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1 Including inter alia BRANZ Study Report SR3410 (2014) 
https://www.branz.co.nz/cms_show_download.php?id=db0ab6091f9fb125f8fe853534bba2c888af5cd7 
2 http://www.interest.co.nz/property/83282/rate-which-new-homes-are-being-built-relative-our-population-
size-less-half-what-it 
3 http://www.nzherald.co.nz/business/news/article.cfm?c_id=3&objectid=11627203 



iv 
 

ā ā

ā



v 
 

 

 

Executive summary.......................................................................................................................... iii 

1. Introduction .............................................................................................................................. 1 

1.1. Scope of work ................................................................................7 

1.2. Methodology ..................................................................................7 

2. Innovation............................................................................................................................... 10 

2.1. Innovation diffusion ...................................................................... 13 

2.2. International Perspectives: What makes successful innovation? ..........14 

2.3. Innovation drivers and barriers.......................................................16 

2.4. How can the industry/government drive more innovations?................ 18 

2.5. Focus group findings ..................................................................... 21 

2.6. Future research in innovation ......................................................... 30 

2.7. Recommendations.........................................................................31 

3. People ..................................................................................................................................... 34 

3.1. Labour shortages ..........................................................................35 

3.1.1. Construction demand............................................................... 35 

3.1.2. Demographic changes.............................................................. 36 

3.1.3. Unattractive for the young generation........................................ 37 

3.1.4. Cyclical nature of the industry................................................... 38 

3.2. Skills shortage.............................................................................. 38 

3.3. Focus group findings ..................................................................... 40 

3.4. Future research in people .............................................................. 44 

3.5. Recommendations......................................................................... 45 

4. Technology.............................................................................................................................. 47 

4.1. What do you see as new transformative technologies for the building 
construction industry?............................................................................ 50 

4.2. How can Transformative Technologies be adopted? ........................... 53 

4.3. Barriers to implementing transformative technology.......................... 59 

4.4. Impact of transformative technologies on systems/processes/people? .60 

4.5. Focus group findings ..................................................................... 63 

4.6. Future research in technology ........................................................ 68 



vi 
 

4.7. Recommendations.........................................................................69 

5. Process.................................................................................................................................... 73 

5.1. Procurement ................................................................................ 76 

5.2. Construction supply chain integration (CSCI).................................... 77 

5.3. Integrated design ......................................................................... 80 

5.4. Focus group findings ..................................................................... 83 

5.4.1. Least successful processes .......................................................83 

5.4.2. Successful process .................................................................. 90 

5.5. Future Research Directions.............................................................91 

5.6. Recommendations.........................................................................92 

6. Summary................................................................................................................................. 96 

 



vii 
 

 



1 
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5 Accessible at: 
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6 Camillus, J.C. (2008), Strategy as a Wicked Problem, HBR May 2008 Issue 
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Figure 1-1: Philosophical construct of SRA6 
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The building construction industry is critical to the functioning of the economy in any 

country in terms of both providing society with places to work, places to live and the 

infrastructure needed to enable the functioning of both15. In New Zealand, the building 

construction industry is one of the largest sectors of the economy accounting for 8% of total 

employment in the country16. However, in spite of its importance to the national economy 

in terms of size, the building construction industry seems to be lagging behind other sectors 

in terms of productivity1718. In 2010, the building construction industry in New Zealand 

established the Building and Construction Sector Productivity Partnership to actively 

address the issue of low productivity in the sector. Although the early focus was on 

identifying and quantifying the problems that led to low productivity, over recent years the 

focus shifted to problem solving and addressing the cultural and mechanistic change that is 

needed to resolve the well documented problems19.  

One of the areas that the productivity partnership has identified as critical for achieving 

significant improvements in the sector’s productivity is innovation. The ultimate goal of 20% 

productivity improvement by 2020, it was contended, could not be achieved by repeating 

the old ways of doing things. New innovative approaches are required in order to 

significantly improve performance at the same cost or maintain the same level of 

performance at much lower cost. Unfortunately, the building construction industry is one of 

the least innovative sectors compared to other industries such as manufacturing and 

                                       
15 Murray, M.D. and Langford, D.A. (2003). Rethinking construction: the Egan Report (1998).  
   Construction Reports 1944-98, 178-195. 
16Pricewaterhousecoopers (2011). Valuing The Role of Construction in the New Zealand Economy, The 
  Construction Strategy Group, New Zealand, 81.  
17Wilkinson, S., Kempton, T., and Gleeson, A. (2012). Identifying Canterbury Rebuild Project KPI’s (Baseline 
Report). 
18 MBIE (2014) New Zealand Sectors Report, http://www.mbie.govt.nz/info-services/business/business-
growth-agenda/sectors-reports-series/pdf-image-library/the-new-zealand-sectors-report-2014-main-
report/Part%201%20-%20Overview%20of%20the%20Economy%20by%20Sector.pdf 
19See footnote 7 
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traditional services20. Indeed relatively recent statistics published by Statistics New Zealand 

(2014) indicate the huge disparity between the levels of productivity achieved by the 

building construction industry compared with companies in other sectors of the New 

Zealand economy21.  As previously noted, productivity is static at $34/hr added value, 

compared to a pan-industry average of $48/hr – and up to $200/hr for high performance 

sectors. The research and development report produced by Statistics New Zealand indicates 

that R&D expenditure in the building construction industry accounts for a low 5% of the 

total expenditure in the sector22. Indeed, this problem is not limited to New Zealand, as 

internationally the building construction industry is seen as a traditional or low-technology 

sector with low levels of expenditure on activities associated with innovation23. 

An initial motivation for the research team to focus on innovation as a key concept grew 

from the foundational work conducted by Wilkinson et al.24 on the Christchurch Rebuild 

project.  The Stronger Christchurch Infrastructure Rebuild Team (SCIRT) Project allowed 

access for researchers to a major series of infrastructure projects in New Zealand. SCIRT is a 

purposeful infrastructure project developed in order to address the 2012 Christchurch 

earthquake’s damage to roads, bridges and underground pipes. SCIRT is an alliance between 

Christchurch City Council, Canterbury Earthquake Recovery Authority (CERA), New Zealand 

Transport Agency (NZTA), City Care, Downer, Fletcher Construction, Fulton Hogan, and 

McConnell Dowell. An integrated project delivery system (IPDS) used by SCIRT is considered 

an opportunity to develop an understanding of innovation practices through the IPDS. SCIRT 

is considered as a perfect case study due to the huge success on innovation development, 

having more than 500 construction innovations developed through a strategic plan. 

