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Abstract

Large projects having ambitious science goalsiaolliding new engineering technologies,
significant infrastructure, and big budgets typicalindergo much scrutiny prior to approval for
expenditure. What is less clear is whether eargestplanning takes proper advantage of potential
indicators of success (or failure) based on leagifiom relevant past experience, and whether early
stage project development/planning can be made efteetive.

While there is considerable literature concerniegagal management of large projects, and execaofion
complex programs, there is little material dealimgh success drivers for large amdmplex high-
technology projects typified by the ALMA and SKAdia-telescope projects.

Drawing on recent PhD research, we present thdtsesua new meta-study of the literature, informed
and validated through interviews with high-techmyyl@roject managers, scientists and engineers from
selected case studies. Our conclusions addressitibefs of success, project function and structure,
authenticity, and strategic procurement. Dimensiingroject complexity are examined, looking beyond
technical and programmatic challenges into theriatie and external project environment. Project
resilience qualities are revealed, as well as tdsgous traits of successful project managers. &evi
methods are discussed, together with effectivega®es for organisational learning. We identifyical
success factors in relation to the developmenthef $KA project, and offer a practical checklist of
indicators and drivers for high-technology megajgrbsuccess.
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1. Introduction and Background

Much has been written regarding general projedopmance, and the literature is rich
in empirical studies of tens, and sometimes hurgdreti projects in an effort to distil factors
governing their success or failure. Case study wiorkolving report analyses, interviews and
questionnaires offer insight through evidentialadedmplemented by qualitative judgement [1].
Other studies have derived conclusions throughsstatl analyses and although meaningful,
require more interpretation by the practising prbjeanager.

Many studies stem from a perception that large,lipally funded projects, often
launched in a fanfare of optimism, frequently ouarin terms of cost and time and occasionally
become théiascosdescribed by Flyvbjerg et al. [2] and Grin [1]i§1s no less so in the realm
of large, high-technology (high-tech) projects tfakin one or more performance criteria, and
contribute to the long and (dis)honourable histafrynega-project failure [3], [4], [5], [6].

Cost overruns and schedule slippage of >25% ameymm in mega-projects, and are
often accompanied by severe and sustained opesbposblems. Flyvberg et al. [2] found little
outcome change in 100 years of project managenamd, despite forensic dissection of
individual failures, few mechanisms (and sometifitle will) emerges to learn from failures.
Optimism bias is nearly always a key factor, comrmubog blatant dishonesty in order to get
projects funded [7], [8], [9].

The good news is that about 40% of mega-proj@etsuccessful [2], and this led to the
present research question: what was special abes¢ tprojects, and can their traits be applied
at start-up and early management of new high-teojegts, particularly the Square Kilometre
Array (SKA)? In particular, we investigated whethearly stage planning takes proper
advantage of potential indicators of success basekarnings from relevant past experience,
and whether early stage project development/plancam be made more effective.

Our early research showed that much more than gomdct management practice was
involved, and success is often contingent on botfept environment , and human factors. The
conclusions presented below emerge from our amalgsd applications of published data, and
from knowledge extracted and tested through owewark.

2. Methodology

Our research was underpinned by a comprehensiewref the published literature
on the topic of project success and adjacent sishjas well as a study of related project
management texts, institutional and project repodsorded interviews, and articles from in-
house and public publications. Evidence was supgdolly specific project documentation
wherever possible.
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A core component of the research effort was a reetdy of the literature by Crosby

[10], mainly drawn from peer reviewed journal pebtions, and supplemented by published
reports and case study extracts from academia. i&ta sought from a purposely broad range
of studies from the Western world covering the paStyears, containing diverse project
characteristics in terms of purpose, budget, locatengineering innovativeness, and sponsor.
The only selectivity applied was to ensure a regmedive and statistically significant sample of
high-tech projects with some systems engineerimgpoment. In total, 29 general studies were
examined encompassing 2,820 projects (cases),lhasasiccess factor summaries drawn from
two other papers dealing with different projects.sé@b-set of 20 studies (928 cases) were
classed as high-tech projects.

Complementary to our research were field investigat at 16 mega-science project
sites (Table 1). Important data and project artsfaere gathered at these facilities; however, it
was the ‘lived experience’ related by project mamgnt and staff that was most enlightening.
This case study material proved immensely valudblevalidating the scientifically and
empirically derived conclusions from the research

The chosen sites each satisfied the criteria ofingagubstantial and specialised
infrastructure, > US$100 million budget (except t#hetarctic LIDAR), and a science goal
concerned with astro, particle, or nuclear physigsits of 2-3 days were pre-planned to ensure
access to key project management representativemalF interviews were conducted, each
typically lasting 3-5 hours. Use of a question éissured a systematic approach and consistency
of topic coverage; however interviewees were foegnplify their responses as necessary.

