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The objective of this paper is to develop a system to categorise the explanations found in
previous research and thus improve our understanding of the analysis of construction
productivity. Despite the efforts made by governments, industry organisations and firms in
many countries, the rate of growth in construction productivity as measured by national
statistical agencies has consistently been low compared to many other industries. Research
into explanations for low construction productivity growth has found a wide range of factors
and possible causes that may be at work, and there is no agreement on the most important of
these. Explanations include: the methodology of productivity analysis and measurement;
regional and sectoral effects on industry productivity; the project-based nature of the industry
and the role of project management; procurement and delivery systems and the effectiveness
of construction industry policy and intervention; and the contribution of research and
development and innovation to construction industry productivity growth. By categorising
this research the differences, commonalities and linking factors can be identified and the
various analytical paradigms evaluated. The competing explanations of the causes of low
construction productivity growth are then assessed in terms of their completeness (whole of

industry or part), applicability (time, place and circumstance) and generality (a data artefact
or not).
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INTRODUCTION

The rate of growth of productivity in Australia, the UK, US and other major economies in the
OECD become an issue in the late 1960s, when declining output per hour worked and output
per person employed became the focus of a large research program that sought to interpret
and analyse the causes of what became known as the productivity slowdown. At this time the
construction industry’s low productivity growth attracted attention. The rate of growth of
productivity of the construction industry has been poor since the 1960s, even by comparison
with a long-run overall industry average in the order of two to three percent a year.

Despite the efforts made by governments, industry organisations and firms over the past few
decades, the rate of measured growth of construction productivity has remained low
compared to many other industries.  The answers typically offered in explanation of
construction productivity cover a wide range of factors and possible causes that may be at
work. The approach taken in this paper is to review previous research across five arcas that
have been suggested as important influences on construction productivity.
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Industry, Projects and Institutions

The different aspects of construction productivity measurement and performance reviewed
above apply at three distinet levels, Which of these three levels is the most appropriate for
productivity analysis of construction will depend on the purpose of the analysis. At the
industry level the focus is on the measurement of output within the national accounting
framework, so the paper firstly looks at the measurement of rates of productivity growth.
This is a large topic and incorporates a rage of issues relevant to the topics that follow,

The second topic is the heterogencous nature of construction products, both by type and
location, At the project level, to a great extent cach project in cach of its categorics is
designed and built to serve a special need.  Although specific design skills are needed over
and over again, the outputs differ in size, configuration, location and complexity. Such
uniquencss impacts substantially on construction productivity and the construction process.
Thirdly, the site-based methods of project management used are discussed. As a subset of
these factors the work sampling studies carried out on specific tasks, processes or teams
should be included.

Finally, there is also another set of factors that can be called institutional, and these include
procurement methods, R&D and innovation, technological progress, regulation and the legal
framework. The paper collects the limited research on the effects of location and the project
based nature of the industry. The last two topics addressed are procurement and delivery
systems and construction industry policy, and R&D and innovation.

METHODOLOGY OF PRODUCTIVITY MEASUREMENT

The mcasured rate of construction productivity growth may be Jow becausc of the
measurement of output as value added, the total value of goods and services produced after
deducting the cost of goods and services used in the process of production, adjusted for
movements in prices and changes in quality. The construction deflator may not fully take
these movements into account, and therefore real output is underestimated.  Also, the
significant role of changes in the quality of construction has not, so far, been rigorously
measured.

Output of the building and construction industry is estimated by deflating current price
figures by input price indexes. A number of rescarchers have criticized the use of input price
indexes for deflating construction expenditure, for being unrepresentative of the inputs priced
and geographical coverage, and being bascd on inaccurate weights. The Stigler Report
(1961: 29} recommended a significant increase in research on construction deflation, and
suggested a residential deflator based on the price per square foot of a range of categorics of
new homes. This led to the adoption by the BEA in 1968 of a new, hedonic price index for
housing,

A number of alternative deffator have been developed. Allen (1985) used a price per square
foot index for deflating non-residential building, assuming that this is a good proxy for
output.  According to Allen’s (1985) estimates about half the decline in construction
productivity during the 1960s and 1970s was due to the overdeflation of construction output,
Cassimatis found that price indexes cannot provide adequate deflators for construction: “the
feeling persists that construction productivity is greater than the measurements show ...
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largely duc to the fact that there are no adequate price indexes that can be used as deflators of
the gross product” (Cassimatis 1969: 79-80).

