming solutions are suggested.



Project Initiation

Project formally starts in this stage. Within iating step, project will be officially authorized

and information, essential to commence the undegakust be provided.

Under standing Or ganizational Culture and Environment

Suggested by Engwall (2003), project manager hafntb answers for following questions

during initial steps of managing a project:

Does project have support of middle or top authes®t Before starting with planning the
project, manager should evaluate the status antdquosf the project in the organization.
Concentration shall be placed on assessing thecingfaexecuting the project on its
surrounding e.g. university. If the undertaking tsgnificant positive effect and its
output is valued by environment, then it will bensmlered in top priority and thus be
supported by dominant and key authorities. Wherragept with ‘prestige’ has such
backup through future challenges, not only manageélisdedicate their time to the
project, but also low level employees will help tmapants when it is required as they
might have found the project attractive. Assistaien willing staff at NTNU'’s
transportation department with receiving permission borrowing a van in order to
facilities the moving of DNV Fuel Fighter 2 is aggbexample of this. The employees’
interest in the project was the reason for helghey project team through overcoming
transportation challenge. Therefore, if the propimesn’t have prestige, with the purpose
of having support from different level of the orgaation, it is up to project manager to
think about a method to show how interesting angloirtant the effort is.

Have similar projects been executed before? Whahaesteam’s reaction toward the
answer of this question? Team members may be ple@searry out a project with
repetitive framework. The reasons for this tendecay be high perceived risk in trying
fundamentally new project and lack of technical Wlemlge. But participants may be
dissatisfied with continuing similar project as yheeek new challenge and clear
uniqueness within an effort. Although project teanmclination is not the only factor for
deciding upon whether the repetitive framework $thdne taken or not, but the answer to
such question has huge effect on individual's perémce. Thus, project manager shall

take team’s opinion about the project into his/bensideration before starting with



planning the project as s/he might need to makésidecabout preventive actions for
avoiding negative feedback from team members. Mby the starting point has to be
assessed versus participants’ opinions, but alm teader should know how the team
feels about the objective and outcome of the ualerny. Before executing SEM 2012,
three years had been spent for developing and wimdNV Fuel Fighter, so upon a
consensus, project team decided to build a newroar scratch as they had negative
feedback on dedicating time to a three years otd Basides, having a completely new
vehicle as a result was another motivating facakip the available vehicle.

How is the organization’s environment and condgidor applying project management
practices? Organizational culture, or EnterprisevitBnmental Factors (EEF) (PMI,
2008) are determinant elements for choosing manegestyle. Project manager must
clearly and thoroughly comprehend the conditiontheforganization and evaluate them
compared to his/her technique. It may be possib& following best practices in
managing project is not suitable and consequermtlymre cares about how hard the leader
is trying to apply those practices. Adapting owongadures with EEFs should be done
before taking any managerial steps as this actiakes firm foundation for future
problem solving or decision making procedures. TKeg adjustment prevents further
effort on defending management style against orgaioin’s norms.

What is project manager’s level of authority? Lewé&lauthority will be given by key
persons in organization and its environment. Ptajegnager must fully understand to
what extend s/he can make decisions on own witimaluding authorities. Clarifying the
role’s boundaries and limits is highly consequdnéia it has direct impact on team
leader’s performance. Most likely any confusiontlois point causes severe ramifications

which can affect project unfavorably.

Project Goal

Another important step in initiating stage is dafmqgoal. Stated by Doran (1981), specified goal
should be ‘SMART’, meaning that it has to be ‘Sfiegi‘Measurable’, ‘Attainable’, ‘Realistic’

and ‘Time-bound’. In accord with five mentioned tig®s, objectives of SEM 2012 were

determined as followings:

Winning the first rank award in battery-electriag$ of urban concept category



e Winning communication and marketing award

Success Criteria and Factors

On what basis project will be considered successfulailed? Project manager has to define
criteria so that if accomplished, project is susti@s Not only team leader has contribution in
this but also stakeholders have key role in det@ngisuch criteria. SEM 2012 success criteria

were:

e Finishing the project on time

e Finishing the project within budget

e Delivering a high quality, trustworthy vehicle

e Satisfying all internal and external stakeholders

e Strong presence in local (Norwegian) media ande$o@twork

e Having at least one accepted try in the competition

The project team shall also settle essential geslifor meeting success criteria. Below

mentioned attributes were considered as successdarf SEM 2012:

e Supports from middle and high level managers

e Dedicated, motivated and flexible team

o [Effective project manager

e Developing proper strategy for managing the propbich fits with organizational
culture and environment

e Initiate and maintain efficient internal and exeroommunications

e Selecting appropriate communication channels

M anagement Strategy

Project manager should have a strategy for managipgoject. First, s/lhe has to break the
overall work into different steps (phases) and diediow to put them together by taking group
efficiency and time limit into account. The stratecan be brief and not really detailed that
shows the way for future steps through other st§glesning, executing...). By generating such
high level plan, various phases will be prioritized that an overview for time and resource
allocation will be prepared. Adopted from Nobelarsd Trygg (2002) style for scheming front-

end activities, following model presents the sggtehosen for SEM 2012:
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Controlling and Monitoring

Start Finish
- >
I I
| |
| Concept Generation Concept Definition |
. . . Project Executing
Project Planning Concept Screening and Closing
i i » Time
Go? Go?

Figure4 - SEM 2012, M anagement Strategy (Nobelius & Trygg, 2002)

lllustrated strategy shows how important the plagrétage is as it takes more time compared to
executing and closing. Besides, as it is shownydogas put on following different phases in
parallel not only for saving time, but also for ieasing coordination among team members all
along the way to avoid possible change requeshstune. Two important gates are determined,
one after concept generation and one before pr@retuting and closing. These decision
making points obliged participants to finalize thi#ioughts, opinions and drawing in order to
freeze and not going back to them. Terms, ‘Concdgpheration, ‘Concept Screening and
‘Concept Definition’ are used due to type of SEMjpct that is NPD. Executing of the project
starts when all systems are completed and realg toade. Presented strategy demonstrates that
all of the steps through project lifecycle are mord@d and controlled in purpose of directing

them in specified way to achieve the goal.

Identifying and Analyzing Stakeholders

Freeman (1984) has defined stakeholders as anyidndi, group and organization that affect or
can be affected by the accomplishment of the prajed reaching the goal. This description was
the basis for identifying stakeholders of SEM 20R2cognizing and analyzing stakeholders is
not a task that has to be done only in initiatitaggs. Through project lifecycle stakeholders may
leave or join the project. Even according to E&aal. (2002) their stakes might vary in each step.
Therefore, it is project manager responsibilityctintinuously acknowledge stakeholders and
consider their ‘Dynamics’ while managing the effoimvolved parties can have positive or
negative influence on the undertaking. Those who banefits out of executing the project and

goal achievement will provide help to successful. @ut stakeholders with negative effect try to
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disturb or hinder the project’s progress. Cruceakt of team leader is identifying stakeholders
with negative impact because neglecting them irseréhe chance of failure. Those bodies that

affected and were affected by SEM 2012 can beitkdsto two groups:

1. Internal Stakeholders: the internal stakeholdegesimvolved parties that perform within
university boundaries. This group consists of. @cbjteam, project manager, project
supervisors, last years’ teams, internal pressiestivarious departments of NTNU and
their staff (e.g. workshop employees).

2. External Stakeholder: the external stakeholdersrar@ved parties that operate outside
of university boundaries: project sponsors, Royatdd Shell, external press and media

entities and competitors.

Expectations of stakeholder shall be met and projenager is responsible to ensure that all
involved individuals, groups or organizations aatissied. Stakeholder’s expectancies might be
very different and incompatible with project’s otfjee. Thus, with the aim of balancing internal
and external participants’ prospects and assurioggs communications between project team
and stakeholders, a managerial strategy has to elvelaped. Before making a plan for
approaching different stakeholders, their statugprnoject must be analyzed. ‘Power-Impact’
matrix is a common tool for such analysis. Thedtre of this grid is varied but the principle is
inspecting stakeholders influence by two factoosygr and impact that can have descriptive (e.g.
low, medium, high scale) or numerical (e.g. onsadl1-5) measurement. The shortfall of using
this tool with numerical measurement is team mesibssnfusion on giving numbers to the
factors for different stakeholders as numbers areel to express the status of qualitative
determinants. Also power-impact matrix with desiivgp measurements is not completely
capable of showing the picture. Using a term sughLaw Power’ can possibly bring up a
guestion ‘To What Extent Low?”. Overcoming the uiffities with this type of grid,
stakeholders’ analysis of SEM 2012 was based ooré¢tieal model of Mitchell et al. (1997).
According to them stakeholders have one or comioinaif following three attributes:

1. Power: ability to force own will or preference
2. Legitimacy: behaving and making communications ediog to socially agreed believes
and norms

3. Urgency: when a stakeholder has this attributejetaands prompt attention.
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Discussed typology results into figure below:

POWER o
LEGITIMACY
f Dormant .
f Stakeholder 4 '.l
| Dominant
\ / Stakeholder || \
\ f / 5 \
\ I / = \
\ ~ | T Discretionary I
2 | Definitive Stakeholder |
Dangerous | geay eholder i
Stakeholder /
! T Dependant \
[ Stakeholder |
[ I
| 3 - — | ______.--/
1 = ——
\ Demanding f 8
\ Stakeholder / Nonstakeholder
SR ~ /_/
URGENCY -

Figure5 - Stakeholder Typology (Mitchell, Agle, & Wood, 1997)
It is important that project team understands thgdortance of stakeholders will be increased
when they have or gain (considering dynamics d{ettalders) more attributes and so definitive
stakeholders are the most influential entities loe project. The advantage of this method is
using the factors that all have clear meaninggesse tonfusion is expected among team members.

Table below shows stakeholders analysis of SEM 2012



Name Power | Urgency | Legitimacy Type
Det Norske Veritas Dependant
Transnova Dependant
HPC - Dominant
Eker Design Discretionary
Smart Motor - Dominant
SKF Discretionary|
Re-Turn Discretionary|

Evonik Industries

Discretionary|

Bilreklame

Discretionary|

Gylling

Discretionary|

ProNor

Discretionary|

Jackon Isolasjon

Discretionary|

Altitec

Discretionary|

Printing

Project Manager

Project Team

Last Years’ Teams

Discretionary|

Definitive

Definitive

Discretionary|

Project Supervisors

Dependant

NTNU Departments

Discretionary|

Internal Press Entitie
Royal Dutch Shell

\*2)

External Press Entitig

n

Discretionary|

- Dominant

Discretionary|

Competitors

Discretionary|

Table 1l - Stakeholders Analysis

Competitors are the only stakeholders with negaimpact on project. Taken strategies for

different types of stakeholders were:

¢ Dependant: Keeping them informed frequently

e Dominant: Planning and executing project with tleeinsultancy

e Discretionary: Keeping them informed via generahoaunications

o Definitive: Manage project with their close invoiaent

13
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Securing Sponsors

The biggest challenge in initiating stage is firgdgponsors. SEM project at NTNU has not been
executed with sponsorship of same company each #a&n if some companies remain by
project from previous years, they won't have samjgeetation out of it. Each year, sponsors
contract to fund the project for one year and aftat the compact will be expired. Therefore,
new team starts the project without knowing whethey can find a main sponsor for the project
or not or whether the previous main sponsor i$ etier to fund the project. If team members

cannot convince a corporation to finance the migjarfi expenses, project will be failed.

Tighe (1998) has introduced three steps for segusimonsors in order to finance the NPD
project: identifying and securing a sponsor, sgltime project and maintain sponsor support. For
decreasing related uncertainty, few logical stegsewtaken. First, after defining objectives,
potential sponsors not only for funding the projbeat also for getting assistance in regard to
making different systems were identified and sorfBten communications were initiated with
selected companies by team members. For havingtigfecommunications some ground rules
were defined e.g. using proper words and followipgthe results in predefined time interval.
Companies interested in knowing the project momrevasked to have meeting in order to give
presentation and sell the project to them. At lagteements were signed between project team

and joined sponsors.

Knowledge Transfer

When a new team holds the responsibility of thggatcat NTNU, they have to decide upon their
approach, either considering the available caragpdy improvements or building a new vehicle
from scratch. In both cases, the new team needkntwledge of previous groups in order to

comprehend the project context and make right eti®roject manager is responsible person
to ensure required knowledge is successfully teansfi from the sources. “Regardless of the
setting, the objective of any knowledge transfeojgut is to transfer source knowledge
successfully to a recipient” (Cummings & Teng, 2003andling efficient knowledge transfer is

challenging and project manager may face followssgies during process advancement:

e The knowledge can be tacit as it is part of the@s®that makes it hard to communicate.