                                       
20Reichstein, T., Salter, A. J., and Gann, D. M. (2005). Last among equals: a comparison of innovation in 
construction, services and manufacturing in the UK, Construction Management and Economics, 23(6), 631-644. 
21 MBIE Sectors Report 2014 http://www.mbie.govt.nz/info-services/business/business-growth-
agenda/sectors-reports-series/pdf-image-library/the-new-zealand-sectors-report-2014-main-
report/Part%201%20-%20Overview%20of%20the%20Economy%20by%20Sector.pdf 
22Statistics NZ. (2012). Research and development survey, Available at 
http://www.stats.govt.nz/browse_for_stats/businesses/research_and_development/ResearchandDevelopme
ntSurvey_HOTP2012.aspx  
23Seaden, G., Guolla, M., Doutriaux, J., and Nash, J. (2003). Strategic decisions and innovation in construction 
firms. Construction Management and Economics, 21(6), 603-612. 
24Wilkinson, S., Shahbazpour, M., Finch, R., and Noktehdan, M.  (2016). The SCIRT innovation project (Research 
Report). Retrieved from     
https://www.branz.co.nz/cms_show_download.php?id=ee82da2422cf6149b669f95632b330debac53057 
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It became clear through the initial research undertaken around the SCIRT series of projects 

that innovation was a critical aspect of the success achieved by SCIRT.  Innovation led to 

productivity improvements that in turn led to a significant increase in the rate at which new 

infrastructure could be brought on stream while costs were kept under control.  This in turn 

provided a fundamental basis on which to grow research in the research domain. 

What makes innovation challenging is the fact that it is very difficult to agree on a common 

definition25. International literature shows various definitions of innovation. This diversity of 

innovation definitions has made it difficult for researchers to reach agreement. Based on a 

literature review, the following definitions and purposes of innovation were found useful: 

 Creation and adoption of new knowledge to improve the value of products, 

processes and services26. 

 Ingenuity, entrepreneurship, process improvement, development and growth27. 

 The creation and implementation of changes that are new to the adopting unit or 

organisation28. 

 

For the purposes of this study, innovation is best defined as the creation, adoption and 

implementation of new changes to improve construction values of productivity and project 

performance.  The principle measured improvements are in the form of the key metrics of 

construction. Cost, time, quality, safety, and organisational performance. In addition to this 

definition, what are the critical motivators for organisations and companies to engage in 

innovation?  In short, why should we innovate? 

 Innovations create solutions to prevent problems, and investing in innovation is 

beneficial to consumers through higher quality services29. 

                                       
25 Zairi, M. (1994). Innovation or innovativeness? Results of a benchmarking study, Total Quality Management, 
5(3), 27-44. 
26 Aouad, G., Ozorhon, B., and Abbott, C. (2010). Facilitating innovation in construction: directions and 
implications for research and policy, Construction Innovation, 10(4), 374-394. 
27 Gledson, J., and Phoenix, C. (2017). Exploring organisational attributes affecting the innovativeness of UK 
SMEs, Construction Innovation, 17(2), 224-243. 
28 Lai, K.S., Yusof, N., and Kamal, E.M. (2016). Innovation orientation in architectural firms, Construction 
Innovation, 16(4), 425-445. 
29 Gledson, J., and Phoenix, C. (2017). Exploring organisational attributes affecting the innovativeness of UK 
SMEs, Construction Innovation, 17(2), 224-243. 
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 Having regard to construction, innovation can create awareness of new processes to 

improve productivity, project and organisational performance. 

 

A global view of innovation suggests the phenomenon as a driving force for continual 

improvement. In this view, improvement breeds increased productivity and performance, 

leading to company growth and profit30 before the resultant shift of indirect benefits to 

society occurs. However, many construction organisations are characterised by a lack of 

skilled resources, producing poor output that results in low levels of profitability. Thus, 

innovation can offer at least a partial solution by improving existing skill, processes and 

technologies. By doing so, it can lead to significant practical and commercial benefits. To 

develop a better understanding of innovation in context, it is worthwhile to explore some of 

the ways that innovation plays out in construction. In doing so, it is informative to 

encompass innovation orientations. 

 

International literature views diffusion (literally the spread of new innovations through the 

social system, such as the economy) of innovations as a means of developing and 

communicating a new idea through certain channels, and is a key activity in the innovation 

process31. This relates to the adoption and diffusion of new ideas, methods and products 

within a social system32. It is noteworthy that classic diffusion research places great 

attention on how innovation adopters gain knowledge about innovations.  Therefore a focus 

has been placed on certain sources through which new ideas can be disseminated33: 

 Media channels, 

 Interpersonal communication, 

 Information management and awareness, 

                                       
30 Same as 13 
31 Lindgren, J., and Emmitt, S. (2017). Diffusion of a systemic innovation: a longitudinal case study of a Swedish 
multi-storey timber house building system, Construction Innovation, 17(1), 25-44. 
32 Howaldt, J., Schwarz, M., Henning, K., and Hees, F. (2010). Social innovation: concepts, research fields and 
international trends, IMA/ZLW. 
33 Shibeika, A., and Harty, C. (2015). Diffusion of digital innovation in construction: a case study of a UK 
engineering firm, Construction Management and Economics, 33, 453-466. 
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 Communication network activity and channel building, and 

 Interactions among different actors or construction professionals within construction 

firms. 

Understanding the meaning of innovation is insufficient. Ability to innovate and implement 

innovations are also important. In addition, there is a need to prioritise the implementation 

of innovation in construction projects. Much literature has focussed on how innovation 

could be implemented in construction projects34,35,36&37. As such, this study finds its 

significance. 

 

From a UK perspective, the “Sainsbury Report”38 illustrated the desire to shape the 

innovation network in such a way as to promote innovation. This is reflected internationally 

within the construction sector where there is a growing awareness from within the industry 

of the need to innovate and anticipate possible future as a means of aligning and improving 

current strategies39. For example, Aouad et al.40 reported that the outlooks section of the 

International Council for Research and Innovation in Building and Construction (CIB) 

contained some wide-ranging construction sector outlook reports produced about the last 

two decades. All of these reports reflected the desire to increase the pace of innovation and 

to proactively shape the future innovation agenda. 

