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EXECUTIVE SUMMARY

Construction productivity .trends carry immense consequences for the economy as
a whole. However there is little scholarly consensus concerning even the direction of
such trends. The main objectives of this report are to: (1) présent an approach to studying
long term productivity trends in the US construction industry; and, (2) provide a
preliminary indication of such trends over the past 25-30 years. Subsequent, extended
statistical studies are suggested that may be based on the approach of the selected work .
presented here. Labor cost and output productivity trends are tracked for tasks that
represent different trades and differing levels of techmological intensity within the
building construction sector. Specific tasks dealt with range from a zero technology
impact task, hand trenching, to compaction with a Sheepsfoot Roller. Means’ Cost
manuals were used to trace the benchmark values for these tasks. These values reflect
productivity trends. Unit labor 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. Increasing the direct work rate usually
increases construction productivity. The combined data indicate that productivity has
increased in the 1980°s and 1990’s. Depressed real wages and technological advances
appear to be the two biggest reasons for this increase. The data also indicate that
management practices were not a leading contributor to construction productivity
changes over time. Subsequent studies are required to add weight to these observations.
They can be based on the approach presented here.
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CHAPTER 1: INTRODUCTION

1.1 Background

Labor productivity is of central importance to the economic health of the United
‘States’ economy. -Due 1o the size of the éonstruction industry, productivity changes
within it have sigrliﬁéant direct effects on the national productivity and economic well
being of the US. In 1997, new-construction-put-in-place accounted for roughiy 7% of the
GDP, and if one includes remodeling and repair work the total rises to over 10% of GDP
(Barry 1998). In addition, Over 10 million people are employed in the U.S. Construction -
industry including design, new construction, renovation construction, equipment and
materials manufacturing, and supply, thus making the design and construction industry
the largest manufacturing industry in the United States (Bernstein and Lemer 1996).

This influence explains why many have expressed concern over productivity in
the construction industry. Perceptions of productivity trends vary widely within
engineering academia, industry, and economic academia. One seminal industry
document has inﬂﬁenced the belief that construction labor productivity has been
decreasing for decades (Business Roundtable 1988). Current perceptions of those in
industry have not been well quantified, however two industry leaders have stated that
productivity has increased in the last 20 years (T Kennedy, Chauman of BE&K Inc.; and

'D. McCarron, President of International Brotherhood and Carpenters and Joiners, Oct.
30, 1998, Austin, TX.). Economists are split, with many questioning the existence of any
construction productivity decline (Eisner 1994, Griliches 1988), while others speculate as
to the causes. Clearly there is a lack of agreement and understanding concerning this
critical issue. Construction labor productivity remains one of the least understood factors
in the American economy. As a reflection of this, The Bureau of Labor Statistics (BLS)
maintains productivity indices for all significant sectors of the economy except for the
construction sector. The BLS states this is due to a lack of “suitable data”(Jablonski,
1998).

There has been much work identifying the factors that affect productivity.
Ineffective management has been cited as the primary cause of poor productivity rather



ghan an unmotivated and unskilled workforce (Sanvido 1983). Consequently, there has
been significant research on how to make management more effective in supporting
craftsworkers in the field. There is no doubt that management effectiveness ultimately
determines profitability in most cases. Four primary ways of increasing productivity
through management include: (1) planning; (2) resource supply and control; (3) supply of
information and feedback; and (4) selection of the right people to control certain
functions (Sanvido 1983). '

1.2 Objectives

This report has two main objectives. First, a method is pf0posed to study long term
productivity trends in the US construction industry. Using this method, an analysis of the
productivity trends over the past 25-30 years is then presented. Additional statistical
analysis based on the approach of the selected study presented here is underway.

1.3 Scope

The American Association of Cost Engineers defines productivity as a “relative
measure of labor efficiency, either good or bad, when compared to an established base or
norm.” While this relative nature of productivity creates great difficulties in tracing it as
an absolute value over time, it is possible to gather information on movements of the
established base, or benchmark, values. This report focuses on such benchmark values.
Occasionally, productivity changes over a period of time necessitate adjﬁsmzent of the
benchmark so that it continues to provide a realistic and useful point of reference. As

" such, changes in the benchmark values reflect broader trends in the nature of productivity
itself.

1.4 Methodology

The benchmark values considered for the purposes of this study were the unit

‘labor cost and unit output figures given in Means Building Construction Cost Data,
published by R.S. Means Company. Contractors lackingl complete internal data use
 these numbers as reference values for purposes of cost estimation. These two measures

reflect two different types of productivity. Unit labor cost figures provide an indication
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of productivity as it relates to capital resousces. Unit output figures measure efficiency of
labor application on the job-site.

From a national perspective, output growth in the economy as a2 whole has varied
in rate over the pasf several decades (US Bureau of Labor Statistics, 1998). During the

- expansion of the early post-WWII period, output per labor hour grew at an average rate

of 2.8%. It slowed considerably during the 1970s, however. Following this slowdown,

output has only grown at an average of 1.1% yearly. In the late 1990s, output has grown

more swiftly again, but it is difficult to determine if this willbe a lohg—term trend.