15

e The source might not be capable of transferring khewledge in clear and distinct
manner (orally, written or schematically). Therefothe process depends on how the
source articulates what the recipient requires.

e Physical distance between the source and recigiant be large which makes the
knowledge transfer less effective. Galbraith (199@ps indicated that the physical
distance and the speed of knowledge transfer psdwege inverse relation.

e Difference between knowledge and skill level of swurce and the recipient can be
prolematic. One of the purposes of knowledege tesnis learning. If the recipient
cannot understand communicated knowledge or inratase if the source doesn’t have
enough technical skill to express the knowledgartyethe process is failed.

e Discussed by O'Reilly and Chatman (1996), if tharese and recipient have different
organizational norms and culture, knowledge tamgfecess won’t be smooth because
both parties have dissimilar defined acceptable anacceptable factors for making

communications which leads to conflict and confosio

Two days knowledge transfer sessions were holchdunitiating step of SEM 2012. 2011 team
was invited to come to Trondheim in order to deseethe physical distance. Source was newly
graduated master students and recipient Wage&r scholars, so the difference between level of
knowledge was minimum. Most of the participantss@ssions were Norwegians, therefore by
considering that the majority of individuals hadnsoon norms and background efficient
communications were experienced, stated by 201a.t€onsidering above mentioned facts,

knowledge transfer for SEM 2012 was done succdgsful
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Project Planning

The planning stage comprises those course of acérecuted to found the scope of the project,

clarify the goals, and develop the processes netedachieve those goals.

According to Verganti (1997) two planning stylesyniee utilized for new product development
projects, feedback planning or reactive approact teed-forward planning or proactive
approach. Choosing how the project is going to laened in early phase in order to save time
and money is another challenge. By using reactiweraach, project team does not spend
significant time on solving uncertainties and gatigeinformation for accomplishing tasks. This
method which is based on the notion of uncertaneiyuction during project advancement,
doesn’t need substantial financial resource amglnbt time consuming but it increases the risk
of facing late changes during execution phase piigé sizeable financial burden on project.
Unlike this, by following proactive approach, prcjgeam shall allocate considerable time to
think about what may go wrong during project depatent and come up with solution for each
opportunities or constraints. Performing this metieexpensive as processing data and having
experts for anticipating uncertain information nesdbstantial financial support and the danger
of losing track of time due to drowning into anahg details is high. Project manager shall
choose suitable technique for planning based ojegraharacteristics. In SEM 2012 project
both feedback and feed forward approaches were Bethg initiating phase, following table
(partly shown) was prepared which illustrates therovement points in developing new vehicle

based on study performed on status of various mgsté precedent car, DNV Fuel Fighter.

Name of Scope of feeTeten
Part Major Improvement Points Change M akgla% New
: More complete shape and better aerodynamics, fJse|oComplete
Chassis : ! . .
lighter materials, increase aerodynamics change
Control Software: Two-way communication with the SMC, | Complete
System possibly using CAN-bus! change
Engine . : Slight
Plates Weight reduction change

Table 2 - Improvement Points of DNv Fuel Fighter
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This table helped project manager to know whichetyd planning approach is suitable for
various parts or systems of the future vehiclehéf scope of change is not huge, then feedback

planning but if complete change is expected feedsdiad planning was used.

For accomplishing this stage through SEM 2012 ptoj®llowing processes were carried out:
developing individual management plans, creatingkwbreak down structure, scheduling

project, budgeting and risk identification and ngeraent.

Individual Management Plans

Why previous leaders of NTNU’s SEM team weren’atiyt successful for handling all project
management knowledge areas? Why same level of raareaqg wasn't applied on various
knowledge areas? The answer for these questionsecerfierred from project reports of prior

teams as following:

e Absence of management plans
e Unsuccessful efforts to properly implement managenpdans during project lifecycle
due to lack of experience

Lack of experience is not avoidable factor sinaartemembers including project manager are
chosen among master students who are not expectording to available project reports,
preceding team leaders preferred to decide upomvélyeof managing different processes right
before their executing time. This approach causadbus troubles for team leaders such as
losing track of time, inefficient data distributioand communication. Avoiding similar
difficulties, project manager needs to think abetrategies to manage and control different
knowledge areas (scope, time, cost, communicatiobefgre starting with any course of actions.
Not only experience is an important factor to depesdtrategies (individual management plans),
also stakeholders’ opinion and comments, lessomednéd from preceding projects and
university’s policies are key factor to build a isas’roject manager shall not consider planning
processes as one time tasks while request charegesstakeholders or project team, unexpected
events and feedbacks from executing and monit@iages make reviewing and revising plans
repetitively critical. Precluding lack of enougim@é to proceed with other project’s stages, it is
important to spend sufficient time on planning meses. Therefore, based on importance of
project and required level of management, projeanhager needs to think how detailed the initial
plans should be. By taking progressive elaboraitdm account, making a comprehensive and
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perfect plan on inceptive steps which demands aflaiformation is misleading point of view
about planning project. Following individual plangre generated for SEM 2012 project, after

few modifications:

Time Management Plan

Team members have to read previous project repadschoose their role in project within two
weeks after introductory session. Next two weel®ikhbe assigned to think about master plan
of different systems of vehicle and project’s gnakds to be defined during this time. A week
after by taking team members’ individual plans imtccount, team leader has to propose an
initial schedule. Project schedule should be réejimmeaning using large leads, lags or slack is
not approvable. Proposal may be reviewed and nemtifiy team during group sessions and be
finalized (baseline) in one week. SEM 2012 will bagleterministic weighted schedule. The
schedule shall contain work breakdown structuréwia levels (excluding level 0), estimated
duration of each work package, relations among ttaeir weight factor and list of important
milestones. Preventing complexity and deliveringsyedo understand schedule, resource
allocation will not be considered in schedule’swak calculations. For accurate and realistic
result out of project schedule updating work paelsalgave to be weighted. Project manager is
responsible for breaking the weight factors andgagsy them to project schedule elements.
Microsoft Project 2012 is going to be used as tmmmnagement tool. For tracking time, each
week team members have to send a summary to progtager that includes ‘what they have
done’ and ‘what they will do’. Project schedule Mok updated and be compared with baseline
based on received summaries. Among different upgatipproaches available in Microsoft
Project 2012 software, recording elapsed actuahtdur will be used. Results of weekly
evaluation have to be communicated with authorgiakeholders. These weekly reports shall
cover the status of project, roots of variance faneicasts to be illustrated with tables, charts and
especially S-curves. This plan can be altered by @mnge request confirmed by project

manager.

Cost Management Plan

Project team is responsible for developing listastivities in order to estimate demanded
financial resources. Proposed budget for securpansors shall be calculated by bottom-up
approach. Rough estimations from team members tabe aggregated to calculate required

funds for higher work packages. Contingency resbagto be considered in final approximation
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of proposed budget. This reserved will be evaludtedeach level 1 work package. If project
team is not successful to gather funds as enougpr@sosed budget, project manager is
responsible to do top-down budgeting based on ablailmoney after securing sponsors. Project
manager has to have a categorization for diffecetg within project to have better control over
them. Spent amount of money on each system of lkeehéeds to be communicated with project
manager by weekly summary. Project manager is angehof generating clear report of financial
status of project that includes comparison of daxpenses and baseline (budget) for each work
package. Any purchase that values less than 1508 K&h be carried on without project
manager confirmation. Project manager has authtwitylock further procurement and money
transaction of work package if associated budgete@&ched its limit. As reviewing money
transactions and tracking expenses is essent@égbiteam members must preserve procurement

documents appropriately.

Communication Management Plan

Apart from any communication which includes techhidata, team leader shall be the hub for
any external communication and responsible to idige information to right person in team.

Due to the fact that reviewing history of commutimas may be necessary any time in future,
project team has to avoid relying on exchangingrimition via telephone or any other methods
that they are not traceable. Using same email addeg. NTNU’s) for any communication is

imperative. In case of sharing information with Whteam, individuals can use either shared
project calendar on Google or using project maililgt. Precluding misunderstanding,

interchangeable information must be clear and @asynderstand. Language of all different
types of communication (verbal and non-verbal) s&hdne English. This plan can be altered by

any change request confirmed by project manager.

Risk Management Plan

Project manager and system engineer are responsbéeons to handle project risks. System
engineer may define risks in different systemsrw vehicle by involvement of other team
members to prepare risk register. Project managerrbsponsibility to assure that not only
technical risks but also organizational risks amnsidered. Preventing confusion, only
gualitative risk analysis will be performed to detene the likelihood and impact of each risk.
With help of other members, system engineer isharge of preparing preventive or mitigation

actions. Reviewing risk register has to be doné éao weeks to ensure proper monitoring. All
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team members are in charge of reporting emergeimevorisk by weekly summary. If required,
both project manager and system engineer have ke mae risk response is applied completely.
Risk register may be updated anytime during prop&hning and executing by anyone in the
team. In order to communicate status of projedt, renline shared spreadsheet on Google
Document platform will be made to simplify datalgaing and distribution. This plan can be
altered by any change request confirmed by propectager.

Although these plans were improved and detailegpdssing time but due to lack of enough
information at start-up to create comprehensivenéaork, above mentioned plans sufficed to
make a foundations for managing different knowledggas. Collecting individual plans result in
cohesive structure that is called ‘project managenmgan’. Project management plan is
endorsed, confirmed, live document that definesjeptorequirements, determine expected
outcome, and lead project execution and contrak @ocument is integral point of team leader’s
responsibility and s/he needs to receive the agbrfoom key stakeholders and the commitment

of team members on its content to solve furtheflmis as it becomes project control reference.

Individual Plans Challenges

By defining individual management plans, team |leatigermines what have to be done during
project life cycle. By this mean, s/he specifidsaanework which team members are expected to
perform in. Apart from feature of the plans, stiicteasy to deal, detailed or abridged, project
manager shall not assume all of team members wik@ management style right away. The
point about SEM project that shouldn’'t be neglectedhow individuals form the team,
voluntarily. Therefore project manager cannot ingown preferred style of management plans
to team members because it might have negativecimpateam performance or in the worst
case may result in disbanding of one or more mesniich put the project in huge danger.
Confusion, rejection or not having same compreloensf project management plans, from team
members was one of the challenges during planregesof SEM 2012 project. Due to facing
rigid deadlines, responsibilities and clear expemtafrom project manager, team felt limited and
tried to bring comments in order to alter the caht& plans and make them easy to deal which
mostly result into less structured arrangementh@dlgh some opinions were considered but
project manager put endeavor to give the understgrad why individual plans are required and
essential to handle project in integrate mannett. i required, one-on-one meeting with each

team member should be held to ensure same lewgnoprehension is shared among them. Not
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following same path for reaching goal or working ofi project scope are possible outcomes if
team doesn’t not work in predefined framework. Imaot rules and deadlines shall be printed
and put on the wall or a place where everyone eailyesee them as oral communication is not

reliable method for conveying important informatibyat need to be last till end of project.

Creating Work Breakdown Structure (WBS)

Work breakdown structure is a hierarchical arrang@nwhich shows how the project work is
decomposed to manageable and understandable piBassstructure visualizes the project
scope; meaning it defines what is and is not gtinige done and delivered during with project
life cycle. As all of required steps to accomplsbject has to be determined in WBS, missing a
work package may cause unfavorable consequencpsnbDieg on project manager’s preference
and the purpose of executing project, WBS may bated in several ways. Garci’a-Fornieles et
al. (2003) have introduced following approachesgsifications) for making WBS: product
oriented, process or functional, organizationabjgmt life cycle, geographic location of people.
Suitable WBS is not only a tool for understandiegpee; also it is useful to estimate time and
budget. Furthermore, work breakdown structure glesiholistic view of project to stakeholders
which help them to comprehend what project teagoiag to do. Jung and Woo (2004) stated
that the WBS provides a common view toward prajectnvolved parties and it provides shared
project language. Based on importance of the prajeanager has to decide upon proper level of
detailing in WBS. Level of detail has influence bow project cost, duration and technical
complications will be taken care of. In another ejat deals with the manageability of WBS
segments. Reaching the smallest (lowest) elemdnifgBS makes more information available
but it is also has to be considered that it regum®re data processing and calculation. Besides,
sticking to high level work packages makes the raddachieving goal vague and less
comprehensible.