In order to gain an insight into successful innovations internationally and their relationship 

to the NZ experience, it is worthwhile considering what we can learn from the UK on 

innovative practices in particular.  The UK has a useful perspective since the craft industry 

basis of the sector there, as well sharing significant historical and cultural references. 

                                       
34 Slaughter, E. S. (1998). Models of construction innovation, Journal of Construction Engineering and 
management, 124(3), 226-231. 
35 Slaughter, E. S. (2000). Implementation of construction innovations, Building Research & Information, 28(1), 
2-17. 
36 Winch, G. (2003). How innovative is construction? Comparing aggregated data on construction innovation 
and other sectors- a case of apples and pears, Construction Management and Economics, 21(6), 651-654. 
37 Aouad, G., Ozorhon, B., and Abbott, C. (2010). Facilitating innovation in construction: directions and 
implications for research and policy, Construction Innovation, 10(4), 374-394. 
38 Turville, L.S. (2007). The race to the top, HM Treasury, London. 
39 Same as 21. 
40 Same as 21. 
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What can we learn from UK on innovative practices? 

In a survey of UK contractors, Aouad et al.41 reported an interesting insight into the 

contractors’ perspectives on innovation. The findings of the survey indicated that 

contractors largely innovate to improve their processes and services. Specifically, their 

innovative practice is driven by their clients and partners. Having regard to innovative 

practices, a useful insight was provided by a question that asked which innovations do 

contractors believe they excel at. An understanding of this helped inform the types of 

innovation that they might be expected to introduce. Based on their responses (Table 1), it 

can be seen that contractors believe that they are good at organisational innovations such 

as collaborative practices and contract management/client relations. In terms of 

technological innovations, their practices follow the increasingly significant driver for 

innovation of environmental sustainability with contractors believing that they excel at 

waste management and energy efficiency/carbon reduction.  

It is also worth mentioning that ICT, advanced materials (composite, high performance), on-

site IT applications [geographic information systems (GIS), global positioning systems (GPS) 

and radio-frequency identification (RFID)], and automation of processes are among the least 

adopted practices. These findings also support previous evidence that much of construction 

innovation is process and organisation based, and often characterised by the widespread 

adoption of new practices as a result of advances in technological and business processes42. 

 

 

 

 

 

 

 

                                       
41 Aouad, G., Ozorhon, B., and Abbott, C. (2010). Facilitating innovation in construction: directions and 
implications for research and policy, Construction Innovation, 10(4), 374-394. 
42 Aouad, G., Ozorhon, B., and Abbott, C. (2010). Facilitating innovation in construction: directions and 
implications for research and policy, Construction Innovation, 10(4), 374-394. 
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Table 2-1: Innovation practices 

Practices43 Mean 
To what extent does your organisation excel at the following innovative 
practices? 

 

Collaborative practices 4.3 
Contract management/client relations 4.3 
Waste management 4.1 
Energy efficiency/carbon reduction 4.0 
Knowledge management 3.9 
Design solutions (virtual/collaborative design, modelling and simulation tools 
and BIM) 

3.8 

Web-based project management/extranets 3.8 
Off-site manufacturing, modern methods of construction (MMC) 3.7 
Business process reengineering 3.7 
Marketing strategies 3.7 
Information and communication strategies 3.6 
Advanced materials (composite and high performance) 3.3 
On-site IT applications (GIS, GPS and RFID) 3.3 
Automation of processes 3.2 

 

Gledson and Phoenix44 reported an investigation by the Chartered Institute of Building 

(CIOB) in the UK.  The investigation centred on aspects of innovation as they revealed cost 

efficiency as the biggest driver for innovation, followed by sustainable processes and client 

demands. In addition, the development of new ideas around sustainability to improve the 

environment are considered to be of lesser importance than company survival.  In contrast, 

Rosenbusch et al.45 argued that the negatives associated with innovations such as risk, 

uncertainty and high installation costs are outweighed by the benefits, although this should 

be taken contextually and will not be suitable in all scenarios. 

Mostly, the barriers to effective innovation have occurred as unintended consequences of 

regulation, and attempts to reduce risk to the industry. By its very nature, the introduction 

of an ordered set of rules associated with practice and technology will tend to militate away 

from significant changes in process and technology rather promoting such change.  It is 
                                       
43 Same as above. 
44 Gledson, J., and Phoenix, C. (2017). Exploring organisational attributes affecting the innovativeness of UK 
SMEs, Construction Innovation, 17(2), 224-243. 
45 Rosenbusch, N., Brinckmann, J., and Bausch, A. (2011). Is innovation always beneficial? A meta-analysis of 
the relationship between innovation and performance in SMEs, Journal of Business Venturing, 26(4), 441-457. 
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therefore unsurprising that the desire to remove risk (in terms of cost in particular) has led 

to a slowing in improvement of quality, speed and safety, by reducing the desire to actively 

promote innovation and change46. Further from New Zealand experience, Clark-Reynolds 

and Pelosi47 have grouped the barriers into the following categories: 

 Banking 
 Lack of information and data 
 Uninformed customers 
 Traditional industry 
 Threat of the new 
 Regulatory issues 

 

Interventions are needed to be across all of these issues if we are to transform the ibuilding 

industry and build better, as they are interconnected and interdependent48. To gain an 

insight into the drivers and barriers to innovation within the building construction sector 

learning from UK and Sweden contexts is worthwhile. 

What can we learn from the UK about innovation drivers & barriers? 

In Ozorhon et al.’s49 report, results were intended to shed light on the main drivers for 

innovation at the firm’s level to understand what drives an organisation to innovate. The 

results (see Table 2) showed that the main driver is performance improvement, whereas the 

least driver is aesthetics/design trends. This indicates that although there is a recognition 

that successful innovation ought to bring improvement, there is also a requirement to meet 

external factors such as environmental factors or client/user requirements.  