Table 1. Representative Papers: Methodology of productivity analysis and measurement

Stigler Report (1961) Recommended a significant increase in research on construction
deflation

Cassimatis (1969) Argued that price indexes for construction based on unit numbers
atm arketpr icesc annotpr ovidea dequated eflatorsf or
construction

Stokes (1981) Found no conclusive evidence that real output was understaled

Allen (1985) Used a price per s quare foot i ndex for deflating no n-residentiat
building

Bowlbya nd Schriver Developed a hedonic price index for construction as an alternative

(1986) to the existing US deflators

Pieper {1990) Also ar gued that defiation byi nput pr ice i ndexes does n ot
produce suitable estimates of output at constant prices

Chau and Lai (1994) Measured t he r elative labour pr oductivity of ¢ onstruction f rom
Hong Keng national accounts data

Lowe (1995) Describes the estimation indexes of Statistics Canada

Allmon et. al. (2000) Means's cost manuals) were used to trace benchmark values for

construction tasks

Goodrum, H aas,a nd Developed ana lternative prooductivity m easure bas ed on

Glover (2002) individual work activities

Ive et. al. (2004) International comparison that addressed statistical data issues on
definition and labour force numbers

Briscoe (2006) |dentifies ar ange of problems with r eliable and ac curate d ata

coilection and statistical analysis

Crawforda nd Vogel Data constraints limit the ability to identify drivers of construction
{2008) productivity

Yu and Ive (2008). Findst hal B ritish indices measuret he pr ice m ovement of
traditional  building trades but a Imostc ompletelyi gnore
mechanical and electrical services

Pieper (1990} also argued that deflation by input price indexes does not produce suitable
estimates of oufput at constant prices and, given the cxtensive use of input price indexes as
deflators in estimating the constant price of output for the construction industry, productivity
measurement for this industry is problematic, to say the least. Pieper concludes that, for the
US, “evidence indicates an overdeflation of construction of at least 0.5% per year hetween
1963 and 1982.”

Chau and Lai (1994) developed a system for measuring the relative labour productivity of the
Hong Kong construction industry. Their approach used a method of measuring the relative
labour productivity of the industry, from national accounts data, and then derives the trend of
construction labour productivity. This discussion of relative rates of growth of labour
productivity uses an implicit price deflator for net output of the construction industry
obtained through double deflation, but does not discuss the nature of the price indexes used or
their applicability. The price indexes are based on a construction output price index and a
material cost index using the methodology developed by Chau and Walker (1988).

Lowe (1995) describes the use of estimation indexes by Statistics Canada, using surveys sent
to subcontractors, Around 100 different items are priced for five building types and cach of
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five elements has its own index. A recent analysis of British building price indices by Yu and
lve (2008) found that these indices measure the price movement of the traditional building
trades but almost completely ignore mechanical and electrical services.

Cammon (1994) questioned the accuracy of contractor statistics and Briscoe (2006) asked
“How useful and reliable arc construction statistics?” These papers identify a range of
problems with data collection and analysis, inchuding defining the scope and coverage of the
industry; measuring outputs across different types of activity; identifying construction firms;
measuring capital formation and capital stock, and inconsistent employment statistics.
Crawford and Vogel (2006) also draw attention to data limitations for productivity analysis,

REGIONAL AND SECTORAL EFFECTS ON IPRODUCTIVITY

Other hypotheses for the decline in construction productivity are a decline in the capital-
labour ratio (Blake et al. 2004), changes in the age-sex composition of the labour force
(Cremecans 1981), a shift towards non-union construction (Allen 1984), an increase in
government regulation (Tucker 1986) or cyclical and business cycle cffects, Project
characteristics such as the increased size and complexity of projects, resulting communication
difficulties, and fast-tracking projects where design and construction phases overlap also
affect coordination. There have been a few papers that address the cffects of these on
productivity,

Cremeans (1981) discussed a number of hypotheses that had been proposed to explain the
significant decline in construction industry labour productivity in the 1970's.0nly one of the
hypotheses, the increased proportion of younger, less expericnced workers, was supported by
the available data. Bowlby and Schriver’s (1986) analysis of US productivity data indicated
seven compositional changes in building, and they suggested that these would account for
much of the productivity stowdown.