Based on the project goal, functional work breakdastructure was chosen for SEM 2012
project. Different systems of final deliverable Ilfide) were assumed as high level work
packages and almost same logic was considerecémngposing them: specifying reusable parts
from previous vehicle if it is possible, making iat lof general requirement for the system,
conceptual designing, finalizing design of systepnpducing and/or purchasing of parts.
Avoiding confusion, WBS was detailed down to twedks (excluding level 0) and supporting

efforts such as PR and media activities or teanhdimg sessions cannot be found in WBS
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because this type of efforts didn’'t have influeraore scope of final deliverable but they are
considered in the project schedule as milestonkeodgh more levels were prepared by team
members to not miss any single task for deliveargystem, but including them in work break
down structure was totally unnecessary as theydcowéke time tracking, budgeting and
resource planning complicated. In presence of oitem members bottom-up assessment was
done to assure all deliverables and tasks arevadolTasks related to work breakdown structure
of SEM 2012 project was created as following. Doidack of information regarding time and
place of testing the vehicle as integrated whohs task is not mentioned in WBS and

considered as milestone in the project schedule.
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Figure6 - SEM 2012, Work Breakdown Structure
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Scheduling Project

“Develop schedule is the process of analyzing #gtissequences, durations, resource
requirements and schedule constraints to creajegbrechedule” (PMI, 2008). Project schedule
has different types of elements which may be usestd on scheduler’s choice, but following
components are essential:

e Activities: Lowest level of work breakdown structualso known as operation or tasks
which are steps to accomplish work packages. Tim&lget and resource can be
allocated to this element.

e Milestones: A milestone is a principal event thabstlty indicates completion of a
deliverable or a major step during project executio

e Precedence relations: This element shows in witptesee activities or milestones shall
to reach the goal. Four precedence relations iadsdhng are: Finish to Start (FS), Finish
to Finish (FF), Start to start (SS) and Start wwdfi (SF).

Before start with scheduling, the project manageeds to decide upon the approach for
generating the framework. Generally, two approaehxest:

e Deterministic: Assuming fixed duration for projecthedule’s elements is fundamental of
this approach. Two methods are widely use in tlassc Critical Path Method (CPM) and
Program Evaluation and Review Technique (PERT)uBng CPM, duration of task or
work package will be a single number which is dedifrom past similar projects or
technical opinion of experts. In PERT, three nurapeptimistic (minimum) time, most
likely time and pessimistic (maximum) time, are geted for estimating duration. As
this method uses predefined probability distribmt{beta) that results into definite value,
it is classified in deterministic approach.

e Probabilistic (stochastic): in this approach, aquei statistical distribution curve is
assigned to each activity or work package whiclermeines the duration by generating a
random number from defined curve.

Each approach has its own advantages and disadeantaeterministic approach is easy to do
and understand. It needs less time and knowledgepaed to probabilistic approach. But

according to Pohl and Chapman (1987) determingtiteduling is unable to take uncertainty
into account and it leaves no opportunity for pcojmanager to handle it. Although stochastic
scheduling aims at considering uncertainty of dgtior work package, but this approach needs
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considerable experience and knowledge and it tal@e time to make a framework compared
to deterministic one.
Project manager has to put enough time to prep#exiale schedule that covers entire scope of
project, nothing more or less. Project scheduke fimmework to include essential elements that
without them the objective is not attainable. Thiamework shall contain tasks or work
packages which estimating time, cost and requiesturces for them is feasible. Supporting
tasks such as public relation and media activiseaecommended to not be taken into account
during scheduling because they are not dependanspemific duration, and mostly not
schedulable. Activities with this attribute areledl‘Level of Effort’ (LOE). Project schedule
components have to have unique and clear name.nfdes it more understandable for anyone
and also it helps the project manager in timeltdrfng or grouping segments.
According to PMI (2008) three types of dependenamsy be used during scheduling.
Dependencies determine precedence relations.
e Mandatory: mandatory dependencies are constraihtshware forced by nature of the
work
e Discretionary: Discretionary dependency, also dakeft logic, is restriction applied
based on scheduler’s logic in order to handle etesgetter.
e External: external dependency is limitation fromtside of project team such as
stakeholders that might influence the schedule.
In time of defining precedence relations, all ateg and milestones have to have successor and
predecessor expect first one which doesn’t needegessor and last one which doesn’t need
successor. So, it is logical to say that all atiégi and milestones should have at least on FS or
SS relation with predecessor(s) and at least onerHS- relation with its successor(s). It is
project manager responsibility to review all redas in order to ensure that none of the elements
is dangled. Independent elements cause inaccueatdrtg over schedule in time of updating it.
Misusing leads and lags for compressing or givioegtfwithout any strategy will decrease the
authenticity of the schedule as it won’t show thal condition.
Although assigning resources makes schedule mofegsional but it should not be always an
option as also it makes the schedule more compticahd hard to comprehend. Therefore, for
preventing bafflement, if resource management ismportant, resource allocation is better not
to be done in project schedule. Kolisch and Pad(@&01) have defined two categories for

project resources: renewable and nonrenewable. viRdade resources are available within
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specific period e.g. manpower. Nonrenewable ressungthout time restriction are accessible as
long as project runs e.g. project budget.

SEM 2012 had deterministic schedule. CPM method uwsesl to determine work packages
duration. This option was chosen due to short albgltime for making schedule and build easy
to understand framework for involved parties. Estimg time was done for level two work
packages. Based on detailed breakdown that eaoh neamber possessed for related system,
approximate duration for each work package wasaapgd. Summation of rough numbers from
team members and reserved slack time for each pairkage was considered as project duration.
Project manager should be aware that team membzsdyntry to assume the best condition in
time of generating values. So, it is up to him/terthink about time safety margin for each
component or whole project to avoid lack of timel d&aving buffer in order to respond risks or
deal with uncertainties. Milestones were used in situations: For significant steps through
project such as ‘body mold is available’ and wheanm had no control over task’s duration in
which it was totally depended on external entitgrsas sponsor. Following picture shows how
milestones were arranged in schedule. Based onrierpe and information from interviews
with team members that provided more technicabimsiproject manager defined the relations
among work packages. All three types of dependsngere considered during scheduling. The

most influential dependency was external one frd¥VI)main sponsor) and

g8 S = Important Milestones 155 days Wed 28/09/11 Tue 22/05f12
EER= Initial contacting-old 0 days Wed 28/09/11 Wed 28/09/11 1
SpONSOrs
100 B Meeting with old sponsars 0 days Mon 31/10/11 Mon 31/10/11 99
/ Finding new sponsors
101 | Finalizing contarct with 0 days Wed 30/11/11 wed 30/11/11 100
SpONSOrs
102 |2 Finalizing Recruitment 0 days Tue 15/11/11 Tue 15/11/11 1
103 B Finalizing contract with 0 days Tue 01/11/11 Tue01/11/11 1
main sponsor
104 |2 Ordering Carbon Fiber 0 days Mon 23/01/12 Mon 23/01/12 9
05 B Carbon fiber available 0 days Mon 06/02/12 Mon 06/02/12  104F5+2 wks
106 B Order mold material 0 days Mon 23/01/12 Mon 23/01/12 9
107 |2 Mold material available 0 days Mon 06/02/12 Mon 06/02/12  106F5+2 wks
108 |2 Odering body mold 0 days Mon 06/02/12 Mon 06/02/12 107
109 |2 Body mold available 0 days Mon 06/02/12 Mon 06/02/12 108
110 |2 Car Testing Starts 0 days Maon 16/04/12 Mon 16/04/12  14,22,30,46,54,6
111 |8 Car Testing Finished 0 days Mon 07/05/12 Mon 07/05/12  110F5+3 wks
112 |2 Preparing For Rotterdam 0 days Fri11/05/12  Fril1/05/12 1
Trip Finished
1z |2 Having Trip To Rotterdam 0 days Mon 14/05/12 Mon 14/05/12  112F5+2 days
114 |2 Coming Back From 0 days Tue 22/05/12 Tue 22/05/12 113F5+8 edays
Rotterdam
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Shell (competition holder) that imposed strict dese on project. SF relation wasn’t use at all
and maximum duration for leads or lags was 4 dBg$ore proposing the schedule, all work
packages and milestones were checked to be notedanip have accurate and realistic result
from upgrading the schedule, SEM 2012 had weightathg framework in which, each work
package was given a value, according to its impogand duration. The total of weight factors
shall be 1 or 100. Following table shows how weiyhas distributed among different elements
of schedule. Important milestones item has the megght, as very important elements such as
testing the vehicle is included in it.

Name of Work Package | Weight

Exterior 14
Interior 9
Propulsion 11
Suspension 12
Wheels and Rims 9

Braking and Steering 9

Cybernetics 11
Project Management 8
Important Milestones 27
Total 100

Table 3 - Weighting Work Packages

Group session was held with entire team to reviegjept schedule and ensure all relations
within a system and among systems of the vehiclee l@rrectly set. The outcome of this
meeting was the baseline. S-curve related to tkelin@ was sketched afterwards in order to be a
tool to compare actual performance with planned. gxeeording to time management plan,
Microsoft Project (MSP) 2012 software was chosemtplement the framework. For sketching
planned S-curve which showing expected cumulatrogness, two new columns were defined
in MSP file, ‘Weight Factor’ and ‘Weighted %Commét Following formula was set for
Weighted %Complete column:

[% Complete]*[Weight Factor]/100



28

By updating the project schedule weekly the software (moving status date), M.
calculates %Complete column (cumulative progreasgetl on proportion of elapsed duratiol
total duration. But this doesnount the importance of thelement into account. That is w
Weighted %Complete is more realistic value to rely Blanned -curve of SEM 2012 project

including weight factors was sketched as be

50%

BLO2

ghted Percent Complete

Weil

30%

10%

Figure7 - SEM 2012, S-Curve

As it is shown, no progress is expected betweerksveé to 17 due tthe Christmas break. Tr
slope of Seurve is considerably increased between weeks 20 teecause the work packay

with huge weight factor had to be accomplishedis period

Scheduling Challenges

How the best fitted schedule for project can beetped? Answering this question is
challenge for project manager during scheduliScheduling a project should be done
considering its resourcagtivities and performance measure eristics. If project manag
doesn’t put enough thought on identifying whaths status of three mentioned factors,

might have a result that is not realisHerroelen et al. (1997) have mentioned that fotidg:
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with complexities during scheduling, knowing itseal features is essential. According to them,

three elements shall be assumed for resourcesatgzarthem properly:

1.
2.

3.

number of resource types which can be zero, oneooe than one

whether the resources are renewable or non renewaabl their accessibility time period,
if it is for whole duration of project or specifime.

Availablity of renewable resources if it is in cterst amounts or in variable amounts.

Six elements are recommended for understndingdiiias’ attributes:

w0 NP

If activities can be resumed in time of interruptar not

Constraints between activities that can be mangagstternal or discretionary

The network of activities is probabilistic or detenistic

Activities duration that can be random integer nemlbr random continuous duration or
all tasks have same duration equal §o T

Project deadline, which means if there is no deadlihere is deadline imposed on
activities and there is deadline on the whole mtoje

If cash flows are considered with activities or.r@dth amount and timing of cash flows

can be arbitrary or predetermined numbers.

Regarding performance measures, project managkksbav if penalty functions for delivering

the final product, result or service in due timéserr not. Former condition is called regular and

latter is named non-regular measure. Minimizing pineject delay is an example for regular

measures and maximizing quality of the projechisnstance for non-regular measure.

Analysis of SEM 2012 project schedule by considgniesources, activities and performance

measure characteristics are as below:

Resources: project had two types of resources, \@ntk material. Both renewable and
nonrenewable (with variable amount of availabilitg3ources were accessible for limited
and specific period of time.

Activities: SEM 2012 project had deterministic sdbke. Both resumable (testing a
system) and non-resumable (producing monocoque)iteet were taken into account.

Also project manager thought over three types otraints in time of defining relations

among tasks. All of activities had integer numberdaration which weren’t random as
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they were calculated based on members’ judgemehhistorical data. Non of tasks had
specified deadline but project had strict deadbhélay 17, 2012 for competing in the
race.

e Performance measure: Schedule of project were olesel based regular measure,

minimizing the project tardiness.

Budgeting
According to Huang and Xu (1998) best solutionffoancing projects with high uncertainty is
external subsidization. This is exactly how SEMj@cbis financed every year. It is up to project
team to find sponsors for project and universigyplno role in supporting project financially.
Kamien and Schwartz (1978) indicated two main dlifiies with external financing compared to
self-financing for project associated with high ertainty:

1. Finding external sponsor may be hard in such eratsdecause if the project fails, few

tangible assets will be left which lender can melkém on them.
2. Receiver of the fund may reveal some informatiomuabproject which might be
valuable for existing or new rivals within lendebasiness.