Project Acronym L ocation Description
ALMA Northern Chile Radio telescope array Qf ~66 dishes. Under
construction.

ASKAP Mid-West of Western Radio telescope array of 36 dishes, and precursor|fo
Australia the SKA project. Currently under construction.

ATCA Northern NSW, Australia| Radio telescope arrég dishes. Completed in 1988.

Site not yet decided, but . .
HIPER most likely Oxfordshire, High power Ia§er to demon;trate the feasibility of
UK laser-driven fusion. Currently in early stage piagn
ILC (DESY) Site not yet decided.

Possibly Russia, Dual opposing linear colliders of super high power.

X-Ray high power free electron laser

XFEL (DESY) Hamburg, Germany

International Thermonuclear Experimental Fusio

ITER Provence, France. Reactor that aims to demonstrate energy from fusipn.
Under construction.
LHC Beneath the French-Swiss Large Hadron Collider — a gigantic particle
border. accelerator. Began operating in 2010.

A light detection and ranging instrument configuted

LIDAR Davis Station, Antarctica.| probe the mesosphere . Commissioned in 2004, and

since upgraded.

Radio telescope consisting of thousands of omnit
Centred in Northern directional dipole antennas. It commenced operation

LOFAR Netherlands in 2010, and is continually being expanded.

2 The case study as a research method is suppgrtéith §2009), who describes the methodological apph
which we followed to ensure conclusion validity gsmdduce useful distilations from complex phenomena
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Radio telescope array of 7 dishes (to be expanded to

Northern Cape of South ~80). A precursor for the SKA project currently end

MEERKAT

Africa. .
construction.
South of Sydney, A state-of-the-art 20 mega-watt open-pool research
OPAL : o7 .
Australia. reactor. Commissioned in 2009.
Location is either Southerh A giant radlo telesqope with 1 million square mx.almé’
SKA collecting area using thousands of receptors, ity eg

Africa, or Australasia. .
design phase.

SYNCH (Australian A particle accelerator accommodating 30 beamlilies.

Melbourne, Australia.

Synchrotron) began operations in 2007.
TOPSAT RAL (UK). TOPSAT is A micro-satellite with advanced, down-looking,
still in earth orbit imaging cameras. Launched 2005.
VISTA Northern Chile A visible and infra-red survey telescope.

Commissioned in 2009.

Table 1. List of case study projects and organisations

3. Study conclusions

In the paragraphs below we summarise 14 major asiwis from our study.
3.1 Grasping the challenge

Multi-billion dollar, high-tech projects are inhextéy risky, yet their international scale and
huge cost implications demand that success is \athiand project performance maximised.
Success criteria must be objectively set via amalgs hard and soft critical success factors.
Traditional project management techniques are ficseffit to meet project demands, and a
fuller understanding of success drivers is requioddt project performance.

3.2 Multi-dimensional complexity

Large high-tech projects, while not ‘wicked’ proimis, are more than just complicated and
difficult. Technical complexity requires comprehmms through mathematical analysis or
typology characterisation. Collaborations introdfisgher complexity and uncertainty through
compatibility and cultural issues (including ingtibnal-industry differences).

3.3 Project structures

High-tech mega-projects with their own identity amgkrating legal entity do best, however a
case also exists for building on existing instdo8. Member obligations must be extremely
clear, with shares, credits, apte retourpolicies agreed and formally stated. Locating the
project headquarters close to the site is showretbeneficial, as is a dual leadership between
an influential science/engineering figure, and gpegienced and qualified project practitioner.

34 Procurement approach

Procurement is shown to be strategically import@ntsuccess, and an informed, holistic
approach can improve effectiveness and underpire rpayductive and open relationships with

4
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suppliers. Several key procurement strategies gaotly influence project success, including;
early establishment of functions and policy, appaip contracting models and instruments, an
agreed policy for specifications, risk, and purahg@rocess, and transparent relationships.

35 Instilling resilience

Three ‘attitudinal’ resilience factors are iderdtdi (1) curbing of enthusiasm for excessively
optimising the project picture, and facing factshaiealism, (2) the use of analogous lessons-
learned to inform stakeholders of the risks andomepallenges ahead, and (3) cognisence of
project complexity, periods of ambiguity, peripefghifts of fundamental understanding
enabling project evolution), and uncertainty.