 

 

 

 

 

                                       
46 Clark-Reynolds, M., and Pelosi, A. (2016). When did disruption become a good thing?, BRANZ, New Zealand, 
1-44. 
47 Clark-Reynolds, M., and Pelosi, A. (2016). When did disruption become a good thing?, BRANZ, New Zealand, 
1-44. 
48 Same as previous source. 
49 Ozorhon, B., Abbott, C., Aouad, G., and Powell, J. (2010). Innovation in construction: a project life cycle 
approach, SCRI Research Report, Salford, 1-49. 
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Table 2-2: Drivers of innovation 

Drivers50 Mean 
To what extent do the following factors create the need for organisations to innovate?  
Performance (cost reduction, productivity, effectiveness) 4.8 
Environment/sustainability 4.7 
End-user requirements 4.6 
Technological developments 4.3 
Competition 4.1 
Regulation and legislation 4.0 
Aesthetics/design trends 4.0 
 

Meanwhile, the top two barriers to innovation are clearly to be seen as economic conditions 

and availability of financial resources51. It is noteworthy that financial concerns can both act 

as a driver and a barrier. The companies surveyed claimed to innovate in order to increase 

their profitability but believe that they cannot innovate unless economics allows. Similarly, 

architects’ perception of the Swedish construction industry indicated the following barriers 

to the innovativeness of the industry, and the top two barriers are financial concerns52 i.e. a 

focus on initial/project costs rather than life cycle, and the economic risk associated with 

innovations. 

 

In New Zealand, innovation in the building construction industry has tended to be primarily 

at the product level, rather than by changing methods of funding, costing and for that 

matter training of people and attenuation of societal expectations. New Zealand is not alone 

in this – the building construction industry internationally is similarly limited in terms of its 

acceptance of the drive to actively seek change,53 nonetheless the sector is constantly 

changing, and so are all of the fields within it. Innovation and new technologies that are 

                                       
50 Ozorhon, B., Abbott, C., Aouad, G., and Powell, J. (2010). Innovation in construction: a project life cycle 
approach, SCRI Research Report, Salford, 1-49. 
51 Same as 34. 
52 Hemstrom, K., Mahapatra, K., and Gustavsson, L. (2017). Architects’ perception of the innovativeness of the 
Swedish construction industry, Construction innovation, 17(2), 244-260. 
53 Clark-Reynolds, M., and Pelosi, A. (2016). When did disruption become a good thing?, BRANZ, NZ, 1-44. 
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rapidly changing the sector are many and varied, however the bulk of current industry 

innovation efforts are largely occurring in the domains54 of: 

 New materials, building techniques and smarter tools55 

o 3D printing56 

o Robots57 

 Prefab and modular housing (although this technology has been widely cited since 

the 1960s)58 

 Structural insulated panels (SIPs)59 

 Cross Laminated Timber (CLT)6061, and various other new forms of laminated timbers 

that allow for fast builds with high strength, insulation and integrity62. 

 

To sustain our standards of living into the future and to continue our long-term national 

agenda for continuous economic growth, the government is looking to break complacency 

and drive up productivity by encouraging more innovation, competition and 

entrepreneurship. 

In a recent Construction Leaders Forum hosted by the Faculty of the Built Environment at 

the University of New South Wales and supported by the Australian Constructors 

Association and the Australian Institute of Building; 25 leaders from Australia’s largest 

                                       
54 Clark-Reynolds, M., and Pelosi, A. (2016). When did disruption become a good thing?, BRANZ, NZ, 1-44. 
55 David M. Gann (1996) Construction as a manufacturing process? Similarities and differences between 
industrialized housing and car production in Japan, Construction Management and Economics, 14:5, 437-450, 
DOI: 10.1080/014461996373304 
56  Gosselin, C., Duballet, R., Roux, Ph., Gaudillière, N., Dirrenberger, J. and Morel, Ph. (2016), Large-scale 3D 
printing of ultra-high performance concrete – a new processing route for architects and builders, Materials and 
Design 100 (2016) 102–109 
57 Anna Kochan, (2000) "Robots for automating construction – an abundance of research", Industrial Robot: An 
International Journal, Vol. 27 Issue: 2, pp.111-113, https://doi.org/10.1108/01439910010315418 
58 Blismas, N., Pasquire, C. & Gibb, A. (2006) Benefit evaluation for 
off-site production in construction, Construction Management and Economics, 24:2, 121-130, DOI: 
10.1080/01446190500184444 
59 Medina, M.A., King, J.B. and Zhang, M. (2008), On the heat transfer rate reduction of structural insulated 
panels (SIPs), outfitted with phase change materials (PCMs) Energy 33, 667–678 
60 Van de Lindt JW,  Pryor SE,  Pei S. (2010) Shake table testing of a full-scale seven-story steel-wood apartment 
building. Eng Struct 2011; 33(3):757–766. DOI: 10.1016/j.engstruct.2010.11.031. 
61 Folz B,  Filiatrault A. (1999) Blind predictions of the seismic response of a woodframe house: an international 
benchmark study. Earthquake Spectra 1999; 20(3):825–851. DOI: 10.1193/1.1774989. 
62 Pang W,  Rosowsky DV,  Pei S,  van de Lindt JW. (2010) Simplified direct displacement design of six-story 
woodframe building and pretest seismic performance assessment. J Struct Eng; 136(7):813–825. DOI: 
10.1061/(ASCE)ST.1943-541X.0000181. 
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contractors came together to share ideas around increasing innovation and productivity in 

the building construction industry63. Our industry/government can learn more from 

Australia in respect of driving more innovations to improve productivity performance. 

What can we learn from Australia on what Industry/Government can do to drive more 
innovations to improve productivity? 

The recommendations that emerged from the discussions outlined below, point to the need 

for collective responsibility between industry, clients and government regulators in 

improving building construction industry innovation and productivity64. 

 Increase predictability of delivery 

 Drive greater integration and collaboration 

 Move to a service-based rather than a product-based delivery model 

 Increase industry engagement with new technologies 

 Improve project management and supervisory skills 

 Deeper supply chain collaboration 

 Workplace culture is critical 

 Increase transparency and reduce uncertainty around project pipelines 

 Provide enough time to plan and innovate 

 Ensure realistic project planning and feasibility 

 Review contract and procurement models 

 Incentivise innovation 

 Early contractor involvement 

 More efficient regulation and reduced bureaucracy 

 Attach greater value to good design 

 Better use of data and analytics, and 

 Increase R&D sponsorship 

 

                                       
63 Loosemore, M. (2015). How to ensure innovation and productivity in construction, Construction News, 
Available at https://sourceable.net/what-industry-leaders-say-about-construction-innovation-and-
productivity/#  
64 As above. 
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The major aim of this report was to provide insights on current innovation practices and 

performance of the industry that would inform the next stage of the research. The 

questions for the focus groups explored what innovation means; diffusing innovation; 

internationally successful innovation; internationally successful innovations; drivers and 

barriers; and possible ways by which the industry/government can drive more innovations. 

