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Executive Summary

Education and training costs for companies looking to adopt BIM technology will be, to a
degree eliminated when universities and other educational providers incorporate BIM
training into degrees and coursewof(Rllen Consulting, 2010)

This project aims to deliver on three important areas:

1.
2.

recommendations for ministers and policy makers for a nationally consistent strategy
recommendations for modifications of current procurement and contractual framework to
allow more collaborative and Blenabled project environments

a dissemination strategy that includes providing informative material to different levels of

the supply chain through our work with organisations such as CCF and EA, as well as through
our partner organisations and our medi@sources (youtube channel, industry publications,

etc).

To inform each of these aims, this current research report aims to inform this discussion through
providing information on three key areas being: (i) a current insight into relevant BIM/IPD sk#s mo
broadly; (ii) knowledge dissemination and uptake; and (iii) the role of knowledge intermediaries.

Recommendations from the analysis of a review of academic literature and industry document, and
an analysis of interview findings have highlighted the chém a more strategic approach to skills
development in this country (whether national, state or organisatiased) that addresses the
three tiers and the three types of skills needed (i.e. technical, human and concefthialjncludes:

T

A reed for better coordinationacross knowledge providerand industry support for
initiatives such as the AP@CIF education and skills proje€he team recognised that this
approach is problematic due to the current market driven approach to education and
training at both tertiary and professional levels.

Recognising the significant benefits sifonger links between industry and acaden(fier
example Swedish students often served placements in industry and industry staff were often
involved in education).

Develping support systems for capability development by S8liER as that employed by
some state agencies where contractors receive training when new processes are being
adopted for project delivery.

These recommendations then need to be integrated as a pathefset of milestones
proposed in the accompanying documenbwards a National StrategyEducational and
training providers need to engage with such an ongoing collaborative effort in order to
continue to finetune and focus training and courses which akailable at undergraduate,
post-graduate and professional levels.

A strategy isalso proposed fordisseminating research findings to upgrade skillsoss a
three tier hierarchy of decisiemakers, that is, government decisiomakers, midevel
strategt decisioAmakers, and those involved project and program delivery.
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1. Introduction

BEIIT Cs Early 21st Century Vision for the Const.
industry will become one that:

o0 Is organised around the logic lotegrated Project Delivery (IPD), as enabled by
integrating technologies.
Has collaborative contracting as the norm.
Respects the skills and experience of all industry participants.
Attracts and retains people who collaborate.
Maximises the time, cost amgliality efficiencies of offite fabrication and assembly and
minimises exposure to esite variables.
Works to improve quality while reducing costs across the supply chain.
Serves both the domestic and export markets through high end products, maaedals
skills(Fien and Winfre@012a)

As we move towards a more integrated industryymmerous reports have raised skilling the
construction workforce in the use of new digital technologies such as BIM as one of the key
challenges to be faced by Australiatiee near future (buildingSMART Australasia, 2012; AMCA,
2012; Australian Institute of Architects, 2010)

O O oo

o O

BEIIC(2012) further highlighted the fact that clients, ctnactors, subcontractors, architects and
consultants are all struggling to come to terms with BIM. This situation creates the need to promote:

() Investment in knowledge transfers and curriculum change policies across the vocational
education and training &T) sector

(i)  Support from higher education and the industry for widespread adoption of new digital
technologiegBEIIC, 2012)

Peansupap & Walk¢R005)also identified training as a kéarrier to adoption and implementation

of information technologies and suggest that learning should also be part of anyoigiaaisational

IT implementation diffusion strategy. This is traditionally provided through formal or informal
training, short cotses, or university courseBor intraorganisational learning, it is paramount to
continually assess the requirements to reduce the knowledge gap by tailoring the training programs
to the trai nee {Peansupap &valke 2005)Resklisrbn thel MeGram Hill
Construction2008)survey also highlight the relevance of the choice of method depending on
experience level and audience for intpaganisational training.

Li, et al.(2008)identified three types of skills needed:

1. Technical require the modeller to understand construction processes, to have a strong
handson knowledge of digital modelling systems and software

2. Human to work with other peopleof the integrated construction team. Especially the
process modeller needs to be salivare, understanding and sensitive to the feelings and
thoughts of others to maintain a healthy interpersonal relationship with the rest of
construction team

3. Conceptualto understand the schematic representations for process, product and resource
models. These schematic models provide a theoretical underpinning for construction virtual
design technology.

This report summarises the findings from research carried out under SBEnrc projettt@dgtated
Project Environments: Leveraging Innovation for Productivity Gain through Industry Transformation
The report focuses on those research results that pertaithe reduction of the skill gap related to
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IPD and BIM. It also provides recommendations for a way forward as well as a dissemination strategy

to increase the understanding of IPD and BIM in the transport infrastructure industry.

!

1.1.Coordination toProvideLeadershipand Address Complexit

Trafikverket have an internal education program, and seminars to inform us (industry)
about how BIM, the benefits of BIM in house building and in infrastructure building

Swedish Consultant

Giangregoria and Go%2008) identified he need to provide direction and transitional funding for
curriculum development and training at a vocational level in the context of a national framework for
the implementation of BIM and IPD by the building design sedthis still aplies, and further, is
critical to the broader construction industry in Australia in order to maximise the benefits of these
emerging processes and technologidhese two groups are however just two elements of this
complex network involved in deliveof innovation in this industry.

Fien and Winfree (2012b) identify 7 key stakeholder groups in industry innovation including:
government; private enterprise; industry and professional associations, accrediting bodies and
unions; industry CPD providers; maacturers and suppliers; tertiary education, both VET and
universities andresearchorganisations.

Further to this Fien and Winfree (2012a) highlight the differences between the various players in the
education and training sectors in Australidgurel). This analysis does not include training provided
through alternate mechanisms such iashousetraining. This is normally donby employes with a
vested interest in addressing skills gaps which may include mentoring, or bnythgse with
knowledge For exampleghe Centre for Integrated Facility Engineering (Cl¥BYyides company
fundedcourses delivered in Sweden and/or Australia.

The significant array of participants involved in the delivery of transport infrastructure in Australia
addsto this complexity Theseorganisationghus have a role to play in how the industry adopts new
processes and technologies.



Figure 2 illustrates the peak body maps for both Australia and Sweden prepared as part of this
research These mapsighlight the complexity evident in Australian relations in comparison to that
in Sveden.

Vocational Education University Industry Professional

and Training Development

Funding Industry and Government Full fee from student or reduced

Government member fees, grants
Regulation Australian Skills Quality Tertiary Education Quality Self-regulated

Authority and state Standards Agency

regulators
Australian AQF levels 1 to 6 and AQF levels 5to 10 and non- Non-standardised or AQF
[@DVEIilE=l - non-AQF courses AQF courses courses
Framework
Levels
Market Demand driven funding Fully demand driven funding Competitive free market

in Victoria only, under
review in NSW, Qld, SA,
WA

Accreditation Competency based Self-accredited by the Accredited and non-accredited
of courses training (national/state universities training often to support
standards and professional recognition
accreditation

Industry led training Academic research and Based on professional
education reflective of industry standards or specific client
and market demands based on based needs

professional standards

Figurel. Key differences between education and training sectors (Fien and Winfree, 2012a).
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Fien and Winfree (2012b) highlight that it is necessary seemior decision makers in the built
environment industry and associated further education sedtodevelop capacities including those
that: attract and train people skilled in collaboration:-eagineer industry roles to enable IPD; align
accreditation with reengineered roles and skills; and support small and medium businesses to reskill
around new industry practices.

In the United KingdonfUK), NBS (2014) reported that in small firms of one to 5 people only 35%
were confident in their skills and knowledge in relation to BIM, and 62% of the firm considered a lack
of in-house expertise a barrier to adoption. Whilst in firthat are six or mre, 50% were confident

in their skills and knowledge, and 77% considered a lackhafuse expertise a barrier.

(2 SONB LI NIYSNAY3 gAGK dzyA@SNEAGASA (2 3ALAy 02y
to: contribute specialist expertise from withiniversities; and access the specialist expertise
from other universities and from industry people. The universities are very excited that v

be having a neutral platform where (with information) available to all of their
& 0 dzR $Sgniefunversitieghowever]are more reluctant to get on board and change the
curriculum, with the view that if they put in digital modelling then they need to eliminate

\ somethina else in the curriculum; also because this is a rapidlv chanaina field J

Australian IndustryAssociation Manager

1.2.FromDiffusion to Uptake

In technologydiffusiontheory! it is generally recognised that the process of diffusion realises the
productive potential and competitiveness achievable from new technology (Stoneman & Diederen,
1994). Fichman (1992) divides the implementation phase into six stages: initiation, adoption,
adaptation, acceptance, routinisation and infusi@f. particular interest to the present research are
the latter three stagesAcceptance can be most successfully emagad through the documentation

of wellselected eventsTogethertheselegitimise the new work reality as an effective solution to a
class of important organisational challenges and opportunities (Zmud & Apple, 1992). Routinisation
is defined as the permment adjustment of an organization's governance system (e.g., its
administrative infrastructure) to account for the incorporation of these technological innovations.
And infusion is defined as the final stage of IT implementation and is highly influenced b
interpersonal communication and innovation maturity (Peansupap & Walker, 2005).