3.6 Project launch conditioning

The quality of resilience is also strengthened ubho six manageable ‘launch conditioning’

factors. (1) The early setting of project missiamd asuccess definitions, and (2) clear and
consistent structures and processes for reportidgdacision-making. (3) Establishment of an
holistic project information office with a remit yend the technical arena to cover all data and
media traffic. (4) Adequate preparation for unknewnthose risks or events that cannot be
identified by nature, but statistically are likely occur®. (4) Keen awareness of the extra-

project landscape (political, environmental, sadjettc.) , and (6) the deployment of a mission
assurance function to add rigour to early projefinition and requirements setting activities.

3.7 Planning, schedule and budget

A baseline description is required at project stad bundled set of dynamics incorporating
stakeholder assumptions, constraints, and a referpaint from which to plan. The project
plan must adequately describe the project lifecarld contributing phases, and a tested cost
and schedule budget,. Casework shows that, even theerequired urgency is instilled, the
‘marching army’ effect means that cost or schedlifgpage beyond ~20% is unrecoverable.

3.8 Theory derived success drivers

Crosby’s meta-study of project success factorsase2820 cases [10] concludes that sound
project management control and execution systentsaaclear project definition and goal set,
are by far the most important drivers of projeatcgss. Competent information management
systems ranks third, followed by sustained commatetnirom top management. Many of the
study’s top ranked success drivers (Table 2) arellwlor partly newly ranked ‘soft’ drivers,
indicating the importance of leadership, motivatiexpectations, and team engagement.

% For example, one effective response strategy isedorm task force(s) in readiness to act swifilyhe face
of any threat to mission delivery — backed up loglaulated contingency reserve.
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Success Driver Rank / Score
Project management (PM) control & execution systempdace, with robust policies,
planning, procedures, document control, audit, etc 1/23.87

Clear project definition, requirements, goals, ofiyes, scope, and project mission; sound
business case 2/19.53

Mature project communication, information systesféective public relations management 3/11.18

(Top) management (or sponsor) support with susadeenmitment, appropriately engagef 4/8.96

Project baseline, estimates accuracy, project pbasifective project performance (reviews)

and measurement 5/8.96
Leadership skills, PM experience & stability; mativng & socially capable PM 6/5.97
Agreed realistic customer / user expectations;ueet| customer contact 7/3.37
PM/QOrganisational understanding & competence ifggtananagement 8/3.37
Adequate resourcing of the project 9/237
Aligned perceptions of project goals & success nagement and team; sense of urgency

instilled 10/2.37
Effective stakeholder engagement / partnership ¢dient, contractors, etc) 11/2.37
Organisational responsibilities assigned to righ¢d capable team 12/1.64
Mature, effective project management change coptatess; effective deviations handling

& configuration control 13/1.64
Understanding & continuous management of riskbility of risk register 14/1.13
Project Manager & PM systems matched to projectpiexity, and culturally aligned 15/1.13
Effective means of learning from experience andioonus improvement environment 16/0.78
Full understanding, and early engagement, of hmatmyment environment and institutional
requirements 17/ 0.78
Right-sized systems engineering; managing and piragur right sized project ‘chunks’ 18/0.78

Table 2. Success drivers tabled by occurrence within theéyspopulation literature

3.9 Personal traits

Our investigation of the less obvious charactedstf successful project managers points to
eight personal characteristics, traits, or skilisttare strongly indicated as subtle, though
significant, factors in driving high-tech projectrformance. These are (1) The ability to deal
with the temporary and uncertain nature of meggepts, (2) Having and demonstrating
personal authenticity (though not necessarily shnaai), (3) Applying persuasive skill in the
management of collaborations, (4) Having an appatgrbalance of management and
leadership talent, (5) Motivating strategic inflaenthrough persuasion, encouragement, and
negotiation, (6) Knowledge-sharing and trust-buidiin a diverse cultural environment, (7)
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Having a personal profile and competence well netdio the project, and (8) Driving a clear
sense of project urgency while managing deviations.

3.10 Project management models

Practice guides, often in the form of ‘Books of Kniedge’ (e.g. PMBoK) contain much good
task oriented material and have some applicatigoraject manager certification. However they
are of limited use for developing and managing esscstrategies in the very complex
environment of high-tech projects. Recently introgtl maturity models (e.g. CMMI) offer

more promising frameworks for execution and assessf complex projects.