Table 2. Representative Papers: Regional and sectoral effects on industry productivity

Cremeans (1981) Found younger, less experienced workers the main cause

Bowlbya nd Schriver Identified seven compositional changes in building, and these

(1986) account for much of the productivity slowdown

Tucker (1986) The increased size and complexity of construction projects

tve et al. (2004) The out put-structure of a ¢ ountry's ¢ onstruction industry w i
influence average labour productivity

Blake et al. (2004) UK ¢ onstruction has | ower ¢ apital per  workert han France,

Germany and the US

PROJECT-BASED NATURE OF THE INDUSTRY AND THE ROLE OF
PROJECT MANAGEMENT

A large number of papers have recommended that construction productivity could be
improved through the use of flexible organisation structures, favourable union attitudes,
higher workmen motivation, and improved overtime and change order strategies. Most of
these surveys found cost control, scheduling, design practices, labour training, and quality
control are the functions that arc consistently seen as having room for improvement. Often
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the fragmented nature of the industry is seen a hindrance to improving productivity (Ganesan
1984). However, Chau and Lai (1994) suggest that productive efficiency is increased by the
division of labour.

Borcherding (1976) identified the factors having an adverse cffect on construction
productivity as union attitudes, workman selection practices and motivation, inflexible
bureaucratic organisation structures, overtime; and change orders. Using these factors,
Herbsman and Ellis (1990) developed a statistical model of the quantitative relationships
between influence factors and productivity rates.

Table 3. Representative Papers: Project-based nature of the industry and the role of project

management

Borcherding and
Oglesby {1974)

Concluded well organised construction jobs which permit workers
to be productive lead directly o job satisfaction

Borcherding (1976)

Identified six factors having adverse effects on construction
productivity

Kellog et. al. (1981)

Argued that the fragmented nature of the industry impedes
productivity growth

Ganesan (1984)

Also argued fragmentation affects productivity

Hague (1985)

Found financial incentives and any other method for encouraging
productivity has had arguments for and against

Koehn and Caplan
{1887)

Productivity improvement efforis should be concentrated on
planning, scheduling, supervision, and labour

Briscoe (1988)

The quality of construction management is an important factor
which helps to explain low productivity

McFillen and Maloney

Found contractors did little to encourage good performance, so

(1988) workers reported little incentive to be highly productive
Herbsman and Elilis Developed of a statistical madel of gquantitative relationships
(1990) between influence factors and productivity rates

Chau and Lai {1994)

Argue the fragmented nature of the industry is often seen a
hindrance to improving productivity

Dai, Goodrum, and
Maloney {2007),

Foremen reporied project management factors having more
impact on their productivity, and craft workers reported factors

related to construction materials having more impact

Kochn and Brown (1986) argued that construction productivity is affected by a wider range
of variables which they divided into the six areas of management, labour, government,
contracts, owner characteristics and financing. Koehn and Caplan (1987) but focused on
small to medium size construction firms rather than large construction firms. The study
concluded that productivity improvement cfforts should be concentrated in planning,
scheduling, site and fabour management functions, Jenkins and Laufer (1982} also focus on
the management issucs, and discuss them in the context of motivation of workers. They
suggested that while motivation does not directly influence the rate of working, motivation
directly impacts upon the percentage of working time spent productively.

Arditi and Mochtar’s surveys of the top 400 US contractors in 1979, 1983 and 1993 identified
areas with potential for productivity improvement. The functions needing more improvement
mm 1993 compared with the previous survey were prefabrication, new materials, value
enginecring, specifications, labour availability, labour training, and quality control, whereas
those that were identificd as needing less improvement were ficld inspection and labour
contract agreements (Arditi and Mochtar 2000).
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Albmon et al. (2000) presented an approach to long-term productivity trends in the US
construction industry over the past 25-30 years, Means's cost manuals (the main US source
of estimating data) were wsed to trace the values for these tasks, and changes in these values
were taken as productivity trends. Unit labour costs in constant dollars and daily output
factors were compared over decades for each task. Direct work rate data from 72 projects in
Austin, Texas over the last 25 years were also examined. The combined data indicated that
productivity had increased in the 1980s and 1990s. Depressed real wages and technological
advances appear to be the two biggest reasons for this increase. Their data also indicated that
management practices were not a leading contributor to construction productivity changes
over time,