What does innovation mean in the building construction industry? As explained by a 

facility manager, a workshop participant: 

 

The subject is around improving upon what we currently do. How we improve our 

processes, the design and quality of products. The whole concept is sharing 

information in a shared learning environment that is problem-solving, risks involving, 

solutions are robust and value added to business. 

 

Understanding the meaning of innovation is insufficient as has been cited in the literature 

on various occasions65. Knowing why we should innovate, ability to innovate and implement 

innovations are also important. Innovation involves people doing something new. This 

newness involves three stages of development: ideas, actions, and outcomes. Each of these 

stages is a position along a continuum, and each is a necessary condition for the subsequent 

stage. When all stages occur, there is a fully-fledged innovation and a new technology is 

used to such an extent that there are material changes and social and/or economic impacts. 

In addition, it takes a team/collaborative effort to innovate and this principally involves the 

client, designer and contractor depending on the project delivery system. These 

actors/innovators must be prepared to bear the risks involved in the problem-solving 

process; this is challenging, and hence client value must be clearly defined. 

What are the current methods used for diffusing innovation? 

The workshop participants stressed that time is involved in diffusing innovation, in addition 

to the natural inhibiting factors related to ‘giving away’ innovations to your industrial 

                                       
65 A.M. Blayse, K. Manley, (2004) "Key influences on construction innovation", Construction Innovation, Vol. 4 
Issue: 3, pp.143-154, https://doi.org/10.1108/14714170410815060 



22 
 

competitors if the ‘secret’ of how to do things better is shared around the building 

construction industry. The innovation decision process through which an individual within 

an organisation or other decision-making unit passes from first knowledge of an innovation 

to forming an attitude towards the innovation, to a decision to adopt or reject, to 

implementation of the new idea, and to confirmation of this decision.  

Five steps were identified in this process: (1) knowledge, (2) persuasion, (3) decision, (4) 

implementation, and (5) confirmation. An individual seeks information at various stages in 

the innovation-decision process in order to decrease uncertainty about an innovation’s 

expected consequences. The decision stage can lead (1) to adoption – a decision to make 

full use of an innovation as the best course of action available, or (2) to rejection – a 

decision not to adopt an innovation. In this context, a number of current methods used for 

innovating were mentioned by focus group participants as stated below: 

i. There is need to embed a culture of removing the fear of giving ideas away. There is 

therefore a need to create a culture in which all employees are actively encouraged 

to put ideas forward in order to help firms innovate. But how do you get the best 

from people and encourage them to be at their most creative is a good question? 

ii. Innovation forums – This gathering could be government/industry-sponsored or a 

national, non-profit organization formed to recognize and encourage innovation 

that improves quality, efficiency and cost effectiveness in construction. Such a 

forum’s interest in expanding innovation awareness may extend to the show casing 

of innovators, showing innovation in action, supporting innovation networking, 

promoting innovation, and finding innovative contractors.  Arguably this is in place 

through the existence of such industry events as ‘Buildex’ here in New Zealand.  

However inevitably this type of event tends to recruit a limited subset of the 

industry and is regionally specific in such events tend to only be held in Auckland.  

iii. Formation of innovation groups by the government or industry to drive innovation. 

iv. Raising awareness of the measurable effects of innovation both within the building 

construction industry and more widely in society.  There is an apparent need to 

create a culture of innovation throughout society if our industrials capabilities are to 

improve according. 
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v. Showcasing innovations and innovators to the extent that the status of such 

individuals and organisations become cultural icons that affect change. This can be 

demonstrated in various ways e.g. advertising in social and professional media and 

has occurred in other industries such as with the creation of the image around, and 

impact of, ‘Nano-girl’ (Dr Michelle Dickinson) in the Biomedical Materials space.  

The very real question is ‘Who is/are the ambassadors of construction innovation 

here in NZ?’ 

vi. Funding innovation by the government and multinational companies most 

particularly through research and development goes a long way to help the building 

construction industry. 

vii. Development of a team ethos, rather than an individual focus, in organisations 

presents a significant opportunity to enhance the ability of companies to innovate.  

Internal collaboration among employees and team work or effort will help enhance 

the innovation process. 

viii. Inclusion of innovation as a critical aspect of the non-price attributes of construction 

companies in government procurement policy will go a long way to add value to 

projects and products that our created by leading innovators.  The reality is that 

government has a huge amount of power to influence and shape behaviour in the 

construction sector. 

 

Can you think of successful innovations internationally which could be adopted or 

modified to work in New Zealand?  

 

To gain an insight into the successful innovations internationally, the workshop participants 

gave an idea about the innovations and new technologies that are rapidly changing the 

construction sector and can be adopted or modified to work in New Zealand; these include 

the following: 

i. The Sky tower panelling (structural insulation panels) system that was adopted in 

1997 for the construction of Auckland’s landmark building.  There is no fundamental 

reason why this technology could not be adopted more widely into more 

mainstream of the construction sector; 
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ii. Zero energy buildings66 were seen as presenting a significant opportunity to expand 

the capability and capacity of the NZ building construction industry. This is a building 

with zero net energy consumption. The total amount of energy used by the building 

on an annual basis is roughly equal to the amount of renewable energy created on 

the site. These buildings consequently contribute less overall greenhouse gas to the 

atmosphere than similar non-ZNE buildings. They do at times consume non-

renewable energy and produce greenhouse gases, but at other times reduce energy 

consumption and greenhouse gas production elsewhere by the same amount. A 

similar concept approved and implemented by the European Union and other 

agreeing countries is nearly Zero Energy Building (nZEB), with the goal of having all 

buildings in the region under nZEB standards by 2020. Traditional buildings consume 

40% of the total fossil fuel energy in the US and European Union and are significant 

contributors of greenhouse gases. The zero-net energy consumption principle is 

viewed as a means to reduce carbon emissions and reduce dependence on fossil 

fuels and although zero-energy buildings remain uncommon even in developed 

countries, they are gradually gaining importance and popularity. 

iii. Smart cities and the principles embodied in them was considered to be of import by 

the focus groups - The European Union (EU) has devoted constant efforts to devising 

a strategy for achieving 'smart' urban growth for its metropolitan city-regions. The 