Five barriers to the adoption of digital information technologies have been raised in the academic
literature (Hollenstein, 2004Comin & Hobijn, 2006; Miozzo & Dewick, 2002

(i) Investment costs and unfavourable financial conditions

(i) Human capital restrictionsgeneral shortage of highly skilled workers, insufficient training,
etc.

(iii) Information barriers

(iv) Managerial barrierse.g. insufficient awareness of managers and deficstrategic
orientation.

(v) Sunk cost barrierswhich may imply high substitution costs.

1 The acceptance and spread of new technology in a market or user community (Loch & Huberman, 1999

Reducing the Skills Gapuly 2014 8| Page
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Other issues which can assist with adoption include:

1 Sponsorship and standardisation can facilitate the widespread adoption of new technologies
(Katz &Shapiro, 1986).

1 Change management variables such as motivation, training and technical support, supervisor
support and open discussion categories (Peansupap & Walker, 2005).

1 Knowledge sharing and learning literature to provide the basis for the developai skills
among users, and skill and knowledge transfer through communities of practice.

According to McGraw Hill (2008), college andtlogrjob training can help users unlock the potential

of BIM, since research shows that users gain more positivétsesom BIM as they develop higher
levels of expertise. This survey showed that training programs on BIM basics is the most important
training need across all surveyed experience levels and company sizes. However, there is no
agreement on the best delivg method and the industry still splits between: external trainers, train

at off-site locations, use internal trainers, or sgHiining (McGraw Hill Construction, 2008).

It is also important to note that metgovernorg can prevent systematic patterns ekclusion by
bridging barriers facetby groups such aSmall and Mediunrsized EnterprisesSME$} (Sgrensen &
Torfing, 2009). Intermediary programmes which address cultural, financial and accessibility issues,
have the potential to assist here (ParkerHne, 2013) Barriers identified by Lange, et &000)
include:

9 Cultural that is, attitudes towards skills developmeultural barriers are one of the greatest
hurdles affecting SMEs attitudes towards training antssiievelopment. These can be reduced
through the use of o#the-job and/or more informal training where the direct link between cost
and benefit is more visible.

1 Einancialbeing the cost or perceived cost of training and learning. Effective network
managenent can help to reduce these barriers by: (i) lowering the transaction costs of
networking through the provision of adequate support and resources; and (ii) empowering the
network actors through the funding of individual or collective learning in ternpadifcipation
in courses, seminars and conferences, the invitation of guest speakers to network meetings, or
the organization of future workshops with external moderators (Sgrensen & Torfing, 2009).

9 Accessfor example when training programs are only pand by a few institutions, the
transport cost and down time might effectively restrict access to these skilling programs.

1 Provisionwhere training is only provided as a response to particular need instead of as part of
an ongoing program. Reducing thdsariers will require a greater degree of formal training that
provides employees with access to learning in a more convenient and timely fashion (e.g. online
learning).

Giangregorio and Goss (2008) identified a series of recommendations based on acdekiréss
skills needs improved uptake of BIM and IPD including:

1 Governmentcreate awareness of the benefits of leveraging benefits through contracts and
work collaboratively to remove institutional barriers

2 Meta-governance refers to the need of formal public organisations to exercise some control over devolved
and decentralised decisieamaking organisationsin this sense, metgovernors are actors (often public
organisations) who exercise some level of control over devolved and decentralised decédion
organisationgBadie, et al., 2011)

Reducing the Skills Gapuly 2014 9| Page



CrickFaiAnnahhl
ouUsS(alnNaoLe

Built Environment
National Research Centre

91 Industry develop relationships and reward tlodé delivering integrated solutions, and
promote technology and processes that leverage this behaviour

9 Businesswork with financial organisations and insurers to build understanding of IPD such
as reduction in risk and errors

91 Professional Associatior@ovide information, guidelines and continuing professional
development

1 Educational andraining Institutionsintegrate BIM and IPD as a part of curriculum.

~

If there were government agencies who decide to use BIM, then professional
organisations suchs CCF and EEA would probably try to pool resources and develo
2F | 02ttt SOGAGS 2y (GKA& YR &aSS K2g wikKSee O
0SSY 62Nl AYy3d 2yX¢KSANI NRES &aK2dzZ R 60§ Y2NB 27

\ agreement is reachednd also the technical capability that they bring to the table

Australian consultant

1.3.TheCase of SMEs

In_Australia interviewees indicated thafor SMEsto embrace technology then the investment
decision needs to be there. They need not necessarily the support it, but theytodexigiven the
opportunity to engage Incentives that would work for SMHEwnust then include a level of

i ncl usi vene sl dhe pelceiied ®kentsra wpfotme process. There needs to be some
confidence that clients are really committed to the process. For example, if client groups were
looking for a particular system or software to be used across all range of their projectsthiéyen
would need to help smaller contractors and smaller organisations to have that capacity. Industry
associations can also provide support, for example, whitgjineers AustralicE@® has no specific
business support programs for SMEs, they have a special strategy for the small organisations for
accessingontinuing professional developmer@PDthrough Engineering online at a good rate.

In Sweden interviewees identifiedthat buyingup is part of the reasonbehind the trend of
consultants becoming bigger and bigg&€hey explained that this happehscauseof the large cost
associated wittbeing at the cutting edgeand havingthe expertise and skill. There are some special
kinds of casultants in Sweden that are trying to introduce BIM in smaller companies, that is,
specialists coming out from research.

SME¢dfind adapting to the changes of particular cliemtsre difficult than larger companie§ hey
have different clients and have tase different types of software and different types of processes.
ForSMEghis represents is significantchallenge [this is mostly based on the building sector]. SMEs
and smaller sulwonsultants can be part of the process if they have access to oparaferThese
allow the eager exchangeand transferof datawith small innovative SMEs g an important part

of the up-skillingof the industry.

Another interviewee expressed the view that every design company has a CAD systenandday
thereforethereisno handicapspecific tosmalerc o mpani es. From a contractor
man company who has a truck, or bigger machmevould already have GPSsystemsand

computers, otherwise theyould not be able tamperate as sulrontractors. Biger contractorsdo

not want to employ them if they dmot have this modern equipment. For example, NGGe of

Reducing the Skills Gaguly 2014 10| Page
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Sweden’ s | ar dasalwaysdadnhotal trauck drivathat were hiredonly if they had the
right equipment.Small companies must have the riglyuality equipmentin order © survive In
some instances, larger contractors have bought equipment that thage in machinesowned by
level 2 contractors (i.elarge contractorskit-out smaller contractors for specific projectspne
interviewee alsmoted that, the smallestof the SMHEs another element which needs to be lifted up
in terms of knowledge and training and competencies in working with BIM.

1.4.The Role of Knowledge Intermediaries

Technological knowledge intermediaries, aim to efficiently atedechnological knowledge
transfer by creating shortcuts between the source and the recipient technologies

(Lim & Park, 2010)

Although standards are being developed to expand the use of BIM in the construction industry, only

a fraction of the users araware of these effort{McGraw Hill, 2008)Knowledge intermediaries

play a role in education and training for indus
ability to understand, analyse and acquire knowledge from external sources. Thesmddiary

knowledge transfer services facilitate industry change by ensuring that firms have access to skills,

new knowledge and new knowledge networks as well as ensuring that firms understand the
organisational changes required to introduce new technol@prker & Hine, 2013)

These knowledge intermediaries, al so known as e
speed of diffusion and uptake of new products and services by industry. They play an active role in

the diffusion process, including: §upport in decisionmaking of whether to adopt or not; (ii) as a
specification writer or standard setter; and (i1
market Howells, 2006) Knowledge intermediaries also contribute in the development of th
organisational learning capabilities (Parker & Hine, 2013). The roles of these intermediaries include:

() coordinator: mediating technological knowledge flows when technologies belong to the same
industry; (ii) gatekeeper, absorbing technological knalgke from outer-industry technologies and

transfer it towithin-industrytechnologies; (iii) representative, diffusimgthin-industrytechnological

knowledge to external industries; (iv) consultant, mediating technological knowledge between
different techrologies in another industry; and (v) liaison or arbitrator to enhance technological
knowledge interactions between other industries when the technologies belong to different
industries (Lim & Park, 2010).