PROCUREMENT SYSTEMS AND THE EFFECTIVENESS OF
CONSTRUCTION INDUSTRY POLICY AND INTERVENTION

Some rescarchers have and identified institutional factors responsible for construction
productivity levels. Labour issues include organised labour, the competency of project
participants, the tendency of site management to spend more time providing information and
writing reports than actually managing the project, and the inadequacics of an educational
system which produces graduates with excellent skills in analysis and design but with little
knowledge of methods to turn designs into realitics (Tucker 1986). Other institutional issucs
arc the tendency of construction firms to become larger and more specialised, legal
restrictions on the management of construction projects and the complex regulatory regimes
the industry works under.

Table 4. R epresentative Papers: P rocurement and del ivery s ystems andt he ef fectiveness of
construction industry policy

Cassimatis (1969) The major factors af fectingt he ef ficiency of or ganisation i n
construction are institutional
Tucker {1986) Institutional issues were t he t endency of ¢ onstructionfirms to

become | arger and m ore s pecialised, legal r estrictions o nt he
management of construction projects and i nsufficient research in
construction and project management methods

Sidwell (1987) Described the Australian c onstruction i ndustry as t horoughly
conservative and slow to change in any fundamental way

Coxand T ownsend Constructionhas n otd evelopedt hes upplyc hains and

(1998). procurement metheds like other industries

Craig (2000) Compared traditional and D&B procurement for innovation
Dubois and Gadde The separation of design and construction creates inefficiencies
(2002)

The limitations of the traditional procurement method have contributed to the poor
performance of the construction industry and have prompted the development of alternative
procurement strategies designed to facilitate improvements in the way buildings and
structures are delivered (Cox and Townsend 1998). Craig (2000} concludes that the
traditional tendering process for building works does not encourage design innovation by
tenderers, because tendering rules produce direct price competition for a specified product.
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R&D, INNOVATION AND PRODUCTIVITY

The construction industry has not established an impressive track record in innovation or
technical advancement. The main effort in industry development has been concentrated in
procurement, planning, management and design improvements. Nevertheless, there have
been some significant advances in construction technology over the last two decades in both
the materials used and the application of new construction methods (Fairclough 2002).

Gann (2003: 554) cites Bowley (1960) as showing that construction is an adopter of
innovations from other industries, rather than a source of innovation, Bowley’s work “shows
that demand for new types of buildings is usually more important in stimulating radical
technical and organizational innovation than the need to crect better and cheaper buildings to
accommodate existing functions.” Cassimatis (1969) concluded his study with a chapter on
institutional factors, because “once the contract is awarded, competitive forces do not always
prevall” (Cassimatis 1969: 118). Institutional factors that affect the performance of the
industry are its openness to innovation and capturing of economies of scale.

Koch and Moavenzadeh (1979) focused on the role of technology in highway construction,
and found there had been substantial gains in both labour and capital productivity over the
previous 50 years in the US. They concluded that future gains in efficicncy can be expected
to be less than the previous gains, so new means of accomplishing technological change in
the construction industry are needed. Arditi (1985) conducted a study of large construction
firms to determine potential arcas for construction productivity improvement. One of the
study's conclusions was that more productive construction technology such as industrialised
building processes are important in achieving higher levels of construction productivity,

Hobday (2000) and Gann and Salter (2000) argue that the construction industry can, and
should be, more innovative, Many papers follow Tatum’s (1986) analysis of the industry in
terms of advantages and constraints to innovation, and despite the Tatum model of
construction jnnovation being two decades old it still captures many of the key features of
the discussion raised by more recent cfforts such as Reichstein et al. (2005), Fairclough
(2002) or Slaughter (1998). Ivory (2005) suggested that client will not be prepared to pay
for innovation.