EU has developed a range of programmes under 'Europe's Digital Agenda". In 2010, 

it highlighted its focus on strengthening innovation and investment in ICT services 

for the purpose of improving public services and quality of life. A smart city is an 

urban development vision to integrate information and communication technology 

(ICT) and Internet of things (IoT) technology in a secure fashion to manage a city's 

assets. These assets include local departments' information systems, schools, 

libraries, transportation systems, hospitals, power plants, water supply networks, 

waste management, law enforcement, and other community services. A smart city is 

promoted to use urban informatics and technology to improve the efficiency of 

services. ICT allows city officials to interact directly with the community and the city 

                                       
66 Sartori, I., Napolitano, A. Voss, K (2012) Net zero energy buildings: A consistent definition framework, Energy 
and Buildings 48 220–232 
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infrastructure and to monitor what is happening in the city, how the city is evolving, 

and how to enable a better quality of life.  

iv. Mandatory building performance assessment monitoring in Europe (and elsewhere) 

has been seen to significantly increase the energy efficiency of buildings and their 

fitness for purpose67.  It was believed that there is a significant opportunity to 

develop this type of capability in the NZ context and should be explored further. 

v. 3D printing - Using 3D printing instead of current construction methods could be a 

more cost-effective process and create a new standard for housing construction in 

the future. The concept of 3D printing has been hovering around for some time now. 

The actual use of 3D printing and its adaption into the building construction industry 

is now starting to become a reality. Contractors around the world have built the first 

3D residential structures including houses and apartment buildings. What makes 3D 

printing different from current construction methods? The 3D printing is done using 

super-size printers which use a special concrete and composite mixture that is 

thicker than regular concrete, allowing it to be self-supporting as it sets. Therefore 

3D-printed components do not have the same design constraints that may hinder 

current construction methods. In addition, curved concrete structures created 

through 3D printing can be hollow, using less material and creating space for building 

services inside the structural elements. Not only could this revolutionize the building 

construction industry, but the less expensive process could also affect housing 

affordability. Lower material usage and lower labour costs create a less expensive 

construction method which can in turn create lower-cost housing. 

vi. Prefab and modular housing - The emergence of building information modelling 

(BIM) is influencing design and construction processes and how project teams 

collaborate. The participants stressed that a key benefit of BIM is enabling the 

increased use of prefabrication and modularization, which in turn improves worksite 

productivity and overall project performance.  

vii. Carbon emission control, both philosophically and through legislation has significant 

potential to affect (positively and negatively) the productivity of the building 

construction industry in NZ.  There is an emergent need in NZ to ‘get ahead’ of the 
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problem of emissions control – especially in the context of the wider international 

responsibilities of NZ – so that in the event of wider emissions control legislation is 

introduced it does not collapse construction productivity. 

 

What are the drivers and barriers for innovation creation in New Zealand? 

 

During the workshop sessions, a number of issues were identified as drivers or factors that 

create the need for organisations to innovate (drivers), and the reasons why the building 

construction industry is slow to innovate (barriers) respectively. 

Innovation involves people doing something new. Consequently, the ability to create new 

ideas and implement them should be the major attribute of an innovator and our creative 

ability lies in the development of our mind. Understanding what we are trying to change is 

very important and developing “why not approach” is a force behind the willingness to 

implement innovations. As potential innovators adopt this approach, barriers are turned to 

drivers, and threats to opportunities; they take the risks to succeed. Also, an innovator 

should have a bold vision towards building issues and other challenges (e.g. energy, 

infrastructure, transportation, etc) as well as building industry technologies (e.g. ICT, 

logistics, BIM, tools, new designs and products, techniques, etc). Environmental issues (e.g. 

emission of materials, air pollution) should not be left behind, as the strength to innovate 

effectively lies in this quality of having a bold and aspirational vision. 

Innovation capture denotes having respect or recognition for the value of innovation as a 

driver for organisations or employees to create new ideas for their own immediate and 

future benefits. Getting professionals from various disciplines (architects, quantity 

surveyors, builders, planners, project managers, developers, etc) to work together in 

innovative fields will go a long way to ensure effective innovation and robust solutions. 

Similarly, collaborative contracts (e.g. alliance, public-private partnership, joint venture, 

partnering, etc) is a driver, as one is conscious of the fact that internal or external 

collaboration/team work among professionals, organisations/firms, government and 

industry will ensure efficiency during innovation process. 

In addition, innovation brings success and higher profit to companies that engage in it. 

Therefore, such companies need to define their profit margin and this is a determinant for 
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innovation creation. Although, innovation is capital intensive and some people think they 

cannot innovate because it costs money, whereas the end result is higher profit. They lack 

understanding of the loop – is a lack of profit inhibiting innovation growth or is a lack of 

innovation inhibiting profit growth? 

Having to show to people that innovation ensures positive results, case studies and big data 

from case studies are needed. Examples of successful innovations from other countries and 

organisations, and their best practice and performance can be seen as case studies 

providing some degree of confidence for future innovators by seeing the success that has 

been achieved by innovators elsewhere. 

Meanwhile, barriers to innovation creation are the reasons why the building construction 

industry is slow to innovate. Innovations are risk-based. Innovation can be a company’s 

most powerful tool and a key driver of value.  

Many executives, fearful of the risks inherent in pursuing new ideas, may hesitate to 

unleash its full potential. Inevitably there is a difficult line between ‘Leading Edge’ 

innovations and ‘Bleeding Edge’ innovations.  The former is seen as a positive for obvious 

reasons of market advantage and growth; the latter the inevitable consequence of trying to 

grow and introduce ideas ahead of their time and the ability of mainstream technology to 

cope68.  

They prefer, indeed, to renovate rather than to innovate – becoming the fast follower with 

proven concepts rather than the leading light.  For example, 64 percent of the 519 

companies in Accenture’s 2012 innovation survey—a cross-industry sample of US, UK and 

French players — found only 20 percent viewed their innovation efforts as potential 

changers and 16 percent said they were using innovation to drive competitive advantage. 

An innovator needs to be bold to innovate and not being conservative. Having uneducated 

clients/actors that are conservative and they lack understanding of their requirements as 

well value of innovation, training, fresh thinking/creativity, technical confidence/competence 

and knowledge development could be responsible for such lukewarm or nonchalant attitude 

towards innovation.  
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Condition of contract (NZS 3910) does not have innovation content and this document 

should encourage innovation. This needs to be reviewed to reflect a clause that bears 

innovativeness for practice. Another barrier is bidding system (tendering). If bidding is based 

on pricing and price is the main determinant for bidding success, the contractor with low 

price wins. Such a contractor may not be keen to include a transformational, innovative 

aspect to the tender. Moreover the newness of a solution may affect apparent and residual 

values in constructed property.  For example if we consider the apparent versus residual 

values of an engineered timber building in comparison to standard concrete and steel 

construction, we can consider the problematic nature of new innovation in construction.  