For attracting external sponsor(s), project teas tbacalculate proposed budget which will be
the basis of financial negotiations in further step
An estimate should be calculated for all projecrksoor any element of project schedule that
needs financial resource to be taken care of. €kisnation that has to be approved by key
stakeholders is the budget. Taking all projectsogb account is essential for budgeting. Project
manager has to classify costs in order to not amgsand have better control over them. There is
no single categorization logic for grouping thend anitable approach may be chosen depending
on project condition. As unexpected events whighdbn extra costs on project happen during
execution, contingency reserve shall also includeoudgeting process. Contingency reserve is
critical financial resources to reduce the riskcoét overrun. For estimate the reserve, project
manager needs to go through the result of qualtatir quantitative analysis of risks. By
considering the risks that have significant finahémpact on budget, required fund can be
estimated. There are two approaches for calculateganded money to finish project work:
‘Bottom-Up’ and ‘Top-Down’. In bottom-up approacbgst estimation has to be done for the
lowest level components of work breakdown structdifgen estimation of activities which are
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related to same work package shall be summed. Bynetong this, essential fund for the highest
level of WBS can be calculated. This approach biswing advantages:

e The most important advantage of this method acongrdo Venkataraman and Pinto
(2008), is forcing project team to make detaileglidown structure at planning stage

e Within this approach, as the knowledge of all imeal persons in project, even those who
are responsible for the lowest level activitiesl wié used for such important process;
motivation of team members will be increased dukeéting of involvement with project.

But this method has also down side:

e By applying this method, the role of project mangge top management) in such critical
task will be reduced at first steps as team memibel@wer level of hierarchy who has
the responsibility of activities shall estimate tiwsts and project manager has no control
over the process till analysis are presented.

e The chance of overestimating within bottom-up apptois higher compared to top-
down because project team members might tend tggexate the cost in order to
increase the flexibility.

e By considering before mentioned characteristicpetigve adjustments to have best
estimation is expected and this makes bottom-upoagp is time consuming

In bottom-up approach, demanded financial resougscealculated and then provided but in top-
down approach, project team has to deal with pneeéfamount of money that has been
allocated to project by upper managers and tryropgrtion it appropriately among high level
work packages and this process continues to thedblevel of WBS. Top-down method has
following advantages:

e “The advantage of top-down budgeting is that tomaggment’s estimate of project costs,
in aggregate terms, often tend to be quite accufeenkataraman & Pinto, 2008).

e On contrary to bottom-up approach, project managsrfull control over disaggregating

the budget to work packages, which results in nageirate estimations and cost control.

Disadvantages of this method are as mentioned below
e Project costs might be underestimated due to ev#g.
e Experience is essential to perform this methogbréject manager doesn’t have enough
knowledge or understanding about work packagesreladed activities, improper fund

allocation is largely possible.
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SEM 2012 project costs were classified into follogs:

e Direct costs that are particularly related to atég on project. Following items are
included in this category:
0 Human resource costs: this includes salary of wemt members that had to be
paid because of their student assistant contrahtdepartment.
o Material Costs
0 Operational Costs
e Indirect costs which do not have direct impact ¢we twork of project. Mostly,
administrative expenses are put in this category.
Budgeting this project requires both bottom-up &mgldown budgeting approaches. First for
negotiating with sponsors, project team needediecup with proposed budget. In this order
based on historical data from previous project repand team members’ judgments, rough
calculations were done for WBS work packages. Udioggom-up approach, the proposed
budget was estimated at 1,095,000 NOK includingingency reserve. Following table shows

more detail about it:

Budget item Planned Cost (NOK) | Contingency Reserve (NOK)
Propulsion 150,000 20,000
Exterior 300,000 50,000
Wheels and Rims 55,000 5,000
Suspensions 110,000 20,000
Braking and Steering 15,000 5,000
Interior 10,000 5,000
Cybernetic 50,000 10,000
Shipments 40,000 10,000
Trip to Rotterdam 142,000 8,000
Misc. 40,000 0
Safety Margin 50,000
Total 912,000 183,000

Table 4 - Bottom-Up Budgeting
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Figure 8 - Top Down Budgeting

Lots of efforts were put by pyect team and manager to secure sponsors in adkrcrease th
amount of demanded money in different items of the&lget. Beside, by gaining mi

information about structure and design of varioysteans, team found overestimating in sc
items which wa expected after utilizing bottc-up approach because for not facing any tro

individual's assessments were associated with bigtertainty. At last, NTNU’s team cou
receive financial contribution from Det Norske \tag (DNV) at 600,00INOK (main sponsor)
and Transnova at 150,000 NOK. As taken s wereless than what team planned for, buc
was revised by topown approach by project manager. Practicing theshod, available fun
was distributed among high level work packages Wwhiesulted in fllowing figure (cosi
baseline).

Risk I dentification and Assessment

An undetermined event with either positive or negaimpact on project is called risk. One
the critical responsibilities of project managereissuring that project’s risk are ideied and
assessed. Registering risks and their charactsristiould be performed as first step. Involv
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project manager, project team and stakeholdershis s$tep is crucial. Team members’

participation is important as they have to takepoesibility of determined risks and their

responses. Involvement of stakeholders is crititet they provide supplemental goal

information. Identifying risks and making assocthfgans to respond them for whole project life

cycle at planning stage is not possible as nevs iskerge during project advancement. Because

of this, project management team should analyzestidieis of project iteratively in order to be

sure that all kinds of risks are considered. Ptofeature (low/high uncertainty) defines how

often such analysis shall be done. According to EBMB(2008) five processes can be

accomplished in planning stage to follow best pcastin risk management area:

Plan risk management: within this process, prajeahager define how risks are going to
be handled through project life cycle. Importandentking this plan is having an
accepted basis among team members to evaluateeumitgdd events. Risk management
plan is explained igection
Identify risks: result of finishing this process aslist of categorized risks. Chapman
(2002) has stated that although present modelsretidods in project management make
valuable tools available but still experts’ judgrteeiare the key input for identifying
project risks. This process is fundamental foroéltisk management efforts; therefore is
accuracy is very important. Various methods arelava for gathering such inputs.
Chapman R. J. (1998) has classified all methodstinee groups:

e |dentification managed by one risks analyst e.gomsidering historical data

e I|dentification performed by analyst interviewingjact’'s key players

¢ Identification conducted by presence of all keyypla in form of group sessions

that is leaded by analyst e.g. brainstorming

From above mentioned classes, first and third wesed in SEM 2012 project. First,
different engineers based on historical data fromvipus years’ reports and their
experience, tried to list risks associated to swystehat they are responsible for.
Afterwards, by using scenario building (analyseghnique in group sessions leaded by
project engineer and supervised by project manags related to system interfaces
were determined. By using this technique varioussjide events and their outcomes
were identified. While scenario building, doesnduat historical data and it doesn’t

include them into assessment; but it provides aupgcof future which is linked to past.
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Beside technical (low level) risks, team membersl gmoject manager identified
managerial and organizational (high level) risksolhare mostly connected to team, its
performance and managing project.

Perform qualitative risk analysis: The purposeasfofving this process is organizing of
identified risks in order to enhance execution m@jgct by concentrating on high-priority
risks. High-priority risks are those which have rgiigant impact on time, cost and
quality of project. For deciding how critical eaclsk is, two criterions are used:
probability and impact. For assessing subjectivalyscale shall be defined for each
parameter in order to have common understandingataig system. Depending on
project manager and project feature defined stracfar scales varies. Often, ‘High,
Medium, Low’ or numeric ‘1-10’ scale is used for aseiring both probability and impact
of risk, if occurred. Project manager needs towara that in qualitative assessment “risk
is relative to the observer” (Kaplan & Garrick, 198Specified risk characteristics may
differ from one team member to another as the kadg¢ and experience of the observer
are important factors in organizing risks. Probgband impact matrix was used in order
to accomplish qualitative risk analysis in SEM 2@t8ject. Numeric ‘1-5’ rating system

was fixed for assessing two parameters of eachskibers have following definition:

Scale | Probability of occurrence/lmpact | Related Color

Very Low

Low

Medium
High
Very High

Figure 9 - Risk Scaling

g B~ W N -

This tool helps project team to know which riskehemmediate response and which
ones needs to be reviewed later as they are natriQualitative risk analysis has some
advantages and disadvantages. Startiamd Remeikiedr (2007) have indicated
followings as its advantages:

e It is useful when enough experience is not avadiabl
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e It is flexible as scales can be altered easilyabhse no complicated calculations
exist behind them
e |Itis less time consuming and cheaper compareddatgative risk assessment
But this approach has following downsides as well:
e Less precise compared to quantitative approachuleceesults are shown in
subjectvely manner.
e Cost-benefit analysis cannot be done with outpats this method
Perform quantitative risk analysis: for accomplmghthis process, team tries to quantify
the likelihood of risk occurrence and its impacittmostly measured in terms of currency.
According to Apostolakis (2004) this approach fa®wing benefits:
e Delivering thorough comprehension of system failamanners by considering
significant number of scenarios include differeptesof failures.
e It is unified method, so determining the requiretseinom various disciplines
involved in project.
e By using this approach, the chance of taking iatacinteractions between
systems and operators into account will be inciekase
e Unlike qualitative risk assessment approach, oubpguantitative method can be
used in cost-benefit analysis.
But this technique has following limitations:
e Not modeling human errors in time of facing risk
e Not considering the culture of people who haverdsponsibility of handling the
risk, as it is influential factor in how individusaWwill react when accidents happen
e Not taking design and production errors into ac¢oun
This approach wasn’t used in SEM 2012 project bseai is time consuming and team
members didn’t have the experience and knowledgeitatmllowing quantitative risk
analysis.
Plan risk responses: Considering the outputs difitiiyerisks process and all possible
upcoming and expected events, team members dedetojpigation actions individually
(for responsible system) or in group (for interface# systems). Also, project manager
build a list of responses for managerial and ogtronal (high level) risks.
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Risk Identification and Assessment Challenges

There is no guarantee for reaching expected outanmef group sessions that are dedicated to
risk identification and assessment. What makesdertain is the group effectiveness during
meetings. This is a challenge for project managercomprehend the status of team’s
effectiveness and make proper decision if it is.|IdWis evaluation is very critical because in
time of low efficiency, not only time is wasted lalso the results are not reliable and the chance
of facing troubles during project advancement Ww#l increased if risk management processes
are based on untrustworthy judgments. Chapman J11988 developed a model for evaluating
group efficiency. According to model three factoen be assessed related to group sessions:
‘The Givens’ and ‘Intervening Factors’. In his papach factor is detailed into few determinants
but in this report only those that are connectetthégoroject are discussed.

e Givens: this feature describes the status of tbemrthe tasks and the environment that
are inputs for risk identification and assessment.

o0 The group: size of the group matters. Although easing the number of the
group for each session guarantees the involvemewnamous disciplines and
knowledge but project manager should be aware thigt might result in
decreasing the individual contribution. Compatiblembers shall be present in
meetings. Discordant members will decrease thectfeness of group work.
While productivity of sessions is the common gaal &ll participants, project
manager shall have this awareness that membersryntmyinclude their personal
objectives as well e.g. imposing own interest ginyg to grab the lead. Therefore,
an unbiased person who has enough knowledge t@ ghel meeting should be
present.

0 The tasks: team leader must be sure that team merdie their responsibilities
seriously and handling various tasks is importanttiem. Individuals show more
commitment if they consider the task prominent.iditg of the tasks is important
factor on group effectiveness as well. When theeetgd performance and
outcome is less ambiguous for participants in atimgavho have same level of
comprehension about what they have to do, effentise will be increased.

o The environment: it is important that participamts risk identification and
assessment meeting feel that the location of sessiproper. Quiet room that has
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enough facilities where people can find a comfdetadeat gives good sense to
team member and they can carry on the tasks icteffeway. Members don’t
want to spend their time in assemblies in which theécome of it is not
communicated or put into effect. Therefore, teaadér or director of meeting
should provide an environment in that participdatd its significance for project

e.g. to hold the meeting in structured or organineshner.

e Intervening Factors: the most important item iremaening factor is motivation. Risk
identification and assessment sessions should éseped by team leader in way that

team members wish to be part of them and appravelifective of meetings.