Thus, identifying these knowledge intermediaries @ccelerate technological knowledge flow and
also provides strategic insight for technology planniihgm & Park, 2010)They can facilitate
interactions between knowledge providers (including research institutions, universities and training
organisation¥ and industry, assisting the exploitation and acquisition of new technd@gsker &
Hine, 2013)

Large contractors often play a mediator role in the interface between sources of new technologies
and the institutions adopting them (e.g. clients, regulatand professional institutions). Therefore,
unless contractors acting as mediator are convinced of the merit of the new technology and have
the skills to learn, apply it in future projects, and incorporate it into the system, technology diffusion
is likdy to be slow(Miozzo & Dewick, 2002).

Reducing the Skills Gaguly 2014 11| Page
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for ourselves in Helsinki where we brought Martin Fischer and Jatas iuer for a week anc
we had a four day start up coursand now we will have up to 12 months of reporting to C

\ and then two days to finish off and hopefully all.2farticipants will received a VDC

Swedish Contractor
Professional associations can also be seen as key agents in technology diffusion since their members

may act asoundary spannerghrough their involvement, members are able to learn about new
technological developments. These types of associations aiertheir role in the dissemination of
knowledge in the industry as a key aspect of their functions. This is particularly important for SMEs
and therefore it is crucial for these firms to have significant representations in professional
associations. SMEs$and to benefit from both technological and professional development activities
which are strongly related to the adoption of new technologisvan & Newell, 1995Therefore,

when trying to increase the rate of diffusion of a particular technology teefie SMEs throughout

the infrastructure construction industry, is paramount to include professional association such as
the Civil Contractor Federation (CCF) and Engineers Australia (AE) in the strategic planning.

As mentioned in an earlier sectiorhea Australian construction industry is dominated by SMEs.
Therefore, the role of knowledge intermediaries will be particularly important in the context of
transport infrastructure delivery. SMEs face barriers to investment in new technology, particalarly i
terms of time and financial resources, given that new technologies are disruptive to business
processes and require the development of new organisational capabilities (Lange, Ottens and Taylor,
2000). In this context, the role of external knowledge imediaries in supporting SMEs to acquire

the necessary skills and capabilities to use new technologies and to assist in the adoption of new
technologies could be critical.

1. Skills¢ A Current Insight

Internationally, the UK is considered to be one of the nds leaders in BIM adoption and
implementation This isan outcome of the UK government's industry leadership in meeting the 2016
mandate to level to them for all publicly funded work (NBS 201H4g. National Building Specification
(NBS Committeeacknowedgethere is a real need in training and professional developraguit
that will increase a8IMbecomes a reality and more practices moved toward 2aeld 3 BIM.

There is much activity in Australia in this arena, including:

Public PolicyAdvice:

1T APCC’ s InvesgtimgonrBetter Outcomes through Professional Procurement Development
concludes thaimaintaining excellence in procurement is a continuous prodésss, public
clients mustsupport skills development through training and education tatinoally keep
pace with advances in procuremeitihis report highlights the links between investing in the
development of the right skills and achieving ldegn savings and efficiency gains (APCC,
2013).

Reducing the Skills Gaguly 2014 12| Page
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f Australian Institute of Architects (2010) propoghat training programs have to be tailored
to provide communication andhinking skills to suit collaborative work. This report also
highlights the importance of having a coordinated approach to developing training programs
to reduce adoption cost.

1 The Awtralian Workforce and Productivity Agency (formerly Skills Australia) explains the
need for a national approach to developing specialised skills and talents. They argue that this
will help Australia face global trends created by ICT driven productiviiytgr and
innovation in the 21 century. This report reinforces the need for a lifelong learning culture
supported by structural organisational and policy charaed highlights thatPdman capital
is the key to realising the innovative potential of QGRWPA, 2013)

1 CRC for Construction Innovation bo&ilding information modelling: Future roadmap
explains that current education systems and structures are basemaditional document
based processesThis creates an urgent need to update the curricwlaich should be
supported on a collaborative effort across education institutifisiniemi, 2009).

1 The Built Environment Industry Innovation Council (BEFGal Report to Government
stressed thdact that clients, contractors, sufontractors, designerand consultants are all
struggling to come to terms with the concept of BIM. Therefore, there is a need for
investment in knowledge transfers and curriculum change policies across VET, higher
education and the industry to support the widespread adoptib@1 century technologies
such as BIMBEIIC, 2012). Technical Report A focuses on the development of basic skills
across the workforce to capitalise on future opportunities and achieve a more productive
industry (Fien & Winfree, 2012)This reporffers a suite of areas where skill development
should be focused.

71 buildingSMART Australasia suggests that the industry and government should work together
to address six key targets including education based on a new-didiplinary approach
(Mitchell, et al., 2012).

Coordination:

1 ACIF and APCC commenced three new projects in 2014 including developméphiaof:
adoption roadmap for Project Team Integration (PTI) and Hii)Ja Procurement Models
and Application of PTI and BIM Options Guide (BIM R¥omnt Guidedetailing how to
integrate BIM into each procurement model includirgdes and responsibilities; an@i) a
draft strategy forEducation and Skills Program for PTI and BiNhdustry and client§ACIF,
2013)

 The Australian Mechanicalontractors Association (AMCA) launched BIEPYS This
initiative has a working group focused on training and education who prepared an 18 month
plan. The group isvorking with Government, universities and training organisations to
coordinate and develop range of courses targeting needs at all industry leg@&MCA,
2012)

Trainingand Awareness:

1 AIlA has offered BIM Workshops (Australian Institute of Architects, 2013a) and hosts the
BIM/IPDAYS! portal which provides access to standards, documentatieports, libraries,
presentations and Ak€onsult Australia Education Working Group Publications. (Australian
Institute of Architects, 2013b). This working group reported barriers to introducing BIM in

Reducing the Skills Gaguly 2014 13| Page
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formal education and identified 20 education princpléSuccar, et al., 2012a; 2012b;

2012c).
1 Centre for Interdisciplinary Built Environment Research (CIBER) provides a list of courses
available in 2012 across some Australia’s

shortage of skills as a key barrierBIM adoption (Brewer, et al., 2012).

1 In 2013, buildingSMART Australasia planned to start an Education Working Group that
focused on: (i) developing and delivering BIM awareness programs for government and
industry; (ii) develomg and deliveing BIM training packages; and (i#ncouragng the
inclusion of BIM in VET and professional education. However, this effort was cancelled due
to lack of resources (buildingSMART Australasia, 2013). This group has also organised
conferences and workshops -sponsored with other organisations such as Virtual Australia
and New Zealand Initiative (VANZI) and Minter Ellison.

1 NATSPEC report on BIM Education provides a brief introduction to the state of BIM
education in different countries including Australia. Théport found that although
Australian universities and TAFE institutes are starting to include BIM related cabheses
are very basic and associated to particular software platforms (Rooney, 2014). NATSPEC also
produced a 7 minute tutorial to introduceéheir BIM guidelines (NATSPEC, 2013) and
NATSPEC lieading the Certification and Accreditation Work Group for the Air Conditioning
and Mechanical Contractors' Association (AMCA) BIM*NPRRject(NATSPEC, 2014)

1 The AMCA also collaborated with A2K to develop an online course that servas as
0SAAYYSNRa 3IdzA RS (2 -NEPPAMO2Za20254aa 2F . La | yR

1 CODEBIM provides information on Bit&ated courses provided by UNISA and UTS, as well
as a library of syport material such as books and other texts for specific disciplines (i.e.
architects, owners, engineers, construction managers, etc) (CODEBIM, 2014).

1 Engineers Australia has offered BIM related webinars and seminars through Engineers
Education AustraliaJames, 2013; Engineers Australia, 2013; Kulatunge, 2013; Chater, 2013).

1 At the more local level, BrisBIM was formed as a-fayrprofit group that organises regular
meetings in Brisbane, Queensland that provide information about a range ofdétidd
topics (BrisBIM, 2014).

§  Construction and Property Services Industry Skills Council (CPSISC) has endeME&BIM
forums and their recent Environmental Scan identified BIN esrrent emerging issue. This
organisation is investigating-learning opportunites to address this trend in the future
(CPSISC, 2014).

Although this list is not at all exhaustive it does show that there has been a significant level of
activity and interest in BIM and IPD education and training in Australia. It also shows that #here ar
many organisationsurrently developing their own curricula and others trying to coordinate these
efforts. However, the sheer number of organisatiamshis spaces an indication of the fact that the
approach is sfildisjointed and uncoordinated.