Table 5. Representative Papers: Contribution of research and development and innovation

Rosefieldea nd Mills Arguet her ate oft echnological pr ogress i nt he construction

(1979) industry may be slow because buildings are heterogeneous

Koch and Mo avenzadeh  Focused on the role of technology in highway construction and

(1979) concluded new means of accomplishing technological change are
needed

Arditi (1985) Recommended areas that research should concenirate on

Tatum (1986) Construction has many features that favour innovation

Gann (1997) Discusses the rofe of government funded R&D

Gann and Salter (2000)  Construction has the potential to be more innovative

Fairclough (2002) Construction lags in R&D and innovation

Hobday (2000) Argues that the nature of construction projects and teams creates

opportunities for innovation

Zhi, H ua, Wangand  Seven factors influencing TFP growth in the construction industry
Ofori (2003) of Singapore over 1984-1997 were identified

Ivory (2005) Argued clients will avoid risk associated with innovation
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CONCLUSION

Construction productivity is an important topic, and an issuc both for the industry and its
clients. The rate of growth of productivity in the industry in OECD countries has lagged that
of other industrics for at least five decades, and the earliest studics that identified a problem
date from the late 1960s in the US with Cassimatis’ (1969) analysis of labour productivity
growth in construction between 1947 and 1967.

This paper has collected a wide range of previous research addressing a range of factors that
could affect productivity. The bringing together of these different literatures on
productivity analysis and measurement, project procurement and delivery systems,
construction industry policy and intervention, and R&D and innovation allows a broader
perspective on the construction industry’s productivity performance.

These competing explanations of the causes of low construction productivity growth can be
assessed in three ways: their completeness (whole of industry or part); their applicability
(time, place and circumstance); and their generality (a data artefact or not). Clearly, no
single explanation is complete, because cach one focuses on a specific issue. The diversity
of products and fragmented nature of the production process makes this perhaps incvitable,
however measurement issues are both prevalent and relavent accross all sectors of the
industry.

In terms of applicability, the breadth of management issues raised by rescarchers points to
some possible serious problems with both the management of projects and management of
workers.  After several decades of development of project management techniques the
average performance of projects does not appear to have improved greatly, with the more
recent research finding similar problems as those found in the carly work.

Lastly, it is possible that the R&D profile of the industry is as much an artefact of the data as
a real problem. Construction is an industry that readily adopts research developments in
other industrics, the usc of computers and the constant flow of new products from
manufacturers supplying materials and cquipment being good examples. R&D expenditure
within the industry will not be very high in this case.

While this review of the construction productivity literature is not complete, because this is
a very large field indeed, it has highlighted two key characteristics. The first is the
importance of measurement and data to the rescarch. More papers have been published on
these issues than any other and they continue to be central to the discussion about the
industry’s productivity performance. This belongs to a broader set of issucs about the
structure and use of price indexes in the national accounting framework, an arca where
construction economists might have an opportunity to make a contribution. Recently there
has been a shift from the usc of deflators and their effects on measured output (or more
precisely the ratio of output to labour input) to concern over the boundarics of the
production system and more accurate measurement of specific factors such as capital inputs
adjusted for quality and employment adjusted for firm size.

The second is the diversity of other issues raised that are suggested as affecting productivity.
Influences on productivity growth in the construction industry, apart from the nature of the
product, can be traced to the nature of the methods used in delivering and managing the
processes involved.  Construction is a labour intensive industry in comparison with
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manufacturing industrics, but there has been a significant increase in the prefabricated
component of construction, which could have been expected to fead to productivity growth.
Also, construction methods have tended to become more capital intensive as the number of
crancs and the variety of equipment and hand fools used has increased. However the
productivity growth that onc would expect to observe as a result of these trends has not
occurred, according to measurements of productivity growth by the major national statistical
agencies and reports like the UK studies by Ive et al. (2004) and Blake et al. (2004).

REFERENCES

Allen, §.G. (1985) Why Construction Productivity is Declining. Review of Economics and
Statistics, (67), pp. 661-69,

Arditi, D. and Mochtar, K. (2000) Trends in productivily improvement in the US construction
industry. Construction Management and Economies 18(1), pp. 15-27.

Allmon, E., Haas, C., Borcherding, J. and Goodrum, P, (2000} US Construction Labor
Productivity Trends 1970-1998. Journal of Construction Engincering and Management
ASCE, 126 (2}, pp. 97-104.