For SEM 2012 project, risk identification was ddme individuals and in group for ensuring,
each team member benefits of own contribution aadtwork. Meetings weren’t held for more
than five members including system engineer ascitire Director had the knowledge about
technical group gathering to not let the membertralit the flow of proceedings by their
personal interest. All of team assemblies werdedon in presentation room in order to provide
appropriate physical location. Before each meepagticipants were informed about agenda and
topic, so they could make their opinions ready. Mknof each meeting was prepared of system
engineer to communicate the result with all teammimers with purpose of showing the
importance of assemblies to them. Not only projaanager explained the significance of this
step to team members, but also director of meeticigsify why project needs it and what the

goal is. Therefore, everyone had clear and commaenstanding of process and its objective.
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Project Executing
The executing stage comprises those course ofngctivecuted to finish the work determined in
the project management plan to fulfill the projeetuirements. For accomplishing this stage

through SEM 2012 project, following processes wangied out: direct execution,

Directing Project Execution

Depending on type of project, management styleesafor handling executing step. Project

manager who has experience in leading construgtiojgects cannot apply his/her experience on
managing information technology project. Therefatas important that manager understands
the context of project and try to choose the lestuprmanner based on it. SEM 2012 project is a
new product development project. Tritle et al. (@0Bave defined six steps for accomplishing

new product development project: idea, conceptopype, development, commercialization and

termination. According to this, following steps wetefined for executing SEM 2012 project:

Regular New Product Development Stages | Executing SEM 2012 Stages
Idea
Concept Generating Product Master Plan
Prototype
Development Product Development

Commercialization
Termination

Table5- SEM 2012, Executing Stages

Commercialization stage is not applicable to SEML.2@roject and discussion related to

termination is not in the scope of executing projec

Generating master plan for new product is procdsdefining product strategy. Basically,
through this stage, two questions should be anslvdce what extent new product shall be
changed compared to its precedent? Is new produogdo have fewer systems and parts or

not?

e Incremental vs. radical change: given time and labbks resources to accomplish a
project are determent factors for making decisiboua the extent of change. Project

manager shouldn’t put the effort in danger of gowith radical change if available time
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is short; this increases the chance of failuregetirand Hartley (1996) have mentioned
that proceeding with incremental change is fastdoing term because of low technical
uncertainty (less technical feasibility study) aader because the project expectedly can
be handled within schedule. As incremental charegels less necessary time, it provides
a basis for learning to project team, so the leyerdheir technical skill and ability. On
contrary, the probability of managing radical changth schedule is difficult because
high technical uncertainty and long lead times.sTiow requires significant time for
feasibility study. Implementing radical change reetilled experts from beginning,
therefore less educational perspective can be fauitindit because team members cannot
perfectly learn when substantial amount of datadeet® be processed. Reaching to
stakeholders’ satisfaction is harder a long withnalatic change compared because if any
external party to project ask for any modificatiinancial impact and amount of rework
during putting considerable changes into placeigh tbbut when minor changes are
performed gradually, stakeholders can follow thegpess and any alteration can be
executed with smaller effects. Project manageresf product development effort should
be perceptive that incremental change is effectimél it provides value in project
outcome and satisfies stakeholders. If it is netdhse, radical change must be considered
as the only option.

Number of parts: Another important point about pradmaster plan is number of
systems and parts. Project manager with team mésrdmsistance should come up with
proper decision regarding number of features ofdpcd by considering available
resources and time. Engineers tend to build thesirdd product without thinking about
deadline. So, it is up to project manager to diteet passion within schedule frame.
Clearly, considering more parts means longer pricaludime and according to Zirger
and Hartley (1996), complex interaction among swysteln contrast, Clrak (1989) has
mentioned, reduction the number of part doesn’'tagbvresult in less complex and
fabrication time. As engineers try to build a prodwith same (more) performance and

with fewer parts.

After managing the processes related to generategier plan for product, project manager has

to carefully and properly handle the product depeient process. Following points shall be

considered in this regard:
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e Overlapping vs. Sequential: After choosing propl@nping method, feedback vs. feed-
forward, team leader has to think whether in prefitrframe, development must be
accomplished sequentially or in overlapping manRelowing sequential method means,
each stage of effort should be finished completelg handed off to next stage after in
depth analysis to check whether the product ofgqutent stage meets the requirements or
not. But, in overlapping manner, various tasksnojgrt are carried out simultaneously.
Overlapping activities in executing step will redugecessary time for producing parts.
Different systems will be built in parallel fashioand engineers will be able to
communicate requirements through the process, fureréess time is going to be spent
for compatibility analysis of various parts aftéreir production. Also, this technique
helps project team to determine possible probleanky én the process which results in
less redesign. Demanding significant capabilitpriocessing information is the downside
of following development with overlapping style. 8ath and efficient communication
channels should be provided for members to spequtagessing. If appropriate basis is
not available, team cannot deal with uncertaindi@sng product development that result
in low quality final product.

e Early freezing of design: Based on engineers’ natlon to make the best outcome, they
might stick with design of a system for long timenew features may be added by them
through development process. Project manager stadd engineers to fall into such
cycle that increases the possibility of not meetiegdlines. Therefore, a time limit has to
be defined for team members to finalize their systeintil that time. Team leader has to
ask them to freeze their ideas and opinion aftertitthe limit and start with analysis of
their system. Pushing the deadline for freezingexign to early stages of development,
save time for technical evaluation of parts andesys to prevent late changes.

e Suppliers: Engineers may try to procure parts fr@nous suppliers that offer the best
quality of product. Although considering the besp@lier ensures high quality in final
outcome of project, but project manager should ciateam members to increase the
number of suppliers without limit. This, results facing different lead times from
companies that makes the managing project diffiddoject team has to find supplier
that offer as many as product required by projpeiling with fewer companies makes
managing the project easier especially when it toethinking over the lead times.

Assigning any process from generating master ptafinal steps of development to
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suppliers, in economic manner, has been advise&itger and Hartley (1996) to
decrease the number of purchases and better maeagerhin contact companies.
Another important point is supplier’s location. Emgers may make orders to companies
around the world. Project manager should carefeMgluate international procurements
and check whether an alternative exists or notaypal delivering orders from suppliers
that are located abroad is highly possible dueniooblem with packing, posting and

delivering.

Apart from managing processes, team leader hasatresponsibility which is directing human

resources. Managing individuals through executtages has significant impact on how efficient

activities are accomplished. Therefore, by undaditay the context of project and available

competencies, project manager has to use diffeeshinique to lead project team. Followings
are utilized in SEM 2012 project:

Centralization: it is highly recommended to teamdier to gather all of team members in
one location (office or building). This makes commuation and decision making easier.
Centralization helps team members to increase tleguéncy and quality of
communication as the possibility of face-to-facemoaunication will be higher.
Centralization will decrease written communicationwhich distributing information
may counter difficulties such as misunderstanding.

Delegation of authority: to appropriate extent,jgecb manager may delegate authority in
decision making to team members. One of the adgaataf this technique is that team
members will decide based on real or the most ugate information instead of waiting
for approval. Sometimes crucial action must beqyeréd instantly and lack of authority
in member might put project in great danger. Ptoj@anager has to delegate the
authority carefully, to not letting project teamntk that the method is for reducing own
responsibilities.

Stress and motivation: Regularly, projects are mtimy because of group work and
definite objectives. On the other hand, strict diead involve in project put its team
under high pressure. Therefore, team’s impressian apndition will be changed when
events happen which might affect the project exeoutPresumably, the project team
experience stress and motivation during accompigshiasks. Gallstedt (2003) has

defined motivation as “a set of energetic forceat tbriginate both within as well as
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beyond an individual's being to initiate work-reddtbehaviors, and to determine its form,
direction, intensity, and duration”. Mentioned e can have positive role in
achieving project goal when the condition is chadieg, but as soon as individuals feel
that the burden is harmful and not joyful, negatimgpact will emerge. So, strict
condition can be effective or obstructive. Happgaisuch as losing important resource,
stuck with design loops, being dependant on asgistaf one person and reasonable or
illogical absence of team members that disturbdstess may be noticed as stressors
which might give rise to feelings of insufficienend less self confidence that result into
negative effect. Project manager must know thabrees$tarting with project execution,
the stress is so high due to uncertainty. Proceedictivities, stress level will be
decreased but in time of closing the project il wé intensified again. Overall, project
manager has critical role in managing project tesab®havior in order to keep the level
of stress low and motivation high. S/he has to aetbanges in individual's mood in

order to cope with situation as soon as possible.

Challenges of Directing Project Execution

One of the challenges in executing SEM 2012 projat the centralizing team members. Three
of students (two industrial design and one pubtid enedia) were had their desk outside of the
project office. This resulted in poor communicatemmong those and rest of team members. A
lot of ‘come and go’ was necessary between depatsni@ time of finalizing the design of
monocoque and check whether it is compatible witlelosystems or not. Engineers weren’t
involved in conceptualization process along witkieleping other systems and they couldn’t see
it closely in order to make their opinion from begihg. Only one session was spent for
brainstorming and selecting a desirable designobtiree options. The reason from industrial
design team members for staying in another place lagk of PC with proper specification at
office. This problem wasn’t solved as the respdespgerson for IT services couldn’t provide
demanded facility. Therefore, communications mostlgre conducted by emails, shared
spreadsheets and documents on server and Googfiermplalt is highly recommended to next

project manager to try to provide all require fdieis in order to gather all of team members.

How project manager can cope with perception omteaembers after an incident happens?
Team members’ contribution in defining and compreteg of project goal and their

understanding of the time constraint to have realgerspective are prominent. These two points
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are related to individual’s feeling about the pobvjevhether they find the project inspiring or
stressful. Dealing with incidents and their behealiconsequences can be handled in two levels
by project manager, project (group) level and irdiial level. In project level, applying risk
management practices to follow proactive proceduder to deal with unfavorable events has
important role in dealing with such adversity. Cemtcating upon objective(s) causes motivation
but altering any feature of the goal may give tsestress. In addition, members’ devotion and
liability is in danger if the steadiness and welldnced environment of the project is jeopardized.
It is also possible that individuals try to shahneit perception with other team members. This
can either have negative or positive result. Theasbn might get worse if members cause more
stress through sharing or it might get better wbikrer peers try to deal without project manager
intervention. Holding one-to-one discussion in sifal situation can be helpful method for
project manager to handle these kinds of issuestificonversations between project manager
and members could be used for this intention. Tiemaer should take the organization’s context
and personal characteristics of team members ttoust while trying to proceed with coping

methods.

Recruiting Team Members

Staffing new product development projects such B8 2012 with dedicated and motivated
members can be hard due to the characteristic isftyijpe of projects which is significant
uncertainty. Therefore, project manager shall haegeuiting procedure in order to ensure that
systematic method for developing project team exiBhe case about SEM 2012 project is even
complicated than normal situation. Individuals jtie project voluntarily. Under this condition,
project is highly dependent on response of unitygssstudents to get involve. Thus, the process
is different compared to normal procedure as thkaity for making decision will be switched
from project manager to potential individuals. Mangolvement and commitment is expected
from members who are joined voluntarily as theylfihe project interesting. “A person is more
likely to take action (e.g., take an active pariaimproject), when that person feels that his/her
behavior is self-determined rather than controbed imposed by others” (Eskerod & Jepsen,
2005). Finding relevant competencies to projecttexinis easier in this way. Thus, project
manager doesn’t have to take of time consumingadéskarching and finding peers with related
skills. But, this method has also downsides. Selgcteam members based on their interest

doesn’t ensure that volunteers have proper skilermough knowledge. Moreover, recruiting
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voluntarily does not take project manager’'s poweclwosing who can be part of the team.
Besides, there is no guarantee that enough nuniliedigiduals will join and therefore there is

always a possibility to not start with project.

Voluntarily Recruitment Challenges
How project manager can have a systematic way ttacatpeers to project and have them

involved?

Recruiting a cybernetic engineer for SEM 2012 pmrioyeas a challenge that took about 4 months
to overcome it. At NTNU various departments thatntvéo involve in project, introduce
representative(s) as future team member. This didappen from cybernetic department at
NTNU and team strictly demanded an engineer who te&a responsibility of the vehicle’s
control system. After talking to number of profassm the department, team found out that the

level of interest in students is low to join thanebecause of following reasons:

e Too much responsibility which is hard to handleaesording to requirements, the vehicle
needed new control system that should be develfspedscratch.

e Students prefer to take options that increase ttieince and opportunity to contact with
companies in order to secure their career path

e Car control system was not attractive case

To cope with this problem, the sequential appraisadlel of Shalit (1998) was used. His model
describes three stages that enroller may passeb&dking the chance to join the team. These

three stages are: appraisal, mobilization andzaibn.

Process phases

Appraisal Mobilisation Realisation
Cognitive 1. Is 1t? 4. Do 1 7. What do I do?
understand?
Affective 2. Does 1t 5. Do I want? 8. Will I commit
concern me? myself?

[nstrumental 3. Can I affect 1t? 6. Am [ ready? 9. Do!