1.1. A Coordinated National Approacho Fillingthe Skills Gap

As part of a national strategy, policies are needed to promote broad access to these skills and
competencies and especially the capability to learn. Such policies should ad@yessoviding
broadbased formal education; (ii) establishing incentives for firms and individuals to engage in
continuous training and likong learning; and (iii) improving the matching of labour supply and
demand in terms of skill requirement® ECD1996)
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National programs should addrefise need tore-shapethe roles and responsibilities of forming
professionals as well as te-skillthe current workforcg BEIIC 2012However, at present one of the
major challenges that formal education might face in this respect is the limited number of users with
sufficienttechnicalexpertise to serve as source of training. At an organisational level, particularly for
architecture aad engineering SMEs, staff training cost can also represent a significant challenge
Thus, firms might find that encouraging universities and TAFE institutions to train students in basic
BIM skills might be an important strategic step towards lowering miggdional training costs
(Hollenstein 2004).

Fien and Winfree (2012lmote the importance of avell coordinated and collaborative approach to
the development of priority knowledge and skii¢hen referring to SMEs specifically, public policy
initiatives aiming to increase the availability of technical and industrial competence in new
technology are of great importance to this sector, with the potential to positively impact the level of
innovation in SMEs, business capability development and commerampetiiveness (Parker,
2007)

The development ohumar? skills might be of special interest to SMEs to facilitate their growth,
most of all when involved in complex supply chains. The effect of goverrsu@ported training
programs for SMEs in this spdeas been said to be beneficial for business performance but often
rejected by smaller firms. Micro firms in particular might also lack the time and clarity over their
training needs to engage in such prograffies and Ytds, 2002) Thus, knowledge interediaries
might have key roles in the reduction of the skill gap in SMEs.

Additionally, it has also been proposed that, for mgtavernance frameworks to be successful there
is an urgent need for further and better training of public managers at the lower administrative
levels. These public managers should have a background temdperament that enables them to
mobilise and connect a plurality of actq®grensen and Torfing, 2008)

Views expressed from interviews

In_Australia there are a number of universities and TAFE institutes currently developing and
implementing BIM trainig programs in AustraliaB(ewer et al., 2012)a partial list of this is
provided in Appendix B). However, up until now there has not been a unified strategy to skill the
workforce. In terms of attempts to increase the level of information and technoldffysibn
throughout the industry, there have also been several awareness initiatives organised by
professional associations such as the Australian Institute of Architects, Consult Australia, The
Australian Institute of Building (AIB), and the Facilitiesndgement AssociatiofiBrewer et al.,
2012).

In_ Sweden the BIMAlliance has undertaken a study of BIM courses on offer at all levels in the
country and Chalmers University also is currently capturing data on all educational and vocational
educational course on offer. English overviews are not yet available. Of note however is the higher
level of reported incidents of industry@cadema training collaborations to develop skills through
industry placements. Andersson (2013) undertook a survey of BIM relassthitey in construction
courses in Swedebased on BIM objectives set by industry. The distribution of BIM courses across
discipline was significantly different between architectural and engineering courses. In architecture

3 These are skills needed work with aher people of the integrated construction team. Especially the process
modeller needs to be seHfiware, understanding and sensitive to the feelings and thoughts of others to
maintain a healthy interpersonal relationship with the rest of construction t¢hainet al., 2008)
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courses this accounted for only3% of the total number of BIM credits, whereas in bachelor of
engineering program this figure was 70%. Within the MasteArchitecture courses, BIM related
ECTS credit account of 3% of the total credits whilst in Mastef@Givaf Engineerig courses this
accounted for 9%. Further to thid&ndersson notes that 86% of these credits concern construction of
buildings whilst only 14% relate to the issue of urban planning and landscape design. Importantly
only 1% of ECScase credits consider matters of busésestrategy in relation to implementation of
BIM.

1.2 BuildingBusiness Capability Beyond Skills Development

Business capability development provides firms with the ability to create, develop and
modify intangible assets such as skills and knowledge

(Smedlund, 2006)

Firms require such capability to learn or absorb knowledge from the external environment in order
to gain benefit from, for example, new technologigllenstein, 2004Songer, et al. (2001) suggest
that firms need to develop a businessodel that fully integrates the capability to use new
information technologies as a transformation tool to both recognise the impact on the organisation,
and to make it possible to quickly integrate these changes throughout the organisation.

The use of IPOvith BIM/VDC requires an array of changes including: (i) using 3D visualisation
capabilities to communicate with all stakeholders; (i) using BIM/VDC on the jobsite to guide
construction activities; (iii) investing more time in the design phase and ie®ss documenting,
among others(McGraw Hill, 2008)and (iv) highly involved teams with high level communication
and technical skillAIA, 2010)

Views expressed from interviews

In_Australia eleven interviews undertaken in 2013 revealed that there needsbé wider
acknowledgement and understanding of the skilling that is required, and that this involves a change
in mind-set along with skillsThere is an apparent need for further alignment between industry and
traditional educational providers as to reged skills (including need for collaboration skills).

Alternate delivery methods need to be further investigated to facilitate learning pathways (especially
for SMEs). Universities are positively responding to optional pathways through: development of
Masters courses or delivery through skills agencies and industry associations. This may help to
overcome difficulties and time lags in updating curriculum in professionally accredited courses. TAFE
has been very active in this space recerglpviding cairses in digital building.

In addition, industry associations should be (and in some instances are) formulating planskit up
their members. For example Engineering Education AustrglZ2EA) provides professional
development for the whole range of emmgering sectors and construction including a recent
graduate program for engineers around communications, collaboration, team work; aades of

short webinars sessions on BIM including international guest speakers being hosted by the Victoria
division(James, 2013; Engineers Australia, 2013; Kulatunge, 2013; Chater, 2013)

There was also acknowledgement that a composite approach to training may be most appropriate
including: training courseand workshops; mentoring, coaching, and sharing ideas with colleagues;
and then actually doing it and experiencing it.

4 http://www.eeaust.com.au/
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A cocontribution/co-investment model tends tde more effectivein the project management
engineering/senior sitesupervisor typespace, where this new technology would more likely reside.
Oneinterviewee highlighted that thepeedto justify your training investment as being relevant to
the enterprise and what the enterprise does, so flexibiktyeeded

APCC 2013) identify a sigificant return on investment from training and development. They
propose that if20% of payroll cost is invested in professional development and this investment
delivers a 1% savings, then the netwn investment will be 2,500%

In SwedenVinnova is financing a national group of representatives from the Swedish construction
industry (including clients, contractors, and university research&rsgjevelop recommendations
around BIM competencies required for the next 5, 7, 10, 15 years. In addhie®©penBIM (now

the BIM Alliance) progranwas a valuable external entry point for linkages between industry and
educational institutions.

Trafikverket havets own internal education program, and provilseminars to inform industry
about BIM Thesédnclude dissemination of information abotlhe benefitsof BIMfor both smalland
large scale infrastructurgprojects Other companies pay for employees to attend external classes.
However, theprimary skilllequiredremains constructionknowledge.

Companies aa provide internal (or external) training in BIM, whereas other skills such as the right
attitude, an ability to liaise with clients, and training in problem solving and creativity is not
considered something that companies agood at teaching For exampm@ one contractor
interviewed has links to several universities, SBUF, Stanford via CIFE, and recently arrariged a V
Design and Construction ) certificate course for 29 people. This included a spemigweek
sessionn Helsinki with Martin Fiscleand John Kunes (CIFE) (four day start up course) which is now
being followed by up to 12 months of reporting to CIFE, with a two day completion session, from
whichparticipants will receive a VDC certificate.

Overall the industry is being well served by universities, for example Qirdmers Luleaand KTH
provide courses in this argq@ee Appendix C fanore information. It doeshowever take time to
change courses in oumiversities. But now, for instancBIM and VDGre being integrated into
Masters levelcourses at Swedishniversiies. The aim is to organise this education through a
collaborative network of Swedish Built Environment universities as eadversity istoo small
actually to start developig new courses.

Through this network of Swedish Built Environment universities we try to organize
education, because we see each of us is too small actually to start developing new ci
{2 6S YSSR {Therdarelt tinlvarsiidslthat Saxthese kinds of Masters
students and Civil engineering

Swedish University Professo

Sweden also has a lotgrm tradition of PhD students going into senior levels of technology
development in industry. This started in the 1980s, wtireSwedish National Construction Industry

5VINNOVA-S w e d &aoversmental Agency for Innovation Systerhstp://www.vinnova.se/en/

6 http://www.bimalliance.se/about_bim_alliance
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R&D Organisatio(SBUF)started. Thereare also adjuncprofessorghat work in bothacademiaand
industry.