Blake, N., Croot, J. and Hastings, J. (2004) Mcasuring the Competitivencss of the UK
Construction Industry, Vol. 2: Industry Economics and Statistics, DTI, London

Bowlby, R. L. and Schriver, W. R. (1986) Obscrvations on Productivity and Composition of
Building Output in the United States, 1972-82. Construction Management and Economics,
4(1), p. 1-18.

Bowley, M. (1960) Innovation in Building Materials, London, Gerald Duckworth.
Briscoe, G. (2006) How uscful and reliable are construction statistics? Building Research &
Information, 34(3), 220-229,

Cannon, J. (1994) Lics and Construction Statistics, Construction Management and Bconomics,
Vol. 12, No. 4, pp. 307-312.

Cassimatis, P. J. (1969) Economics of the Construction Industry. Studies in Business
Economics No. 111, New York: National Industrial Conference Board, Ine.

Chau, K. W. (1993) Estimating Industry-Level Productivity Trends in the Building Industry
from Building Cost and Price Data. Construction Management and Economics, 11: 370-383.

Chau, K. W. and Lai, L. W. C. (1994) A Comparison Between Growth in Labour
Productivity in the Construction Industry and the Economy. Construction Management and
Economics, 12, pp. 183-185.

Chau, K. W. and Walker, A. (1988) The Mecasurement of Total Factor Productivity of the

Hong Kong Construction Industry. Construction Management and Economics, 6 (3): 209-
224,

197



Cox, A. and Townsend, M. (1998) Strategic Procurement in Construction. London: Thomas
Telford Publishing,

Craig, R. (2000) Competitive Advantage through Tendering Innovation. Australian
Construction Law Newsletter, 70: March, UTS Design, Architecture and Building.

Cremeans, J. E. (1981) Productivity in the Construction Industry. Construction Review, 27
(5), pp. 4-6.

Dai, 1., Goodrum, P. M. and Maloney, W. F. (2007) Analysis of craft workers' and foremen's
pereeptions  of the factors affecting  construction labour productivity. Construction
Management and Economics, 25:11, 1139-1152.

Dubois, A. & Gadde, 1..-E. (2002) The Construction Industry as a Loosely Coupled System:
Implications for Productivity and Innovation. Construction Management and Economics, 20
(7), 621-632.Fairclough, J., (2002). Innovation in the Construction Industry — a Review of
Government R&D Policies and Practices. Department of Trade and Industry, London.

Ganesan, S. (1984) Construction Productivity, Habitat International, 8 (3), 29-42.

Gann, D. M. (2003) QGuest editorial: innovation in the built environment, Construction
Management and Economics, 21, 553-5,

Gann, D.M. (1997) Should governments fund construction research? Building Research and
Information, 25, 257-267.

Gann, D.M. and Salter, A.J. (2000). Innovation in project-based, service enhanced firms: the
construction of complex products and systems. Research Policy, 29, 955-972.

Goodrum, P.M., Haas, C.T. and Glover, R-W. (2002) The divergence in aggregate and

activity estimates of US construction productivity, Construction M anagement and
Economics, 20, 415-423

Hague, D. 1. (1985) Incentives and Motivation in the Construction Industry: A Critique.
Construction Management and Economics, 1985 3(2) 163-170

Herbsman, Z. and Ellis, R. (1990) Research of Factors Influencing Construction Productivity.
Construction Management and Economics, 8(1), pp. 49-61.

Hobday, M. (1998) Product complexity, innovation and industrial organisation. Rescarch
Policy 26, 689--710.

Ivory, C. (2005) The cult of customer responsiveness: is design innovation the price of a
client-focused construction industry? Construction Management and Economics, 23, 861~
870.

Ive, G., Gruneberg, S., Meikle, J. and Crosthwaite, D. (2004). Measuring the
Competitiveness of the UK Construction Industry, Dept. of Trade and Industry, London.

198



Koch, J. A. and Moavenzadeh, F. (1979) Productivity and Technology in Construction.
Journal of the Construction Division, Proceedings of the American Society of Civil
Engincers, 105 (C04), December, pp. 351-366.

Koehn E. and Caplan, S. B. (1987) Work Improvement Data for Small and Medium Size
Contractors. Journal of Construction Engineering and Management, Vol. 113, No. 2, pp. 327-
339.