Figure 10 - The Sequential Appraisal Model (Shalit, 1988)

In the first phase, person tries to understandptiogect and its context. In the second phase,

potential enroller tries to match the gained un@@ding to his/her knowledge and preferences.
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Last phase will be for checking whether the resiility can be taken or not. The first step for
getting cybernetic students’ was locating whereythe, eat or study. Then posters(s) were
pasted on information boards near to spotted logatwhich contain clear fact and information
about project and what the team is going to do.a8er this, team was sure that information has
been transferred to some students. The next stegavdacting all of students in department by
using mailing list. Assuming that some studentsaaly know about the project, this time by an
email, the team explained how this project is cotedk to their knowledge area and how they
can have an important role in it. For the last st&pious team members went to find students in
cybernetic department and talked to them one byireeder to give them a drive to join the
project and answer their question to handle anyiguities. Overall, the process is too time
consuming and it was not efficient because atdastxchange students from Germany who was
highly interested in car control systems joined téaam via head of the department. Eskerod and
Jepsen (2005) has mentioned factors that may affedchese stage. According to their paper,
mobilization stage is the most criticalone wheniradividual try to bridge his knowledge and
skill to what is expected from his/her out of patjelherefore, personal background is determent
factor to pass through the process and acceptftee Moreoever, their analysis shows that if
person finds project time consuming, negative imp&c anticipated. Basically, another
explanation for not getting positive outcome froearh members’ try to attract a cybernetic
student can be the project characteristics. SENegrthas been defined for five years at NTNU
and they might think working on such project isibgr Therefore, project team has important

responsibility to present the effort in a way temome with false perception.

Developing Project Team
Before discussing about developing a team, prajestager must know about different types of
teams. Four common types of teams have been ieditgt Hellriegel et al. (1997):

e Functional team: in this type, individuals with dem background form a team to
accomplish daily mutually dependent tasks.

e Problem-solving team: Individuals with same compeye(mostly) get together to find a
solution for an issue. After solving problem, teantl be disbanded (non-permanent).

e Cross functional team: employees from various departs with different skills, gather

to take of activities in a project to achieve a aoon goal.
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e Self-managed team: when number of employees wodether and handle both
managerial and technical perspectives of taskfidy bwn, they are called self-managed

teams.

Common team development techniques may be appie@rying types of project teams, but
still project manager has to consider distinctdeatand environment of each one into account. A
lot of methods are available for developing projeam but they all are not compatible with
every status that the team is in. therefore, tesaddr must recognize development phase of the
team to use proper methods. The Tuckman Modelféextefe, easy to use examining tool that
determines 5 steps in which individuals initiate ttiounding, reaching maturity level and at last

disbanding. These steps are explained below:

1. Forming: The first stage is critical. When team nbens try to form a team in beginning
steps, project manager should analyze their belsataoovercome with any conflict and
difficulty. Individuals may show following behavigir shallow talking with indecision in
disclosing some insights and information about thares, uncertainty about the logic
behind joining the team and project’s goal, amhigabout the norms and limits of
different members. Incorporation is the term thammbers try to clarify it for themselves
in forming stage.

2. Storming: Proceeding to this stage, means all obthin members about being part of
the team is gone. During this step, individualsttryncrease their interactions in order to
define rules in practice. Team members try to stieemselves out of the group. Project
manager can easily sense that members try to &fteénpmeeting’s conversations more,
compared to forming stage. Storming step is a desiben individuals look for power in
group to distinguish their position and status. S hproject manager may apply
controlling procedures to not losing the gaineégnity from previous step.

3. Norming: After deciding on joining the team andding own position, team members try
to focus on their interpersonal skills during namgistage. Expressions are more open
compared to previous steps. Individuals startarzithg ideas and offering alternatives.
Greater unity emerges as participants find comnmarma, views and values among each
other. Those techniques that are specifically fartaining such condition and strength

shall be applied by manager throughout this step.
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4. Performing: supports from team leader must be asgd and continuous because
performing is the most fruitful step. During prengophases, members have found their
way and they don’t need project manager to showmttie line toward goal. Supervising
and keeping the spirit, speed and cohesivenesspsrtant task of leader in this stage.
The highest degree of cooperation, almost completpen communications, less focus
on ‘me’ and more focus on ‘we’ and clear image ofifidaries and authorities are the
signs of performing phase.

5. Adjourning: when the team reaches its goal, it nsoie termination step. Individuals
may try to finalize the outcome of working togethbat can be a report, decision....
West (1998) has indicated that this step might bisoised to determine whether another

objective exists to reform the team again or not.

According to Hellriegel et al. (1997) below mengahfactors affect project team’s performance
to reach its maturity:

e Size of the team

e Number of roles and their variety
e Norms

e Integrity of team members

e Management style

Following figure shows how maturity or efficiencyilMbe increased through the steps. As it is
shown, failure is possible along the way to readdpctivity and high performing team.
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Mature
(efficient, R oo
effective) ; . -

—— -

Failure

Group Maturity

Failure

Immature
(inefficient, :
inetfective) : A

. ¥
Forming Storming Norming Performing Adjourning

Stage

Figure 11 - Stages of Team Development (Hellriegel, Woodman, & Slocum, 1997)

Analyzing SEM 2012 project reveals that basicatigividuals form cross-functional team. On
this basis, characteristics of functional and peablsolving teams observed by project manager
that shows team members tend to rearrange the iormdepending on condition. Therefore,
flexibility of the team is important in carrying bihe effort as keeping same arrangement
through project lifecycle may not result in expectdficiency. Besides, project manager has to
take short project life of SEM 2012 into his/hensmleration and shouldn’t let the initial steps to

reach performing phase take long.

Team Development Challenges
Developing team is challenging task as project mgangaces different kinds of issues in above
mentioned stages. Experienced difficulties andzetd methods to solve them while SEM 2012

team was developing are discussed below:

e Forming: As everything is unclear in forming stagepject manager has to deal with
individuals’ confusion and hesitancy. Potential rbems are not sure how to
communicate with others, therefore courteous anhdaiv® can be easily sensed among
participants. For giving members a drive and gard the condition, team leader may
use these solutions: setting fundamental rulegseribe required behaviors e.g. showing

respect in any interaction and communication, bgingctual, precise and responsible,
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having goal-oriented insight and keep the commuiaica open and clear. Also giving a
name to the team will give a sense of unity andjuemess to the team which is effective
for speeding up the development. Holding a kick-ofeeting by presence of all
participants is very important step in dealing wiisues as members can introduce
themselves to the others and give reasons whytthes joined the group. Following this
helps individuals to define their boundaries eaagethey gain initial grasp about how the
others are.

Storming: team members in this phase try to shamtelves clearly out of the team as
they look for any way to let the others know hoWest¢an be so influential. Unavoidable
and expected conflicts emerge among participanttewhey search for distinguished
status. Project manager has critical responsibifitithis phase to maintain morality,
obtained from previous step. Experiencing explainedditions among individuals of
SEM 2012 team, led project manager to apply cdnfhanagement techniques in this
phase to avoid severe tensions. According to Tho(t892) five conflict-handling
modes can be used:

1. Avoidance: this technique should be used when aegisndon’'t have logical
basis and not practical consequence is expecteaf tlem.

2. Accommodation: when the source of conflict is dighssimilarity between
members’ ideas or point of views towards a poiotoamodation can be helpful
to reach mutual taking based on temporary reselutio

3. Compromise: For coming up with the best solutioat thenefits both parties,
compromising approach is suggested. Going beyonmiahadvantageous limit
determined by this approach bring conflict and dgimginteractions back.

4. Competition: this technique shall be applied wheleaision has to be made upon
not favored topic in short period while it is vemyportant from project manager’s
view.

5. Collaboration: this approach may be used when g-term solution is required
for critical issue. The consequence of this techaigqnight not be only for two
persons but the whole team will be affected. Ptojpanager shall utilize this
when enough time is available for decision makiegduse collaboration can be

time consuming.
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Thomas (1992) has shown how mentioned techniqugsinacale of assertiveness and
cooperativeness. There is no the most advised itpehiias depending on situation, team
leader is responsible to choose between self satish methods or those consider others
contentment.

COMPETITION COLLAB.ORATION

ASSERTIVE

COMPROMISE
L

ASSERTIVENESS
{Atlempling 1o salisfy one's own concerns)

AVOIDING ACCOMMODATION

.- )
UNCOOPERATIVE COOPERATIVE

COQPERATIVENESS

{Attempling to satisfy other's concerns)
pling Y

UMASSERTIVE

Figure 12-Two Dimensional Taxonomy of Conflict Management M odes (Thomas, 1992)

Norming: for overcoming the challenges of keepimg tintegrity and cohesiveness
project manager can focus on: showing his/her dupport in internal communication
and external communication e.g. while interactinth\stakeholders or supervisors, bring
forth the objective of project and concentrating team’s spirit and providing
opportunities for members to show their contriboitito stakeholders especially
supervisors such as holding presentation sessions.

Performing: supporting continuously is a challefayeproject manager in this stage. S/he
may follow approaches such as: keeping the teamdnmgh with setting rewarding
system, encouraging members to think of solutiogsthiemselves and delegating
appropriate level of authorities in case of decisiwaking, focusing on more challenging
perspectives of the objective and require more emdwn from individuals when a

intricate problem shall be taken care of.
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Developing the team shouldn’t be limited to a lamat.g. office. Leaving workplace and trying
to have fun with the team such as eating outsidiggon short trip...can boost the process of

development and tide the bounds among team members.

Manage Project Team

“Manage project team is the process of trackingiteaember performance, providing feedback,
resolving issues, and managing changes to optiprnaect performance” (PMI, 2008). On the
basis of experience gained from managing SEM 20&R@ two key factors for managing the
project team are: national diversity in team ancc@ged benefits from executing challenging

project.

National Diversity in Team

Despite all possible differences exist in way adntemembers from same country think, still
unique homogeneity and specific norms are antiegbat their attitudes and behaviors because
those individuals have been grown up in an enviemimvhich people share alike view toward
particular things, so it is logical to concludettbasically they most likely have similar notion in
shared circumstance. This fact can be disadvanigge® individuals may suppose that common
believe and view is a firm basis to consider calecideas as proper options. Miller et al. (2000)
have called this ‘group think’. Consequently, cnggt and innovation is less awaited from
homogeneous team. Contrarily, when shared belielogst exist, various views from team
members who have completely different opinions alsame issue can be advantageous for
project team in time of decision making and solvprgblems. Diversity in visions means an
issue won'’t be analyzed from similar perspectivecWwitould lead to creativity and innovation.
Also non homogenous team carries dissimilar sowtekill and experiences that result in more
extensive and varied alternatives for problem sjviThis feature increases team’s adaptability
in changeable environment of a project. But isoitrect to deduce that joining a member from
other country or culture to a uniform team to avgidup think? The answer is it depends. If the
majority accepts the diversity in viewpoints, cudisi and norms, ‘group think’ is avoidable

otherwise opinions from minority won't be distirartd considered.

Per ceived Benefits
Although reaching project’s objective is a drivifagce and has benefit for team members, but

this is not the only reason that individuals tryotercome with challenging activities. Gaining
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different type of skills (learning) through the ct; makes it more valuable and interesting for
team members. This is another drive to have mordribotion and better performance of
individuals. This is very prominent especially fSEM project in which team members are
students (with nothing or low practical experiene#)o want to learn out of executing a
challenging NPD project. Managing participants dtidae in way that they can obtain following

benefits or skills:

e Executing project doesn’'t have benefit only forjpocb management when it comes to
having managerial skills. Individuals practice htmmhandle the activities and deliver the
outcomes on time. They learn how to generate palgoans and allocated their time to
different tasks appropriately. Participants sheadirh the way of dealing with complexity
and finding proper time to combine their effortsdatineir outcomes with others in
different situations. Changeable conditions maghehem to have flexible plans and be
ready to alter them with new conditions withoutitgktoo much effect.

e If project manager is successful with managing @egt team that has members with
various backgrounds, individuals will acquire knedde about other disciplines in basic
level. Not only this is important for members innbs of coordination when they try to fit
their competencies to accomplish a task but alse keowledge benefits them to
perform efficiently in future when they are in slamiprojects.

e Referring to experience in developing project teamnging the form of the team is
possible. Therefore, individuals will be banded atisbanded for few times at least
through project life cycle. This gives them chand¢esknow each other better, to
technically and socially evaluate others and tackjyifind out how they can reach to
desired integrity. According to Edmondson and Neandh(2009) being a member of
varied types of group or teams, increase indivisiusamimg capability’.

e One of the lasting advantage of working in teanit, i managed appropriately, is having
precious and useful network of pepople who haven lmeatacted during carrying on the
project. Well managed team will cross boundariesfitml new sources and gain
knowledge via them. Therefore, individuals try toadf a source to exchange their
capability for what they are weak in. This commuaticns will result in network of key

persons who help each other when it is required.



54

Project manager has critical responsibility in ngang team through various challenges which
they face in executing stage. S/he shall be casitivat team’s performance and productivity will
be in danger if individuals believe no benefit éxign accomplishing tasks. Challenges in
managing SEM 2012 team regarding multicultural pectives and perceived benefits with

related solutions are discussed below.