Contractors such as NCC are involved in many different ways in the work ohitrersities This
contractar has industrial PhD students, adjunct professarsd members of education boards
working on BIM. NCC also provides working positions to Mastadentsto do their thesisor
diploma work.This a&tivity at Master and PhD levhbweverreflectsthe fact tha this is still an area
of improvement

2. KnowledgeDissemination andJptake

Views expressed from interviews

In Australia interviewees observed very powerful push for endorsement fro@onstruction Skills
Queensland (CSQ), Engineers Australia, Civil Contractors Federation (CCF) and major contractors
towards increasing productivity in the industryhis can be realiseéd part through amore skilled

labour force andyovernmentendorsemen. This is more about providing thmanageriallevels of

the workforce with skills to improve productivity rather than labour market and
apprenticeshiptraineeship programs. This approach is considered to create a pull as opposed to
trying to push by brinigg ina significantly larger cohort at a much lower skill level.

In part, it is expected to ba trickledown effect from major to midize projects once the technology
becomes more main streanThis wouldead toa more widespread uptake, with significaytmore
technology being embraced than ever before (i.e. continuous business improvement model). Future
investments and whether new technology will be integrated is a business decision considered on a
regular basislt also requiresa schedulefor adoptionso that contractors camplan to includeit in

their investment pipeline. If this adoption could be considere®R&Pfor tax purposesor business
support for mediumsized enterprises this would potentially lead to greater uptake.

Asan emerging technologyrganisations such as CSQ would need a trigger to embrace BIM training
more fully, such as industry saying *“

we are bei

I

very little skill s bas elarlhiether wdreogoverement bgereiestwno s u p p ¢

decide to use BIM, then professional organisations such as CCF and EEA would probably try to pool
resources and develop a collective focus. Their role being more one of support or endorsement once
an agreement iseached They would dso provide technical capability for development of skills and
training, and how to effectively manadmth thetechnology and documentation side of BIM uptake.

More initiatives such a€ollaborate ANZare therefore needed. This orgiation has served as

forum for some of thelargestindustry participantgo discussthe state of the industry and share

their experiences

It wasfound that althoughnot everyone is a member of those organisatiohaving professional
organisations endse the movemenprovidesmore exposureand awarenessThis is important to
the extent they on the same page in terms of what they want BIM to lik@k(such as a road map)
and with the potential is to reach significantly more people. Coupled with tiés is the need for
organisations such aStandards Australia to develop standard forms of contract and the like.

7 SBUF wasnstituted in 1983,and is the construction industry's own organization for research and
development of almost 5,000 member companies in Sweddgtp://www.sbuf.se/sa/node.asp?node=3

8 http://collaborate-anz.com/main/
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Professional associations such as CCF and EA could influence the uptake of more collaborative
models and new technologies.

Examples of indugy association activities are: (i) to assist members with information on contracts,
now that contracts will be impacted by the use of BIM; (ii) Engineers Australia is working to review
and start writing the practice notes to inform their members.

We rormally go after people that have some experience. And then if they don't have mu
send them off to external training that gives them the basics and then we do some in hause
on the job training as they go. We found that the external training is gogetstarted but
F FGSNI a2YS2yS KIFa 6SSy (2 GKS SEGSNYIFt |[iNFAYAY

\ need a lot more than that

Australian ©nsultant

In Swedenthe coordination and uptake of BIM in the construction sector in Sweden is, ioaal br
sense led by the client, but in a specific sense leading consultants and theipissitants also

hawe a role. Many companies stated they are using BIM but they use it only in limited aspects of
particular elementsBut now slowly we can see that theeis an uptake and that people are getting

more interested in “how do we train our employe
we | | which is an i rapa®lotbfdnitiatives Hifeererd mitiaves ad viel. Aral
they are working very hard, but it’s a bit sl c

understanding of all the different elements. There are a number of policies coming in 2014, and
several goups are coming up with guidelines and a possible set of standardised ways of dealing with
BIM.

Trafikveket have set up a good programealing with good projectahich arenow integrating BIM,

but development is slowThey also distribute outcomes for mdustry learning,including BIM

requiremens and informationquality. Findngs are disseminated through seminars, publications,

and the internet. Small webased questionnaires are being undertaken with Trafikverket asking

t hem “ di d mepdelingirutshee 3pr esent ati on” , “did you get &
the project and greater value than you might normally'get Th ey die@duced that t hel
intangible, and soft, value to the use of BIMhis does not includednonetary values against

objective process improvement measuremertiswever On example is theStockholm Bypass
project,wherethe client and industry are working togethinplementing BIM

There arealsonationaland European programs, with mangmpanies engaged with OpenBlhe

extent of industry adoption however is not cledfor example:SBUF have been successful in
beginring to support industry uptake; ithe recent years, Vinnova has been more dedicated to
seeing the uptake of BIM and the innovations aspeat &isthe corstruction industry;SWECO has a
team of seven people dedicadeto spread knowedge and to pick up knowledg&kanska run
seminars, workshops, make formal publications and make it available on the website for industry
learning to the indstry beyond their gganisation (whilst notrevealng too much of their
commercial confidentialities in these case studtiemnd inPoland, Germany and the Czech Republic
public talks are rund talk about different projec fromdifferent countries.
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We (contractor) are engaging the consultants and then trying to up skill our guys through
SELR&adz2NB G2 G(KS O2yadzZ GlFydax yR Ydgskihya GKS 7T
themselves

Australian Contractor

3. Recommendations

Thus, it is necessary that senior decision makers in the built environment industry and
associated higher education sectors develop the capacities to:

w !GAONFOG YR GNIAY LIS2LX S a{1AfftSR Ay O2ftlo2
w -en§ineer traditional industry roles to enable Integrated Project Delivery with

seamless iteration between innovation, design, fabrication, delivery and assembly.

w auj8st accreditation to be in line with-sngineered industry roles and skills

w 9dAL) Ot ASyiaz RSAAIYSNESEX O2yiaGNI OG2NARZ GNIF
high level of skills in the using, integrating technologies.

w { dzLJLJ2 NI & Yusindssedit@ rekM Sréukdda¥w industry practices, so they

can embrace change and prosper from it.

w LRSyGATe OFNBSN LI GKa FyR @OSKAOf Sa T2NJ
w !X e SySNHe STFAOASYyO& YR NBtIFGSR aia
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This approachhas been reinforced by the findings of this current reseaBdsed on the review of
literature and industry documentation, and analysis of interviewee findings, issues for consideration
in developing a strategic approach to skilling (whether nationaliesor organisatiorbased) that
addresses the three tiers and thieree types of skills needed (i.eeachnical, human and conceptjal
including:

1 A reed forbetter coordinationacross knowledge providerand industry support for initiatives
such as the APCACIF education and skills projethe team recognised that this approach is
problematic due to the current market driven approach to education and training at both
tertiary and professional levels.

1 Recognising the significant benefits sfronger linksbetween industry and academigor
example Swedish students often served placements in industry and industry staff were often
involved in education).

1 Developing support systems for capability development by Sitiesas that employed by some
state agencie where contractors receive training when new processes are being adopted for
project delivery.

1 These recommendations then need to be integrated as a part of¢h@f milestonegproposed
in the accompanying documeifiiowards a National Strateg¥ducatioal and training providers
need to engage with such an ongoing collaborative effort to-fimee and focus training and
courses which are available at undergraduate, ggrsiduate and professional levels.

1 A strategy is also proposed fdisseminatingresearch findings to upgrade skiélsross a three
tier hierarchy of decisiomakers, that is, government decisiomakers, midevel strategic
decisionmakers, and those involved in project and program delivery

These recommendations need toe integratedas a part of a series of proposed milestones
proposed in theaccompanying documenfowards aNational Strategy(Figure3). Educational and
training poviders need to engage with such an ongoing collaborative effort in order to continue to

Reducing the Skills Gaguly 2014 20| Page



4

Sustainable

Built Environment
National Research Centre

fine-tune and focus training and courses which are available at undergraduategpoktate and
professional levels.
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As part of the development of #se milestones Dissemination avenuesvere also consideretb
address theskills gapat the various layers of decisianaking This researclproposes a three tiered
dissemination strategy for research findings to build understanding of BIM, IPD and the requisite
skills upgrade required within the industry. This hierarchy may also be useful in terms of the design
of courses to ugskill people oWvarious levels of decisiamaking.

4 )

\ /
1N _ _

CASNI M || ¢ASNI n || Tier3

D2OSNY YSYIUaAaRSHSt || Project & Program

5SOA &N 2 ENA {UNFGS3IAQ Delivery
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Commonwealth and Government program .
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5. Appendix Ag Interview Responses
In some cases these have been paraphrased to assist with clarity.