Lowe, P. (1995) Labour-Productivity Growth and Relative Wages: 1978-1994”, in Andersen,
P., Dwyer, I and Gruen, D. (Eds.) Productivity and Growth: Proceedings of a Conference,
Reserve Bank of Australia, Sydney.

Peiper, P.E. (1990} The Measurement of Construction Prices: Retrospect and Prospect, in Fifty
Years of Economic Measurement (ed. E.R. Berndt and I.E. Triplett), National Burcau of
Economic Research, University of Chicago Press, Chicago. pp. 239-72.

Reichstein, 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 Economigcs, 23, 631644

Roseficlde, S. and Mills, D. Q. (1979) Is Construction Technologically Stagnant?", in Lange,
J. E. and Quinn, D., (Eds} The Construction Industry: The Balance Wheel of the Economy.
Lexington Books, D.C. Heath and Co., Lexington, MA, pp. 83-111.

Sidwell, A. C. (1987). The Future For Building Education, Occasional Paper No. 3, The
Australian Institute of Building.

Slaughter, S. (1993) Builders as sources of construction innovation. Journal of Construction
Engineering and Management, 119(3), 532-49.

Slaughter, S. (1998) Models of construction innovation. Journal of Construction Engineering
and Management, 124(30), 226-31.

Stigler Report (1961) Price Statistics of the Federal Government: Review, Appraisal and
Recommendations, Price Statistics Review Committee, NBER, New York.

Stokes, Junior, H. K. (1981) An Examination of the Productivity Decline in the Construction
Industry. The Review of Economics and Statistics, 63 (4), pp. 495-502.

Tatum, C.B. (1986) Potential Mechanisms for Construction Innovation, Journal of
Construction Engincering and Management, ASCE, Vol. 112, No. 2.

Yu, M. K. W. and lIve, G. (2008). The compilation methods of building price indices in
Britain: a critical review. Construction Management and Economics, 26:7, 693-705.

Zhi, M., Hua, G. B., Wang, S. Q. and Ofori, G. (2003) Total factor productivity growth

accounting in the construction industry of Singapore. Construction Management and
Economics, 21:7,707 - 71 8.

199



CIB Joint International Symposium 2009

CONSTRUCTION FACING
WORLDWIDE CHALLENGES

Dubrovnik, September, 27-30



Introduction

This volume contains executive summaries of papers submitted to the CIB Joint International
Symposium, Construction Facing Worldwide Challenges, held in Dubrovnik, Croatia, from
September 27 to 29, 2009. The associated compact disk contains the full papers. This is the annual
meeting of two CIB Commissions and one Task Group:

- WO055 Building Economics
- W65 Organisation and management of construction
- TG65 Management of Small Construction Firms

The two commissions and the task group operate under the umbrella of International Council for
Research and Innovation in Building and Construction (CIB). CIB was established in 1953 as an
association whose objectives are to stimulate and facilitate international cooperation and information
exchange between governmental research institutes in the building and construction sector, with an
emphasis on those institutes engaged in technical fields of research. CIB has developed into a
worldwide network of over 5000 experts from about 500 member organisations active in the research
community, industry, and education, who cooperate and exchange information in over 50 CIB
Commissions covering all fields in building and construction related research and innovation.

The symposium is organised by the Faculty of Civil Engineering at the University of Zagreb, and it is
supported by several international associations: International Project Management Association
(IPMA) and International Construction Project Management Association (ICPMA), Croatian
Association for Construction Management (HUOG), and Croatian Association for Project
Management (CAPM).

The volume contains twelve sections according to the themes covered at the symposium:

Education and Training

Construction Performance

Economic Aspects of Construction

Information and Knowledge Management

Human Resource Management and Culture
Sustainable Construction

Management of SMEs

Academic and Industrial Collaboration

9. Project Portfolio Management in Construction Sector
10. Management and Economics of Complex Projects
11. Project Management as a Facilitator of Business Success
12. Construction Project Management at All Levels
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All the papers were reviewed by the International Scientific Committee and about 250 delegates
attended the symposium.

We would like to thank all the authors for their contributions. Our deepest gratitude goes to the
members of the Organising Committee, international members of the Scientific Committee, as well as
supporting associations, sponsor companies, and the City Council of Dubrovnik who made this
symposium possible.

Anita Ceric¢
Mladen Radujkovié
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