How much will the timber building cost in terms of through lifecycle maintenance etc in the 

absence of empirical evidence and costings from such buildings constructed in the past?  Is 

it reasonable to expect a client to specify a new technology that there is no ability to plan 

and cost model for?  As one client said in a telling discussion with a researcher at a focus 

group:–  

“I would love to have an engineered timber building as part of the university’s 

commitment to environment sustainability and resilience.  But how can I present this 

as an option to the University Council when I can’t in all honestly tell them how much 

maintenance will be in 5 let alone 50 years’ time?  Similarly what will the residual 

value be in the same time period…. Let alone what building liability insurance is likely 

to be with unproven concepts.  I know it is chicken and egg.  At this stage I am 

chicken! 

Affordability to innovators is another barrier because thinking and implementing innovation 

cost money but this results in higher profit in the long run. In addition, lack of data 

management is a crucial issue that needs attention. Lessons learnt from projects completed 

are data that need to be compiled and kept. As projects are completed, they are discarded 

and their data are not used to improve proposed projects in the face of problem-solving 

exercise.  It would seem apparent that the government needs to change its attitude towards 

innovation – especially in the domain of crown properties owned by ministries, councils, and 

other entities such as universities, colleges and schools etc as they are seen not having a 

long-term plan, support and goals for innovators.  If anything government tend to 

discourage innovation in this space.  Given the context of New Zealand and the recent 
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history of leaky buildings as the result of construction materials / planning / design 

innovations like monolithic cladding and internal guttering etc, it is not hard to understand 

the reticence of governmental bodies given their liabilities and the consequences of 

innovation failure. 

How can industry/government drive more innovations? 

 

The workshop participants pointed to the need for collective responsibility between the 

government and industry to be able to drive more innovations in the following ways: 

i. Collaborative contracts (e.g. alliance, public-private partnership, joint venture, 

partnering, etc) can be used to drive more innovations (as previously mentioned), as 

one is conscious of the fact that internal or external collaboration/team work among 

professionals, organisations/firms, government and industry will ensure efficiency 

during innovation process. 

ii. Shared best practice/Shared future vision – Holding periodical meetings/discussion is 

essential between industry leaders and government decision makers to share and 

mutual understanding towards the future of innovation. 

iii. Case studies to be made generally available – As mentioned above, case studies are 

needed to show people that innovation ensures positive results i.e. Examples of 

successful innovations from other countries and organisations.  At present another 

inhibitor for the industry is a lack of interest in or access to literature and findings 

from active research. 

iv. Comparing projects – Failed practices that innovation could have saved can serve as 

a lesson to drive more innovations. 

v. Better understanding of business improvements – Goals should be set and methods 

should be defined to achieve the goals. Understanding that business improves 

through innovation is a way to drive more. 

vi. Once area flagged by multiple participants was the need to substantially rethink the 

standard methods of construction using timber as a means to increase timber use 

and the affordability of housing in NZ.  With this in mind NZS 3604 for timber framed 

buildings was cited as being in substantial need of a rethink and expansion in order 

to take timber framed structures beyond their current limit of 10m. The 
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specification, as well as access and adherence to it, can be used as a tool to drive 

more innovations and this is useful to practitioners. 

vii. Government policy/regulation with innovation clause will go a long way to add value 

to projects and products. This can be used to drive more innovations. 

viii. Challenge and change what is currently understood by innovation in the NZ building 

construction industry - Investigations have revealed a substantial perceived inability 

of the industry to innovate effectively. This current state of the industry must be 

challenged to drive more innovations. 

ix. Understanding what we are trying to change is very important and developing “why 

not approach” by the industry leaders and government is a force behind the 

willingness to implement more new ideas. 

x. A need to look at New Zealand environment/NZ competence and capability – A 

solution for transforming the industry through innovation should be tailored 

specifically to New Zealand environment bearing in mind the NZ competence and 

capability to drive more ideas. 

 

Potential future research questions include: 

 Identify the actions/processes that organisations take to generate new ideas i.e. 

internal inputs of innovation? 

 Identify the sources of new ideas/innovation, and to what extent does your 

organisation utilize the external sources of innovation? 

 Identify the factors that are seen as significant in enabling innovation within your 

organisation (enablers of innovation), and to what extent do the factors help 

promote innovation within your organisation? 

 Drivers of innovation have been identified in the study, but to what extent do the 

drivers create the need for your organisation to innovate? 

 Barriers to innovation have been identified in the study, but to what extent do the 

barriers impede the uptake of innovation within your organisation? 
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 Who are the major actors of innovation (innovators) within the construction sector, 

and to what extent do you think the actors drive innovation within the construction 

sector? 

 How can innovation be implemented in construction projects? 

 What are the expected benefits/impacts (outcomes) of innovation, and to what 

extent does your organisation enjoy or derive the benefits? 

 How do we assess the applicability of innovations for wider implementation in the 

NZ building construction industry? 

 How can innovation contribute to a whole building life cycle approach in the building 

construction industry?   

 

There is no single way to transform the building construction industry but rather a collection 

of changes that can support a cultural, technological and process shift. Creating a culture of 

innovation can influence both stakeholders and the whole industry, and their ability to 

innovate. Investment is an important input for innovation. Investing in people, technology 

and process, as well as conventional Research and Development (R&D) initiatives, will 

create an environment where innovation can support the building industry to prosper. 

Based on the findings are the following recommendations that can support this 

transformation to happen, turn barriers into drivers and most importantly, drive more 

innovations across the New Zealand industry. 

Innovation and People: Innovation is driven by people having good ideas. Good ideas occur 

where there is a focus on outcomes, a culture of challenge of concepts, and there is space in 

the expected programme of work for people to think and test new ideas. There has been an 

industry acknowledgement that a skills shortage exists across the entire construction 

workforce. For this reason the following actions are recommended: 

 Investing in enhancing existing and prospective industry-professionals’ skills and 

capability. 