Challenges of Managing Project Team

National diversity in team has downsides as welMS2012 team included participants from
Norway, Spain, Germany and Iran who all uses Ehglis their second language. They were
taught English in different environments with disgar methods; therefore it is not surprising if
international members describe same event or issum the same way. This subject may cause
misunderstanding and poor communication as teambaesuses distinctive words, idioms and
meanings which can result in unwanted comprehendiba worst case about this issue is not
having same understanding of project objective(s).addition, building and maintaining
cohesiveness among members from varied countnyathar challenge of managing this type of
team. People tend to share company with those vave same norms, views, language and
cultural background. It takes long for minority gpoto be accepted by majority one. Although
creativity in problem solving and decision makisgan advantage of diversity but things might
get out of control if the size of international gpois large. It can be difficult to reach a gerlgral
agreed opinion or alternative when wide range dfitems is available. In this case, project

manager would put a lot of effort on directing tham to reach a consensus.

Concentrating on common values and techniquespgtle with same background may share,
can be a solution to give the members a drive foremntegrity and less focus on diversity.

Successfully managing an international group ibtljgdepends on project manager approach
and behavior with team members. S/he should considesziduals more than colleague and try

to spend time with them to have clear understandirt@eir background, culture and view. It is

highly important that participants got recognizedtbeir ethnic criterions. This can be done
through one-to-one discussions or in casual groeetimg to converse about cultural differences
and their suppositions. Not only such techniqueelitnteam members to learn about other
societies and lifestyle but also common views Wwél identified to put the focus on to reach
favored unity. Besides, team leader shall fostertbiought of esteeming such dissimilarities in

order to have the spirit of coordination among mersb
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What types of challenges might be encountered duemecuting and how overcoming
techniques shall be applied to take benefits? Altngrto Edmondson and Nembhard (2009),
ambiguity and uncertainty are distinct charactessbf new product development projects such
as SEM 2012. Handling project teams under suchitiond, adding deadline’s pressure and
prominence of project will put project manager dhne rest of the team in tough situation that
may result into withdraw of the team. Project maamahould evaluate the rate of involvement of
the members through executing stage to find outhénean issue exists or not. Less involved in
activities might have roots in low individual's efitiveness, not thinking highly of the team or
having less valued status among the others. Legagement in project means minimum
participation of member(s) which leads to losingoartant information that could be vital or
determinant for project. Disagreement easily emavhen a cross-functional team works on
developing new product because each disciplines tiaemake an ideal system related to its
expertise which may not be match with other devedbsystems. Not only idealism of
competencies can be source of dispute, also dissimomenclature, language and approaches
can bring conflict that decrease team'’s efficaalldd et al. (1999) have indicated that there is
no guarantee for collaborative communication witbioss-functional team. Challnege for team
leader is confronting with a notion, called ‘mentabdel’ by Klimoski & Mohammed (1994).
Fundamentals of members’ professions make such Isn@dech gives the sense of preferring
own views over others’ opinions. Focusing on sajvihis issue causes another problem. Team
members, by mistake can fully concentrate on bagdtohesive team despite all challenges to
rach enhance internal dynamic and pay no attetdi@mvironement and external entities. Stated
by Allen (1984), external communications are mdfeotive on team’s performance compared

to intrateam ones.

One of the managerial techniques to overcome vairtgpes of challenges in order to offer
benefits to team members is creating an inspiredr@mement for participants to learn and be
innovative. Although project manager always hasdnsider fallibility but still trying to make
and keep a climate for participants to let thenettile risks can be a driven force to overcome
challenges. In terms of Edmondson (1999), leadkaild provide pyschological safety for
individuals to present an opportunity to learn &king risks and gain related benefits. The leader
shall support the team from any external force thay affect its performance. Mentioned by
Edmondson and Nembhard (2009), leadr can be a pempoto protect the team and its
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independency, so members allow to try new thoughtthods and procedures. Besides, group
sessions shall be hold by presence of team mentbeswlve conflicts and disagreements
emerged from mental models to increase collaboradimd members’ engagement. It is highly
recommended to project manager to analyze issuetuttg and attempt to find a solution for a

problem that is related to majority of the team.
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Project Monitoring and Controlling

Project manager has to set a reliable and logaatral mechanism to direct the project team and
avoid any misleading variances. The manager hagesign a system which gives sufficient
degree of control and keeps the adequate degrélexdsility and creativity within the team.
Maintaining these two characteristic balanced iallenging. On one hand strict controlling
techniques may decrease the perceived freedom amdivduals which results in less team
efficiency and advancement speed. On the other,hanse procedures might lead the project to
over budget or behind schedule status as it i®ely possible that the project team loses the
track of time and allocated financial resourcesseduby too much freedom. According to
Bonner et al. (2002) five types of management cbrgystem are common to be deployed for

handling new product development project:

1. Process-oriented mechanism: in this type, projeahager defines certain controlling
procedures and asks the team to follow them. Theremonitoring efforts will be focus
on individual's reaction, behavior and commitmentvards specified sequence of
instructions. So, basically, team leader wants novk to what extend accomplished
processes by team members are matched with camgrgilidelines.

2. Output-oriented mechanism: by following this, pajenanager determines various
performance goals and asks individuals to meet tldeming project execution e.g.
deadlines, budget limits or performance criteria.this type of mechanism, project
manager gives individuals freedom to choose theim way of accomplishing tasks and
monitoring processes focus on the extent to whastiggpants have met the goals.

3. Rewarding-oriented mechanism: team leaders mayaldeam’s performance by setting
a rewarding system in order to motivate individual$ollow controlling norms. Various
procedures may be taken in this type of mechaniéamager may prefer to keep rewards
extrinsic e.g. giving bonuses or deploy a systesetan intrinsic rewards such as giving
participants the sense of capability and expewtisen they handle own tasks well. Also
it depends on project manager to define a basisefearding. Praising (financially or
non-financially) can be based on the outcome whdividuals deliver desired result or it
might be dependent on their performance, prognedsaaecomplishment.

4. Engagement-oriented mechanism: another method détting an effective control
mechanism of involving key team members or if #ent is small, all of them in time of
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designing the system. In this case, participamsstare their opinion on how technically
the project can be supervised and monitor propektivantage of this method is a
framework which is compatible for all and it magué in productive performance.

5. Intervention-oriented mechanism: Project manager @&iao try to control and direct
team’s performance by involving his/herself dirgatlith individuals’ decisions in order
to impose own opinion. This method might be effextivhen participants’ performance
reaches the breaking point but based on practicdérce found by Olson et al. (1995),

intervening increases power concentration thatsléadess inspiration and inventiveness.

Monitoring and controlling mechanism of SEM 2012 sweombination of output-oriented,
rewarding oriented and engagement-oriented systBusng initiating stage, project manager
offered a monitoring and controlling system to team. The system was improved along with
project advancement as individual’'s made changaesqin order to have better mechanism.
This shows the framework had engagement-orient@dife. Before start with project executing,
participants were well informed about deadlinesidai limits and short-term goals (milestones);
so they could prioritize their tasks and choose @&y to finish them. Therefore, the framework
had outcome-oriented dimension as well. Time wadrotbed and monitored by comparing the
actual duration of each task to planned duratioeekly during group sessions. For
communicating the status of time to the team antthcaized stakeholders, first the project
schedule was updated. The result was put in wg@kiject report as a bullet chart and actual S-
curve to compare with planned one. Following figesh®ws an example of bullet chart. As it is
shown the time were controlled and monitored boémigdically and cumulatively. After
presenting this by project manager in weekly sessimased of gathered data from individuals
about their performance, project team spent timentbthe roots of variance between the actual
work and schedule baseline. Such chart was usembrittol and monitor the status of each
budget item. Similarly, information regarding wegekkexpenses was gathered through
individual's report on actual costs. In additionn@ntioned mechanism, rewarding system was
used in management control system. Usually, proeahager used nonfinancial intrinsic
rewards such as praising and appreciating an ithaiais effort in front of the others. Only one
time, the manager rewarded the whole team findgcrath equal amount for all as the team
accomplished one of the most critical tasks (astiambehicle’s systems) within allocated time

and least trouble.
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Figure 13 - Bullet Chart, Project Progress

Bonner et al. (2002) has named the first three am@sms, formal controls and the rest two,
interactive controls. Formal controls are fixedlzesy follow a routine continuously in same level
during project lifecycle but interactive controkealynamic because they are formed on basis of
communication between project manager and team menhich most likely have rise and fall.
Combination of both static and dynamic mechanissalted in compatible management control

system which could direct participants efficiently specified track with least negative feedback.
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Project Closure

Completing project’s scope doesn’t mean that ptagefinished. The undertaking reaches its end
when processes in closing step are accomplishethlyigrocesses include managerial tasks
such collecting form, records and replying lett@®msaring this step project manager has to contact
stakeholders in order to receive confirmation ocegtability of deliverable. Project team has to
prepare evidences that either project has met ssiaréeria and the final outcome is ready to be
handed over or due to reasons project is failedtamdinated. Project manager must ensure that
all required payments are done and final calculgtiand transactions regarding budget are
finished. From two perspectives the effort shoulélgated, whether the project has been
successful or not and whether customers and sthlersoare satisfied. Final report as an
outcome of this step shall carefully be preparedti€@pants have to consider this document as a
knowledge transfer mean, so, it has to be infoweattlear and credible. The most important
section of the report is lesson learned. Projeamteshould collect all lessons learned and
properly document it in final report in order toasé what they have acquired through project
lifecycle with future teams. When, all administvatiactivities are finished, team leader may
release human resources. Meaning that no one hasreresponsibility about the project. For

closing SEM 2012 following tasks were accomplished:

e Sending email to key stakeholders especially keysprs in order to report the result of
the competition and express gratitude for theioimgment. Also this message included a
guestion about the extent to which they are satisfFurthermore, a photo album that
contains pictures from begging of the project te &md, was provided by team and sent
to key sponsors as appreciation gift.

¢ All remained invoices and payments were taken o&rBy project managers with the
purpose of clarifying the final financial status thie project and remained money for
succeeding team.

e All lessons learned were gathered and organizesedan this, a group report as project
document which consists of knowledge and experiehed competencies was prepared.
In addition to this, participants with system erggnng, electrical engineering,
cybernetic engineering, industrial design and mtojpanagement backgrounds wrote a
master thesis separately to transfer an in-deptgérof the project from mentioned

perspective
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e All project files were organized on the serverdoilitate finding required information for
future teams.

e DNV Fuel Fighter 2 was taken to Hgvik and presertedNV’s staff and middle
managers in order to get the formal approval oreptebility and to make certain they

are satisfied with the vehicle.

L essons L earned for Project Managers

SEM 2012 was full of managerial challenges. Numbéthese were never solved due to lack of
proper foundation to apply desired solutions. Tfogee this section focuses on management
mistakes, their impact and suggested solutionsigdfs what was learned) for issues that

require appropriate basis from very beginning.

Defining team members’ responsibilities was doralpthrough few group sessions. Although,
participants mentioned that boundaries are claarploject manager spent significant time on
solving problems related to scope of work of teammbers. Confusion on who has to take
responsibility of handling tasks increased to sielel that caused harmful conflicts among
members and efficiency reduction. What project myanadid wrong was relying on oral
conversation in initial step. Individuals tried nmake an image of their limits and this faded by
time passing as they made effort to memorize whaiept manager told them. Avoiding facing
such issue, it is recommended to create job degmriph both hard-copy and electronic format.
This document shall be comprehensive and clear hwklould be prepared for each team
member separately. Team leader has to requirecipanits to read them carefully and keep them

as reference for any case of confusion.

For managing SEM 2012 project, the leader mistakessume when team members want to
make an order to purchase a part or necessaryttmy, already know the qualities of it e.g.
physical or mechanical features. In action, pgréints spent not enough time to think about what
exactly they want and this resulted in reorderg fha extra financial burden on the project.
Another issue with procurements was quantity ofdhgers. Requesting more than enough or
less than what project needed, made all proce$cieat. This problem led the project to face
the risk of extra lead times that caused delayctomplishing activities compared to schedule
baseline. Lack of experience in this knowledge aw#thin project manager gave rise to not
having procurement management plan that broughtitadbealing with indicated troubles. It is
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highly advised to the team leaders to generatam fpir managing purchasing processes, in both
terms of quality and quantity. Also another filfer controlling procurements can be purchase
request form. By using this document project mandges better control and monitor over

acquisitions and can prevent false orders.

Team leader was not quite successful in applyimgneanication management plan generated in
initiating stage as mishmash and chaos in disinguand exchanging information were
experienced throughout managing the effort thasedueam’s productivity reduction. Ad-hoc
requests from PR and Media contact person is graohple of situation. Sending such requests
directly to the team members not only violated fars that project manager asked to be hub for
distributing information among the team membersabsid distracted individuals from prioritized
tasks. What the project manager neglected was tanpae of communication matrix. Similar to
confusion related to scope of work, relying on aaplanation at project start-up and lack of
determined pattern for exchanging information aladifying communication channels caused a
mess that significantly affect project team’s efficy. Based on this experience, preparing
communication matrix that defines authorized comication means and channels is critical task.
This management tool shall determined permittedpieats for various types of data and

information.