3.11 Authentic endeavour

High-tech projects must be constantly alert to dec®ur study found that dubious practices

can emerge where no plausible quest exists an@ssicoetrics are meaningless. We revealed
examples of unrealistic promises, potential fagsoe, and embellished reports. In times of
financial constraint, expensive high-tech projestsmore closely scrutinised and legal action is
not unknown. In cases of ‘blue-sky’ research, tdksholders must are aware of the risks and
the basis of project approval.

3.12  Project reviews

Project reviews are not only essential to monitat measure effort, but also mark progress and
allow for course corrections and renewed fundingisiens. Our research supports the case for
the adoption, or shift towards, an industrial mafdelproject reviews by pre-planning these as
formal stage gates mapped to project phase atadkiimervals, followed by an ‘issues’ close-
out process to ensure timely and accountable resgon

3.13  Post project reviews

Timely holistic review can reveal extremely usekmowledge for both individuals and the
organisation, and form a valuable (though undeteagtqul) avenue of process improvement. We
posit that such events should include participanifside the high-tech project team such as
support staff, contractors and users. For addettt®fEness, we commend subsequent cognitive
mapping techniques using cause-chains to revedlluseelligence for the organisation — and
for the high-tech mega-project community.

3.14 Learning lessons

The post-project review will have limited effectttie outcomes are not effectively captured
within a knowledge system or database. If projemhesia is to be avoided, the lessons learned
must be transferred to the organisation so thatkea by the wider project community can
readily source and apply the wisdom. Our study shihat a learning culture is critical to lifting
organisational performance, and may prove advaategehen competing for funds.
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4, The CHiPS Tool

Having identified and validated important indicatoeas of high-tech project success,
we developed these into a practical tool that carafplied by project practitioners, funding
approval agencies, reviewing panels, and projedit@ns. The resultingChecklist for High-tech
Project SuccesgCHiPS) tool sets out key success indicators fightech mega-projects,
grouped by project phase. Against each of 60 inolisave present example evidence that might
support validation of the indicator. The tool is shaisefully applied at the conceptual and
approval for expenditure (AFE) stages, althoughititécators bear review throughout project
execution. The aim is to achieve a repeatable ctobgassessment of where the requirements
are addressed, and where gaps remain. Figure Isshemall section of the CHIPS tool.

Project Key Indicators Example Evidence Findings ¥ orX
Phase
25.There is a detailed project budget | Detailed budget for project
and schedule containing realistic commencement plus 2 years. Medium
budget and schedule contingency for | level budget for remainder of project
both identified risks and unknown lifecycle. Contingency reserves are
unknowns. Optimism tendencies are calculated or otherwise assessed, and
exposed and corrected. Resources valued. Detailed schedule with critical
are allocated for capturing project path and project dependencies
lessons. identified.
Budgets are based on traceable cost
- The project scope can genuinely be models or data, with adequate margins;
% accomplished within the proposed and benchmarked against analogous
g budget and any contingency reserves. | situations, or certified for accuracy by
a qualified cost accountant. Schedules are
3 independently reviewed and certified as
o practicable.
g The budget includes provision for post-
E project reviews.
=< 26.The project mission, broad goals, Project mission, goals, and specific
and specific objectives are clear. objectives are declared in project
Project success criteria and critical documentation. Success criteria and
success factors are expressed. critical success drivers are recorded, and
reflected in project artefacts.
27.A coherent and complete system Project plans contain a clear description
description, and systems engineering of the project system, interconnects, and
approach, is embodied in project dependencies. A systems engineering
plans approach is underpins all artefacts,

Fig 1. Example sheet from the CHiPS tool

5. Conclusionsfor the SKA project

The SKA project is in transition from the concepsidn phase to the pre-construction
phase. There are many timely and readily applicdbgsons for the SKA project which can be
derived from our work , and the consideration &f fill CHiPS tool is suggested. Nonetheless,
considering the deep study summarised in this pamgeconsider the areas set out in Table 3 are
those requiring immediate attention in order toerpadh future project stages.

(Re-)Define the mission Agree and announce theadhva&iccess metrics
Declare a ‘shared construct’ of project complexity
Set up the SKA Profetisory Committees as Task Forces to:
- build on current foundations of industry engagetne
- set key project IP & procurement policies

- re-engage with SKA community

Get the collaborations right
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Get tough, and get real - Instill qualities nowbtald resilience

- Address optimism and contingency factors

- Set rules for project information flows

- Urgently implement a project staffing plan

- Monitor and maintain project pace — every day

Tabel 3. Principal areas of the SKA project requiring atiemt(as at the date of this paper).
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