5.1.Skills

5.1.1. Australia
Demand:

1 There needs tbe some acknowledgement of the requirement of the skill [for] the workforce to
embrace it.

T ¢KSNBEQftf RSTAYA i $ou Beedidgetlinforntiari flowing tBrdughfopeylya S
and that will require some sort of mind change in the way they dpera

f / KFyaS oNBIldzANBROUX AGQa Y2NB 2F I YAYRaSa I yR
GKAOK Aa UGUKS A&aadszsSX

T AdQa 2dzad F YFGGSNI 2F 3ISGdAay3a GKS AyRdzaGNE (NI
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9 If Consult Australia felt that it was appropriate to shout about It, train people, (and) guide the

nation then we (contractors) would fall in line with those...

1 Professional associations are being a slightly more active recently due to pressure from their
membership

TAFE and UniversifApproaches

T L dKAY]l] GKSNXQa | NBalLkRyaioAfAide G2 X 6KS SR
So we (contractors) should be telling the education institutions more vocally about what we think
theskilsofi KS FdzidzNB GKIFIG 6S ySSR | NBX

1 Think new university courses that force collaboration between engineers, architects and other
careers could help in creating a more skilled or creating that capability

f 2SQNB LI NIYSNARY3I gAlK dzyrespoddehas BekrSad ovénghel@ihgh y O2 Y
to: contribute specialist expertise from within universities; and access the specialist expertise
from other universities and from industry people. The universities are very excited that we will be
having a neutral platfom where (with information) available to all of their students.

1 (Some) universities are more reluctant to get on board and change their curriculum, with the
view that if they put in digital modelling then they need to eliminate something else in the
curriaulum; also because this is a rapidly changing field.

1 TAFE has been very active in this space recently providing courses in digital building.

T aleoS Al g2dA R Ffaz2 YIS Y2NB aSyasS F2NJ dzy A SN
to apply for a Magtrs in Arts for example, you need to prove you have the skills needed to use
digital modelling and have carried out maybe a TAFE course on this.

Industrylead Approach

 '3a20A1GA2y&a &aK2dzZ R 6S F2NXNdzZ F Ay 3 uniiyforyd G2 dzL
them to engage with their members and make money.

1 Engineering Education AustraliE&EA) has been in existence for 23 years providing professional
development for the whole range of engineering sectors and construction. EEA is launching a
major2 Yt AyS AYAGAFGAOSd® 2SQONB (GNBAYy3I G2 oOoNARAy3d (2
opportunities that are available through us and through Engineers Australia into one portal. EEA
run a graduate program for engineers and they value the communicatiolfsharation, team
G2N] X ¢KS +AO002NAI RAGAAAZ2Y w2F 99! 8 INB R2Ay3
having some international guest speakers.

Mixed-mode Approaches

1 28 2dAad KI@S (G2 LINROARS f20(a 2§thdughiakteya | YR (K
Y2YSyGdod {2 A0GQa FAYRAYy3A 2dzi ¢KIFG GKS aijAtta 3t
650l dzas 22dz 1y26 AdGQa 2d&ad | GSNBE FAOLES aAddz

f  We are upskilling 340 engineers across the glelieK S& Q@S |t f 06SSnng3IABdSy |
course.

9 http://www.eeaust.com.au/

Reducing the Skills Gaguly 2014 28| Page



Sustailnable

Built Environment

. National Research Centre

1 We normally go after people that have some experieAcel then if they don't have much we
send them off to external training that gives them the basics and then we do some in house on

the job training as they go. We found that the externaliniing is good to get started but after

a2YS2yS KIFa 0SSy G2 GKS SEGSNYyLFt GNIAYyAYy3ad &2dz

lot more than that.

1 1'work on the 10/20/70 per cent framing of this: 10 per cent of what we get in terms of capability

iy GKS GNFAYAy3d O2dNESAE yR SRdOFdGA2Y FYR 62NJ &

Quickly lose it. 20 per cent would come from mentoring, coaching, sharing ideas with people but
the big 70 per cent of capability comes from actually doingfiedencing it.

f ¢KSNBQa y20 | adzZFFAOASY(U &dzlll)X e 2F LIS2LIX S aiAf

(contractor) are engaging the consultants and then trying to up skill our guys through exposure
G2 GKS O2yadz (!l y i asavaillafi®andHelping gis up il thefnbedst A G A S

5.1.2. Sweden

1 Vinnova financing a group at a national level from the Swedish construction industry (i.e.) the

Ot ASyilas (GKS O2y(iNXOG2NERI AlQa (GKS dzy A BSNEA G,

requiredfor the next 5, 7, 10, 15 years.

1 The openBIM program is a very useful external entry point for linkages between industry and
educational institutions

IndustryRelated

9 Trafikverket have an internal education program, and seminars to inform us (indaistny)
how BIM, the benefits of BIM in house building and in infrastructure building.

1 They (employees) have to start to learn CADD as a platform to be able to go to the next level

(2 dz&S .LaX &2 IINB &2dz (NIAYAY3I m&KBsmey (KS

companies, and pay their classes.

1 We want someone with construction knowledge first and foremost because we believe we
can teach them the VDC tools or BIMtoolslzi 2 F O2dzNBRS A GQa 3IANBI
some knowledge of BIM before erteg our company.

T ¢KSNBEQA Y2NB 2N fSaa Sy2dAK O2YAy3a 2dzi 27
people and the right attitudes, particularly as they try to make an impact on clients.

T oL6 GKAYy]1l AGQ& 0S4 GS Nrolind, wikhltrérfing in prébRrdzapiRingii K S 2 NB |

than knowing how to use the latest computer program. Companies can do internal training
for that, but problem solving and thinking and creativeness is not something that companies
are good at teaching.

UniversityRdated:

1 Overall the industry is being well served by universities, for exampleChi#mers Lulea, or
in KTH

T 2SS 002y UNXOG2NY fAY]1SR (2 aSOSNIft dzyAOSNBAGA!
ago we arranged an VDC certificate course for29 SeopX ¢S | Ol dzZ £ £ @8 | NNJ y 3

edition for ourselves in Helsinki where we brought Martin Fischer and John Kunes over for a
week and we had a four day start up coursed now we will have up to 12 months of
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reporting to CIFE and then two days to finigf and hopefully all 29 paa'r?{g:?paﬁ?se%\rn F entre

received a VDC certificate.

It takes some time to change courses in our Universities. But we are seeing that, for instance
BIM and VDC is getting implanted in university courses for our Masters students now.

Through this network of Swedish Built Environment universities we try to organize education,
because we see each of us is too small actually to start developing new courses. So we need

G2 O2fftF 02N GSX ¢KAA A& n dzy A @SnsBidCiviSa GKI G |
SY3aAySSNRy3IX

“

LGQa F f2y3SNI GSNY GNIRAGAZ2Y ot K5a& 3A2Ay3 Ayl
LYRdzaGNEB6® LG adGFNISR Ay GKS mMopynaz gKSy {.!
way, actually to adjunct people from ugigity into industry. We have some PhD people

working at university Lulea and they work at NCC.

(

¢CKSNBQa | f2G 2F O02YYdzyAOFlA2y 06SGoSSysx F2NJ !
in the work of the Universities. We have industrial PhD studenjishetdprofessors,

members in these educations boards working on this, and also having a lot of students

working for NCC doing their Masters Theses, or diploma work.

L dKAY]l GKS fS@Sf FT2NJ GKA& A& LINRPolofe al aidsSl
development still to be done. But of course you have to have some designers in lower levels

as well and they can maybe be lower than Masters or even High school.

5.2.KnowledgeDisseminationand Uptake

Uptake

T

5.2.1. Australia

A very powerful push for endorsement from CSQ, Engineers Australia, CCF and major

O2y (NI Ol2NEX (GKS@QNX Iff Ay (GUKS odzarAySaa 2F |
OSNIFAYyfe (KSe ¢g2dz R adzlILI2NI X LiQa wilkeS KA IKS]
0KS 1Sé& (2 LINPRdAzOGAQGAGE SYKFIyOSYSylo ¢KIFG A
F LILINBYGAOSEAKALI NI AYSSAKALI LINPAINI Yas AGQa Y21
workforce, the skills to improve productivity which creates the pupassed to trying to

LJdza K 6& ONRARY3IAYy3I Ay aAIYAFAOLyGfte fFNASN 02K;

Inevitably there will be a trickledown effect from major to faize projects once the
technology becomes more main stream, then we will need torace it.