Proposed Organizational and Operational Adjustments
Suggested managerial adjustments to enhance thectsostatus and condition within

environment (the university) are as followings:

1. Focus public relation and media activities on ursitg: it is really strange that people
who live in Trondheim (excluding students) know fnumore about project and
competition compared to NTNU'’s students. All ofrteanembers experienced it during
last nine months which shows the extent to whiah ghoject is unknown. Clearly, this
has strong relation with the voluntarily processsti#ffing the project. Therefore well-
designed strategies shall be followed within thevensity’s environment to increase the
knowledge of students about NTNU’'s reasons forofeihg such competition, the
structure of the competition, the advantages dii@pating in the project and numerous
career opportunities that students may face bylviwg in the project. Such efforts

should not be limited to students as they can gbigber level and target different
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department’s or university’s higher-ups. If suctelgs performed, marketing plans will
increase the support from different level of thevarsity that has significant positive
impact on managing the project especially recrgistudents. For instance, due to lack of
information about the project, department of cylk&émdidn’t name SEM project as an
opportunity for 2013 team which forces next yeameo make a great effort on finding a
team member.

. Enhancing inter-communications among departmenigeent communications among
involved NTNU’s departments seem inefficient. Swmars from various departments
don’t have close corporation on exchanging inforomaaibout status of the project. More
engagement of departments’ representatives isatrasithey can make effective decision
on different issues of the project. Result of saommunications can be agreed set of
processes to be followed by involved parties ireotd attract students to join the project.
NTNU’s departments could communicate their problemsthe project with others so
that finding solution can be easier.

. Bringing new challenge up: participating in sameegary (urban concept) for five years
gives the impression of repetitive try. It might &gractive for students to go with brand
new challenge of prototype category that has negen considered before. This idea can
reach to level of having two team preparing bottauarconcept and prototype vehicle for
SEM competition. Although this thought seems irgéng but it is challenging from
recruiting and team building perspectives.

. Full dedicated students as a requirement: as khas who are not completely assigned
to the project cannot focus all of their effortisey are not efficient enough that cause
productivity reduction with the team. Also, non-deded members may fail to be
integrated with the rest of the team perfectly tludess interactions between those and
full time members.

. Evaluating candidates: during past 5 years, teamlmes have been chosen without
passing technical evaluation given by departmeask of volunteers makes project
supervisors to choose whoever announces his/héiness to involve in project. There is
no way to ensure that the selected student hagpoopmpetency to be part of the project.
Therefore, varied associated departments, aftecesstully executing motivational
activities, shall conduct technical assessmentnimakif potential team members have
proper background to fulfill his/her role and respibility. Since 2008, only department
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of production and quality management has had sipesmiainterview to filter nominates

and pick out right person.

Early involvement of the future team: It is ide&lproject supervisors choose right

persons soon and encourage them to join resporiedote while the project is in progress.

Early involvement facilitates transferring knowledgetween teams that helps the next

team to have clearer image of future project ag thight start developing plans based on

analyzing current condition of project and inforroatgained directly from responsible

team via open communications channels.

Integrating above mentioned recommendations, offérssteps procedure of enhancing

organizational and operational adjustments:

Marketing Project
Internally

Enhancing Inter-
Communications
Among
Departments

Bringing up New
Challenge

To Increase Motivations
and Support

Requiring Full
Dedicated

Students

Evaluating
Candidates
Technically

To Choose Right Persons

Early

Involvement of
The Future Team

To Transfer Knowledge
Efficiently

Figure 14 - Suggested Activitiesto Promote The Project

Purpose of first three purposed adjustments isntyease motivation in targets (students,

supervisors...) that results in higher number ofregeed people in the project. Next two steps

help supervisors to find students who have relaed required competency and last steps

prepares appropriate condition for effective infatimn exchange between teams.
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Was Shell Eco-marathon 2012 Project Successful?

This question can be answered from following twrspectives:

1. Success Criteria: Before closing the project, tdgd meeting to analyze the outcome
and check whether all success criteria have beeromet. The vehicle was completely
prepared for the competition before shipping iRtutterdam, so team finishes the project
on time. Project never ran over the budget as extvaey (around 50 000 NOK) was
saved for next year team, therefore project wasraptished within the budget limit.
Before competition, DNV Fuel Fighter 2 was tested fumerous times in both system
level and integrated whole to ensure the vehiclelisble. The car successfully passed
all of the tests and based on this team conclutlat & trustworthy car is delivered.
Having no negative feedback from internal and ewkrstakeholders implied high
satisfaction from involved parties which gave tham sense of meeting related success
criteria. DNV Fuel Fighter 2 had two accepted trigsis participants’ endeavor met the
success criteria that required at least one apgrame The only criteria that team
couldn’t reach to it was strong presence in Noraegnedia and press as only 15 articles
covered news about the project. Overall, five dudio measures were met which means
SEM 2012 was successful project.

2. Project objectives: none of the goals were obtaimggroject team (failed effort!). The
reason for not achieving communication and marketiward was lack of experience of
responsible team member. She wasn’t successfilawiag great picture of the project
to Norwegian media and press. Explanation for nioinimg the first rank award can be
inferred from significant uncertainty associated&EM 2012. The team not only built
a new car from scratch but also change the claskeotar from hydrogen fuel cell to
battery electric. Lack of team experience in netegary (technological uncertainty) led
the members to make an engine which consumes muegye compared to other
competitors and this is the single point of failuf@e vehicle has great potential to be in
higher ranks if the next year team specifies thprawement points properly and give
special attention to the engine in order to prodigteer and more efficient one.
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Appendix-Pre-Study Report
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Background

Previous (specialization) report was dedicatedddress difficulties in initiating and planning

phases of an innovative project at Norwegian UmsitgrScience and Technology, called Shell

Eco-marathon 2012. After completing these phasesgldall 2011; tasks related to executing,

monitoring and controlling and closing phases sthdué followed up by project team during

winter and spring 2012. The analysis of what projeanager should do in three mentioned

stages is briefed below.

Executing: within this stage project manager has the respiityg of accomplishing followings:

Managing the activities related to producing dekides in coordinated way by focusing
on project goal.

Being aware of change requests generated duriaghkisise and managing them.

Holding enough knowledge about different technistaindards which deliverables shall
be released according to them. Based on this, girap@anager is responsible to assure
that planned quality auditing processes are berropned entirely and properly by
project team.

Holding enough information about status of the psses related to conducting
procurements.

Providing information that has been desired bigedtalders.

Keeping communication channels open and clear stékeholders in order to meet their
expectations thoroughly.

Enhancing the competencies, team communicationteach environment to increase
project performance.

Engaging in team members’ activities to follow themm, providing feedback to how
project team performs tasks and resolving any ifisaiemakes project team less efficient

and slow in completing activities related to proelgeliverables.

Monitoring and Controlling: during this phase, project manager shall perfdathowing

activities properly:

Checking deliverables with sponsors to make cettaah their expectation has been met
and getting their formal acceptance on deliverables

Evaluating project scope performance and handloagpe baseline changes
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e Directing and supervising procurement activitiedmanister contract performance, and
applying changes and corrections as needed

e Being sure that project team pays attention togeized risks and plans for responding
them. Beside project manager has to track residsied and the process of identifying
new risks during execution phase.

e Tracking the status of the project to update ptogmhedule and generating progress
reports. In addition, project manager has the nmesipdity of applying changes to
schedule baseline, if necessary.

e Tracking cost, updating project budget and managihanges to cost baseline.

e Supervising on execution of quality activities dwping the record of their outcome in
order to evaluate the performance and suggestregjcihanges

e Gathering and handing out information regarding jemio execution according to
communication plan. Distributed information maylude status reports and evaluation
of future steps.

Closing: Executing below mentioned tasks is in area gbaasibility of project manager:

e Tracking and supervising the process of takingl fstaps to complete all activities in
project in order to terminate the project formalit. project closure, it is up to project
manager to ensure that all steps in project has taden appropriately and planned goals
have been met. This can be done by reviewing irdtion of process from all over
lifecycle.

e Project manager in this stage has to be sure thgtrecurements are closed and
completed. This means no claims related to corgtrsttll be remained after this phase.

Objective and Tasks

Performing before mentioned tasks during winter apdng 2012 is determined objective for
this project assignment in order to assuring thalfdeliverable-DNV Fuel Fighter 2-meets the
common expectation of project stakeholders whichwianing the competition in battery

electricity class. During this time project propestin field of managing risks, communication,
cost, time, quality and human resource will be doeated and analyzed in order to provide
proper knowledge transfer mean to next projectdgadl of Shell Eco-marathon project at
NTNU. Afterwards, recommendations will be maid lthsen experience by purpose of
enhancing management of this type of voluntary dbasejects.
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Due to time limitation, selected research methodtfis project assignment is going to be
literature review which is recognition, readingridgement, and assessment of earlier published
articles, books... on specified objectives. This rodths going to be carried on through
following steps:
e Organizing and reviewing: this includes identifyitgpics and keywords in literature to
see if they were relevant to our topic.
e |dentifying and finding resources: this includesngskeywords in available databases to
find appropriate documents.
¢ Reading and summarizing resources: taking noteslandging chosen resources.

e Writing final text: combining and integrating thersmarized data with each other.

According to the scope of this assignment whicheigplained before, following Work
Breakdown Structure (WBS) will be basis for comiplgttasks related to master thesis. As
technical perspective o the project consists of enanrs subtasks only high level structure is

shown.



Project Assignment

Technical Delivering Master Thesis
] ]
Quality Management | || vwriting Pre-study Report

Performing Literature

Procurement Management ;
= = Review
Communication Documenting Project
— Management — Properties
HR Management || Preparing First Draft

) Asking For Feedback From
Time Management .
— Supervisor

Cost Management | || Preparing Second Draft

Risk Management ||| Submitting Master Thesis




ID Task Task Name Duration Start Finish Predecessors Jan'12 ‘ Feb 'l ‘ Mar '12 Apr'12 ‘ May '1 Jun'
©  Mode 01]08 15/22/29/05/12]19/26/04]11 18/25]01/08]15/22/29]06]13/20/27]03/10/17] 24
1 = Delivering Master Thesis 100 days  Fri20/01/12 Thu 07/06/12
2 = Performing Literature Review 50 days Fri 20/01/12 Thu 29/03/12 4
3 = Budgeting 1wk Fri 20/01/12 Thu 26/01/12
4 2 Complexity 1wk Fri 27/01/12 Thu 02/02/12 3
5 = Communication 1wk Fri 03/02/12 Thu 09/02/12 4
6 = Early Phase Management 1wk Fri 10/02/12 Thu 16/02/12 5
7 = Planning 1wk Fri17/02/12 Thu23/02/12 6
8 = Project Performance 1wk Fri 24/02/12 Thu 01/03/12 7
9 =|::> Schduling 1wk Fri 02/03/12 Thu 08/03/12 8
10 =|::> Scope 1wk Fri09/03/12 Thu 15/03/12 9
11 = Success Factors and Criteria 1wk Fri 16/03/12 Thu22/03/12 10
12 = Project Team Management 1wk Fri 23/03/12 Thu29/03/12 11
13 = Writing Pre-Study Report 1wk Fri 03/02/12 Thu 09/02/12 255+2 wks i
14 = Documenting Project Properties 17 wks Fri 20/01/12 Thu 17/05/12 2SS D
15 = Preparing First Draft 1 mon Fri 30/03/12 Thu 26/04/12 2 «
16 = Sending First Draft to Supervisor 0 days Thu 26/04/12 Thu 26/04/12 15 26/04
17 = Asking For Feedback From Supervisor 1 wk Fri 27/04/12 Thu 03/05/12 16
18 = Preparing Second Draft 2 wks Fri 04/05/12 Thu 17/05/12 17,14FF
19 = Sending First Draft to Supervisor 0 days Thu 17/05/12 Thu 17/05/12 18 17/05
20 = Asking For Feedback From Supervisor 1 wk Fri 18/05/12 Thu 24/05/12 19
21 = Finalizing Master Thesis 2 wks Fri 25/05/12 Thu 07/06/12 20
22 = Submitting Master Thesis 0 days Thu 07/06/12 Thu 07/06/12 21 07/06
Task N External Tasks W Manual Task B Finish-only n|
Split o External Milestone ¢ Duration-only Deadline <+
Project: Pre-Study . . e
Date: Mon 02/04/12 Milestone L 4 Inactive Task ] Manual Summary Rollup s Progress RS
Summary P  Inactive Milestone & Manual Summary P——
Project Summary P Inactive Summary U1 Start-only C
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