 Providing individuals, teams and organizations with incentives (e.g. prizes, awards, 

recognitions) for ideas is a good motivator to nurture innovation culture. 
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 Implement effective and internationalized curricula in universities, polytechnics, 

technical colleges and apprenticeship schemes 

 Offer training programmes at job centers and in collaboration with companies or the 

industry 

 Enhance the attractiveness of construction professions through intellectual 

campaigns or media 

Innovation and Process: With upfront investment in innovation, processes can drive 

efficiencies and generate value for businesses. For this reason, the following actions are 

recommended: 

 Research and Development (R&D): Research and development provides an 

opportunity for ideas to be tested to ensure suitability for universal application. The 

opportunity provided by R&D to carry out a pilot study or project makes it an 

integral part of the innovation process. Investment in R&D by the construction 

industry has been low. Modern infrastructure and construction can benefit 

enormously by increasing R&D investment to exploit the use of new technologies to 

provide innovative new solutions, thereby making radical changes to the 

construction and management of infrastructure. 

 Data Acquisition: Good data enables projects to start off on the right foot. It is 

crucial that there is investment in reliable data acquisition from the onset, as well as 

in an adequate capability to correctly interpret data. This ensures there is an 

application of sound science in the problem understanding process. 

 Knowledge sharing: The ability to capture ideas for application in future projects or 

learning what others are doing through forums should be considered for investment. 

Platforms should be provided that allow for knowledge sharing and feedback can 

help ensure good ideas are not lost. Traditionally, the construction industry has not 

been proactive in sharing and learning from its successes and failures. The lack of 

knowledge capture from previous projects results in repeated mistakes. Knowledge 

sharing also promotes creative thinking and knowing what competitors are doing 

pushes others to think faster and raise better ideas, thus moving the industry 

forward. Collaboration between companies and different groups including academia, 

consultants, contractors and institutions results in a greater ideas’ source to draw 
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from, faster development of ideas and shared benefits, with the industry moving 

forward together. Cultivating strong lines of communication within companies and 

encouraging knowledge sharing externally can lead to greater collaboration and 

innovation. In essence, knowledge sharing leads to better quality information 

enabling the industry to effectively harness ideas and promote innovations at all 

levels. 

 Marketing: From identifying gaps in the market to generating new ideas is germane 

to promoting innovation. Promoting innovation both internally and externally is 

essential and is a key component in the innovation cycle to ensure it becomes 

embedded. 

 

Innovation and Technology: Technological advances realize their full potential only when 

they are widely adopted across the industry. Acquisition of new technologies, materials and 

software will drive efficiencies and generate value for businesses. 

Given the economic significance of the construction industry, the Government can have an 

important role in supporting the industry, academia and institutions to enhance R&D, 

technological innovation, education and training. In particular, the government can take the 

following steps: 

 Providing financial support for demonstration projects involving new technologies 

and processes 

 Setting up incentive schemes for innovation deployment 

 Supporting centrally funded research institutions and joint industry-academia funds 

and technology centers 

 Promotion and funding of R&D investments by the construction industry offering tax 

incentives and establishment of schemes for industry contested R&D funding 

 Support workforce education, training and capability development through policy 

measures. 
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 involve developing a new generation of professionals with 

multi-disciplinary and technological competencies who are able to work across 

traditional professional boundaries, relationships and knowledge domains; 

 Technology will create big challenges for companies in managing cyber-crime and 

information security and communications. Since large amounts of data can now be 

downloaded onto smart phones, it can also be lost or stolen far more easily than in 

the past. The sheer variability of platforms and types of phones used can make the 

task of managing these risks extremely difficult; 

 Successful construction projects are built on relationships and people and new 

technologies, if used wrongly, can introduce workplace tensions and uncertainties 

and reduce communication effectiveness rather than improve it; and 

 There are also significant ethical issues around tracking and monitoring employees. 
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In their own opinion, Noktehdan et al.165 presented the following performance indicators 

that can be used to explain the impact/benefits of technological innovation in relation to 

systems/processes/people: 

 Cost: Direct cost savings or better utilization of resources; 

 Time: Reduction in lead-times or increasing speed for the project or sub-tasks; 

 Quality: Improvements in degree of conformance with specifications and/or 

satisfaction of stakeholders with the outputs of the construction project; 

 Safety: Improving safety, health and wellbeing of the employees and public during 

after the construction project; 

 Environment: Reducing adverse impact of the construction processes as well as the 

final building or infrastructure on the natural environment; and  

 Community: Reducing adverse impact on communities affected by the construction 

project and improving communication with stakeholders. 

To obtain a good idea of the expected outcome, benefits or impacts of transformative 

technologies, we can improve our understanding of why a company would choose to 

innovate and how it might measure its success. However, modern construction companies 

largely function and innovate by the quality of their processes, the people operating them 

and the 
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Figure 5-1: Strategy evaluation framework for process improvement in the construction 
industry. 
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Figure 5-2: Major categories affecting the construction industry 
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 External and internal trust 
 Mutual pain and gain 
 Information exchange in the supply 

chain 
 Transparency and quality of 

information flow 
 Communication and understanding 
 Effective cross-functional activities 

and process alignment 
 Notion that collaboration does not 

need to be based on technology 

 Joint decision making 
 Use of measures to assess the 

performance of the whole supply 
chain 

 Commit resources at the early 
stages of project development 
process 

 Intra- and inter-organisational 
support 

 Corporate focus on SCM 
 Demonstration of a business case 

for collaboration 
 
 
 

 Example of effective procurement and SCI181 

 

“Anglian Water provides water and wastewater services to 4.3million customers over a 

region of approximately 27,500 square km. The organisation is in the 5th generation of its 

asset management strategy regulated by OFWAT. Anglian Water has adopted a long term 

collaborative relationship with its supply chain, known as the @One Alliance, to deliver the 

challenging efficiency targets demanded by the regulator. This involves developing the 

supply chain to not only drive procurement savings but to identify new and innovative 

approaches to product development and efficiency. This strategy contrasts with other 

approaches in the sector based on risk transferral and a desire to manage contractual risk 

over a delivery period. These programmes find it harder to tap into the innovation and 
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efficiency achieved in alliances as there is less incentive on the part of the supply chain to 

invest their own resources and capital in new products and processes. The @One Alliance 

is a successful example of choosing the potential for long term efficiency over shorter to 

medium term risk transferral. This Alliance and others like it are seen as leading industry 

thinking in delivering long term efficient infrastructure”. 
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Figure 5-3: linear and sequential design process 
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Figure 5-4: Integrated Design process187  

 

Table 5-1: Critical factors for construction improvement 
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