This organisation embraces significantly more technology now than it eveefdick (i.e.

continuous business improvement model). #éeide on future investments and whether

new technology will be integrated adasiness decisiononaregulasis.l t * s | mport ant
to have a *schedule’”™ for adoption so contracHt

If it could tick the R&D box or if it could tick the business support box for medium sized
enterprises such as mine it would probably embréice

KnowledgeDissemination

1

Construction Skills Queensland (C8QId support the concept that this is an emerging
technology that the industry would do very well to embrace but it would need a trigger. It
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62df R ySSR GKS Ay Rdza (bbliiy askel tomaacatse nawk &7 (v 66
G§SOKy2t238 |yR GKSNBE A& OSNE fAGGES aijAaftta ol

T ,2dzQ@S 324G G2 GF1S FYyR t€tSIENYy FTNRY GKS ' { SEL
Ft29 2y STFSOGXD { 2Y SabkmoreipidBesdivylikedldrmya | NB LINE
hQw2dzN] Sa o

1 If there were government agencies who decide to use BIM, then professional organisations
such as CCF and EEA would probably try to pool resources and develop a bit of a collective on
this and see how [they]canl { S ¢ KI i wiKSe8 1y2¢ YR gKIG i
2YXECKSANI NRPfS &aK2dzZ R 6S Y2NB 2F &dzLJLIR2 NI 2NJ S\
also the technical capability that they bring to the table.

T w2tS 2F GKS&S 2NHEI yA a leftedtizely managX techrOldgyzside of @ S 2y |
and the document side of it.

1 We are doing presentations within the organisation to promote BIM as being one of the key
enablers for business.

SkillsDelivery
1 A cocontribution/co-investment model tends to worknore in that project management

engineering/senior sitesupervisor type space, where this new technology would more likely
reside.. One has to justify your training inv:
what the enterprise does, so you need iadf flexibility around it.

Role ofindustry Organisations Knowledge Dissemination

T

The problem is that not everyone that you want to get this to, is a member of those

organisations (i.e. EA and APESMA). Several different media that they could wsejlgou

capitalise on in Engineers Australia and other industry bodies (including APESMA).

Professional organisatiort®uld have a role [in skilling the labour force]; or in a rollout of

the benefits that would be in the very first instangelaving professinal organisations

SYR2NBES (KS Y20SYSyie YSIya Y2NB SELRAaAdINBE | y|
L3S Ay GSN¥a 2F gKIFG GKSe glyd .La G2 t221
NBI OKAy3 R2dz;f S (Ro&s Alsizdiia & Who@vdmidhtde AustralianX

aldl yRINRa | Oldzftte KIFIDGS aAdGFyRFENR F2NX O2y i NI
Professional associatior@ y LJdza K G KS ARSI GKNRJZAK® { I 8Ay3
daK2dz R 0SS LlzAKAY3 F2NE® . SOl dzdaS AlGQ&Ese20 DA 2 dzi
GKFGO odzi AGQa Y2NB fA1S 3IdZARFIYOS Ay GKFG aSy:
Collaborate ANZwhich has got some of the big players that come together to talk about

GgKIFEG A& 3I2Ay3 2y 2dzi GKSNBX 2y GKS adNBSdasz :
Professional associations suati CCF and EA could influence the uptake of more

collaborative models and new technologies.

Therewould be a big benefit if theprofessional associationaksisted their members with
information on contracts, now that contracts will be impacted byuke of BIM and BIM
systems.

10 http://collaborate-anz.com/main/
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SRAG2NI G2 NBOASSG yR ad0FNI oNARGAY3T GKS LINIF O,

Maybe their role is in dissemination and bringingtthrdormation down to a more practical
sense of the benefits and uses of BIM for their membership. So not so much in the skilling
but in informing their members and education at that level.

5.2.2. Sweden

Coordination and Uptake

T

In the Stockholm bypasswhere Ifvor Y2 a i f &8 A 0GK GKS O2yadNHzOGA2Yy
fond of looking into BIM. In other parts of industry, in the electronic, mechanical industry

iKS2 Q@S 02YS + 20 FdzNIKSNJ

So the coordination and uptake of BIM in the construction sector is, in a Iseae, led by

the client but in a specific sense, led by leading consultants, like his firntoBghltants
also have a role, but the primary consultant takes the lead.

You can say that SBUF is the contractors and construction industry on frotiiegrithve
been very successful in the beginning to support industry uptake.

SBUF and Vinnovaou need a 50% industry comparthis sort of mechanism has made

these kinds of implementation projects are what you can say more industry related projects,
because we have SBUF, we do that.

CKSNBEQa 20 2F RAFTFSNISNEA KA NRIZO HOB A R GIQER | i
Sweden because they have to get a clear understanding of all the different elements. There

are a number of policies coming in 2014, that is, a number of groups are coming up with a

set of guidelines and a set of possitigndardised ways of dealing with BIM.

Many companies stated they are using BIM but they use it only in limited aspects of

particular elementsBut now slowly we can see that there is an uptake and that people are

ASGAOAY 3 Y2NB Ay (S NBuiempleyeesyHow do dvaslooRigto ¢ S O NI

LINE OdzNBYSyd |aLlsSoda ra ¢Sttt gKAOK Aa Fy AYLRI
GAYS (KFy GKS 20KSNJ O2dzyiNARS&AX AdGQa | oAl 27

Results that are needed for their business, and so the rdsaiging currently | think, but

we see, especially larger consultancy firms and contractors, have developed a real set of BIM
NEflIGSR FHOGAGAGASE GKIFIG FAG 6AGK GKSANI O2 YL\
We have a lot to do before we have acomfleta @ a 1 SY GKI G Ay Of dzRSa yz2i
l'YR gKeéK .SO0lFdsaS L OFry aSSsS K2g ¢S Oly dzaS GK!
really. | work a lot with Trafikverket for the road and railroad and they set up a good

LINE AN Y X ¢ y Rwith soieSgdod BheP prafests rovik tifafithey try to put in

BIM, but it goes very slowly.

Dissemination

1

Trafi kverket distr i nordeets ledrnehaw ton(doritgnexttime (foi n d u s t |
example we might) say we have a bridge here and you taoefedfil BIM requirements and

Ffa2 GKS ljdzatAde 2F GKS Ay TF2N)NI (thr@ugh YR a2 2\
ASYAYINRZ Llzof AOFGA2yas FyYyR 2y (GKS AYyGSNYySiX
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competitive. We talk to them, we help them aheffine (outputs) so [t\#]ae';%%n r?a?(%rt?me? erye/

know that we are good to work with.

T 62S LINLAOALIGS Ay YSSGAy3da oAGK O2fft Sl 3dzSa
and talk with others all over the world. They invite some people to talk about differen
projects,to get a taste of what we do in differenbuntries

1 (Contractor) runs seminars, workshops, makes formal publications and make it available on
the website for industry learning to the industry beyond (our company), while not revealing
too muchof their commercial confidentialities in these case studies.

1 (Consultancy firm) has set up are some smalldvaked questionnaires with Trafikverket
people as they go from meeting to meeting wiHt

modelinginthepesent ation”; “did you get any increa:
greater valwue than you might normally get”.
and soft, value to the use of BIM. Baet they ¢

process improvement measurements.

f ¢KSNBQa | f20G 2F O2YLI yASa FNRY (GKS AyRdzldNE
much of the output is actually adopted by the industry.

T 2KFG 6S NS R2Ay3 AYyUSNYylrftfe Aa niassivdipush SQNB f
on education for all our sales managers are going to be receiving educatidn andK A y'{ G K
an important thing to illustrate what BIM is all about.

9 There are national programs, then we have the European programs as well... the Framework
program that many of the Swedish Universities have been a part of. They have also had
constructionrelated research, big framework programs.

T LdQa y23G a2 FINIFgleée GKFG AdG o¢x0 gl a (o2 | dz
One forrail, andonefdB  RX YR y2g (KSNBQa I Oldzatte 2yS)
2NBIFYyATFGA2ya GKFG KFE@GS 06SSy Lizi (23SGKSNJ a2
cultures that need to be sort of unified. That takes time. (Now internalising the mandate
from the government to have greater efficiency and delivering more road or rail for the
dollars).

1 (Contractor) has a team of seven people who are dedicatespptead knowledge and to pick
up knowledge.

T LQ@S 0602y iNX OG2NL R2YS &2Y SndiBvwofkwikih& LINR 2SO
Swedish Transport Administratiffrafikverket]actually driving this development

5.3.SMEs

5.3.1. Australia

Il ncentives that would wor k f ornd$h&feseivedaokdnienv e | of
of the process... there needs to be again some confidence that we [the client] are really committed
to the process as opposed to “we are obliged to
If small to medium enterprisesant to embrace that technology then the investment decision needs
to be there.. they need not necessarily the suppc
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If client groups were looking for that system or that software to be used acrosmng# of their
projects then they would need to help smaller contractors and smaller organisations to have that

OF LJ OAGeX

Whiles ma | | contractors don’t have enough people f
department.

Some of the smaller compi@s may not be able to afford some of this high tech equipment... So
d42YSK2g 6S ySSR (2 KI@SX Y2NB FA{GSNBR R246y OSNE
Large contractors tend to do internal«pk i | i ng of their workforce thr
this is a limitation for SMEs because in an SME all you would need is a single person who knows
about BIM and the major software tools used that couldtde training for that company. Because

the only way you learn how to use BIM is by doing it.

EEA is looking to target smaller organisations for our Engineering online. We have a special strategy

for the small organisations for accessing CPD through Emgiy online in a good, at a good

NI GSopeKSe OFydd FTFF2NR 2F0Sy (GKS Yz2zySeé | yR Sal
Australian Human Resources Institute AHRI about two months ago and they were having a national

wide campaign for small business lwman resource issues which obviously are really huge for small
odzaiySaa LIS2LXS +ta ¢Stfd 2SQOQNBE K2LIAY3A gAGK 9y 3AA
extra support.One of the other things is the regional, regional comparmBesthere is notling [no

business support programs for SMEggcific to Engineers Australia

5.3.2. Sweden
{a9ad O2dzZ R 0SS O2yadzZ ilyidia 2N a2Fié6l NS RSGSt 2 LISNE
SMEs and smallerssbonsul t ants can clearly be partnof the

formats for ease of exchange, of data transfer, and file formats. So small innovative SMEs can be an
important part of the industry up skilling.

There is definitely still room for innovative, small, expert firms that work to global standards and
open BIM but be aware of the information overload across the lifecycle of facilities
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this expertise and skill. There are some special kinds of consultants in Sweden that are actually trying

to introduce BIM in smaller companies, thatsigecialists coming out from research

Every design company has a CAD systerh @ &2 (GKSNBEQa y2 RAFFSNBYyOS
companies or big companies at all. And we see at the contractor side, normally they can, a one man
company who has a truck, or bigger machine, they have all GPS and computers today, otherwise they
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this modern equipment. For example, the big contractor NCC always had local truck drivers from the

local towns, and they took them on board only if they had thktrequipment. So | think to survive

for the small companies, they must have the right quality equipment.
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machines on the level 2 contractors (agge contrat or s “ ki t out” smaller co
projects).

Especially the medium sized and smaller sized companies have much more difficulty with adapting to
the changes of particular client3hey have different clients and have to use different types of
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software and different types of process€s2 NJ a Y I f
[this is mostly based on the building sector].

The other aspect is the very small or companies the SME companies | think there would also be
another elemen which also needs to be lifted up in terms of knowledge and training and
competencies in working with BIM.

The Swedish Construction Federatib{Bl) isan alliance between the clients and the uni@thelps
members to have a system for quality, aid A yf @ AGQa F2NJ GKS avYlffSN O2

11

http://translate.google.com.au/translate?hl=en&sl=sv&u=http://www.sverigesbyggindustrier.se/&prev=/searc
h%3Fg%3DBI%2B(Sveriges%aBBgustrier%26biw%3D1680%26bih%3D955
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6. Appendix B¢ SomeTraining/Education Options

This is not a comprehensive list. Sources include Brewer at al. (2012), and a recertbgestarch.

Australiawide: NATSPEC Professional Development and Contindingaion Seminaf$ — Getting
Started with BIM, The NATSPEC BIM Protocol.

New South Wales

UNSW: Computer Aided DesigBENV1242; Building Information ModellinBENV2425; Advanced
Techniques using BIMBENV2421 & BENV7148

UTS: Digital Design and Coostion 1 (introduction to BIM)} UG16212; Digital Design and
Construction- UG216470; Digital Built EnvironmentG16137; Digital Design and Construction 2
UG16470; Design Team ManagementUG16263; Procurement and Contract Management
UG16423; Time ahQuality Management UG16913; Cost Management 1: Measurement (also CM2
& CM3) - 16105; Architectural Design: Computational EnvironmertsPG11516; Architectural
Communications: Advanced Modelling Software PG11316; and Human Resources and
Communicationdanagement UG16914).

Queensland

QUT: Introduction to CollaboratiorBEB210; Advanced CollaboratidBEB212; BEN 910: Integrated
Project for MSc Project Management; and | think they were talking about having some more courses
under the creative indstries banner/

South Australia

UniSA: Architectural Practice Management (ARCH 5034); Managing Resources BIM (INFS 5076); Civil
Engineering Practice (CIVE 2009 & ENR203); Masters by Research Geoinformatics (Dr Nicholas
Chileshe).

CITBBuilding Information Modelling

TAFESA: Introduction to Revit Architectufroduce and Present 3D Models of SHsalale Building
Designs

Western Australia

Curtin University: Building Information Modelling (CME2865nd We should ask Xiangyu what
other courses there are.

UWA: Integrated Design Bachelor in Science Major
Central Institute of Technology: Revit 2014 Essentials for Architecture (V0816)

Masters ty Research in BIMre also offered including those byiangyu Wang at Curtin University;
Nicholas Chileshe at UniSA; Robin Drogemuller at QUT; Julie Jupp at UTS ; and Jim Steel at UQ . There
is also a proposed Masters through Curtin in partnership wittustry, with the first two master

students to commence in Semester 2, 2014.

Private sector:

2 www.natspec.com.au
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IMAGINIT: Revit and BIM for Facilities Managemeatitodesk Revit Coanaboratlon Tools; BIM
Workflow for Roads and Highways Using the Autodesk Portfolio; Autobiésastructure Design
Suite BIM Workflow for Roads and Highways; Autodesk Revit Architecture Fundamentals; Autodesk
Revit Architecture Conceptual Design & Visualization; Revit Overview for High School Teachers;
Autodesk Revit MEP Fundamentals; AutodeskitRStructure Advanced; Autodesk Revit Structure
Fundamentals; PiTStop: Revilvorking with Topography in Revit; PiTStop: Revit MEP: Creating MEP
Families; Autodesk Revit for Project Managers; Autodesk Revit BIM Management: Template and
Family CreationAutodesk Revit Architecture Site and Structural Design.

!

A2K: Revit Fundamentals, Revit Intermediate and Advanced Series.

International:

UK http://www. findamasters.com/search/courses.aspx?Keywords=building+information+modelling

Sweden

1 Chalmers University courses include:

0 Masters in conjunction with NGGtudents work at the designing firm but get support from
academic experts until they submit a thesind are cdunded by the State and the
organisation

o BIM for Clients

0 MSc Design Management including BIM and IPD

o0 Swedish vocational course, primarily for clients and property managers since they lack in
Sweden the knowledge concerning BIM. This courpesisented from construction master's
perspective to provide knowledge on how to plan, design and procuretkmg
management using BIM. The course includes discussions, exercises and examples to provide
knowledge of BIM as a step towards introducing tbel in the long term development and
management of the propertied.he aim is that for three days, two modules introduce how
to control, standardize and develop the necessary information to make the right decisions
concerning the design, energy soluticarsd maintenance of property. Emphasis is placed on
the work situation, but the program also aims to link the program phase and management
phase to give the opportunity to get a complete picture of a property's life cybimugh
project work and present&bn of its own case, you are given the opportunity to take the
step to develop your own and your company's way of working with the support of teachers,
guest speakers and other participanthe program provides theoretical and practical
knowledge of how B/ tool can be used in the development and management of
properties.

7. Appendix G Acronyms
ABCB Australian Building Codes Board

ABSDO Accreditation Board for Standards Development Organisations

13 http://www.imaginit.com/training/in-personclasses/courselescriptions
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ACA AustralissianConstructors Association

ACIF  Australia Construction Industry Forum

AlA Australian Institute Of Architects

AlB Australian Institute of Building

APCC Australia Procurement and Construction Council

ASBEC Australian Sustainable Built Environment Council

AUD  Australian Dollar

CCF Civil Contractors Federation

CoE Centres of Excellence

CRC  Cooperative Research Centre

CuUT Curtin University of Technology

DIRD Commonwealth Department of Infrastructure and Regional Development
FM Facility Management

OECD Organisation for Economic Cooperation and Development
QTMR Queensland Transport and Main Roads

RA Roads Australia

Standing Council on Transport and Infrastructure (Transport and Infrastructure (
SCOTI since May 2014)

TIC Transport andnfrastructure Council (Previously SCOTI)

TISOC Transport and Infrastructure Senior Officials' Committee
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