In order to develop an approach to studying long term construction lﬁbor
productivity trends, an initial decision was made to: (a) choése a limited number of
representative tasks and (b) to use a long series of work sampling studies to track direct
work rate. Selection of tasks to be studied was focused on achieving a range of
technological intensity while maintaining variety in terms of trade and sector.
Technological intensity of a task is roughly defined as the ratio of equipment to labor cost
per unit output. A more thorough definition might account for other factors as well, such
as complexity, skili level required, planning required, and interaction with other tasks.
For subsequent studies, technology should be precisely defined and its measurement
specified.

In covering heavy construction, soil compaction by sheepsfoot roller was chosen.
This provided an example of a task in which technology has flayed a remarkable role in
productivity change. At the other extreme, hand-trenching was included due to its
inherent lack of technological change. This task also reveals real monetary compensation
trends for the very lowest paid construction labor. Data for steel pipe installation and
acoustic ceiling tile installation were both collected to examine areas with differing levels
of technological intensity.  In order to include residential construction, 2 x 4 Stud Wall
Framing was chosen. Open Web Joist.assembly, performed by a number of trades,
represented commercial construction. _

Generalized data on output for construction tasks and their costs has been
available for several decades through cost-estimation manuals. Such manuals are not
intended for productivity studies, but they provide one of the best sources for time-series
data on productivity that is publicly available. Means’ Building Construction Cost Data,




the particular manual selected, is a standard industry reference used in cost-estimation.
Using this type of data source provided consistency in data collection and simplified
output comparisons across tasks. )

The Consumer Price Index was then used as the deflator in converting cost figures
into real terms, with 1990$ used as the reference. ! Often in adjusting construction prices,
the cost indices published by Engineering News Record are used. However, the CPI
provides the more universal constant value figure desired, as opposed to a narrow,
industry specific, conversion factor.

In order to compare the pmducﬁﬁty trends examined in thé Means Estimation
Manual, data relating to direct work rates from 72 projects in Austin, Texas over the last
25 years of work sampling studies were also examined. The direct work rate is a

percentage of time on such productive actions as erecting formwork, tying reinforcing
| steel, and placing concrete. Other work activities such as transporting materials and tools
or getting instructions are considered support time. Finally, when the workforce may be
waiting or taking a break, this is considered idle time. Direct work rates are a measure of
efficiency in terms of time, therefore increasing the direct work rate usually increases
construction productivity.

! Some feel the CPI overstates inflation, and some also feel that wages reflect a more pro-cyclical pattern if
the CPI is used as opposed to other inflation deflators (Abraham 1995).
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CHAPTER 2: REVIEW OF FACTORS AFFECTING
CONSTRUCTION LABOR PRODUCTIVITY

Defining productivity is not a simple task. Marketable output was essentially the
main measure used for analysis within this report. Focusing on such a simple indicator
given the complexity of the modem economy can be dangerous. Under normal economic
circumstances, an expansion of the economy must be accompanied by a pmportiohal rise
in productivity, or inflation will inevitably set in. However, over the past 7 years the USl
economy has grown at a robust rate of approximately 2.5% while inflation has remained
in check. Many economists, including Federal Reserve Board chairman Alan Greenspan,
reject the accuracy of such a productivity index claiming that the math leaves no other
choice (Uchitelle 1997).

The remainder of this report is focused on the compilation and analysis of the
productivity data related to the construction activities described earlier. First, however,
factors affecting productivity are reviewed. It is the myriad factors that exercise
influence over construction productivity that creates the difficult nature of the problem.

2.1 Project Uniqueness

Projects in construction are never designed or built exactly in the same manner as
previous projects. Environmental factors such as the landscape, weather and physical
lmﬁdn force every project to be unique from its predecessors. There are also aesthetic
factors that create uniqueness from project to project. Such factors have a significant
impact upon major project characteristics. While most construction personnel! find this
uniqueness to be an attractive element for a career in construction, it can have an adverse
effect upon construction productivity. Project uniqueness requires modifications in the
construction processes. These modifications require workers to go through a learmning

curve at the beginning stages of each project activity.
2.2 Technology

Technology has had a tremendous effect on overall productivity. All but the most

basic of tasks on a site have seen changes due to advances in technology over recent



years. Tools and machinery have increased both in power and complexity. These
advances in technology can significantly modify skill requirements. This can create
difficulties in separating the contributions of technology, management, and labor to
productivity.

Introducing new technology can be more difficult in the construction industry
than in other industries. Innovation barriers such as diverse standards, industry
fragmentation, business cycles, risk aversion, and other factors can create an inhospitable
climate for innovations. In many mgioﬁs of the country, 1abor costs for many skills are -
relatively low. There is less motivation té automate a task when the labor associated with
the task 1s not expensive. |

Due to such impediments, firms are naturally reluctant to try 2 new technology,
especially if it amounts to putting the entire company on the line. Should the new |
technology prove effective, the firm gains only a temporary strategic advantage. Once it
is ‘proven, other bidders can quickly begin to adopt the technology. Gestation periods can
vary widely depending on the market force behind the innovation and other factors. This
cycle is typical, and is one reason for the step change nature of construction productivity

changes for individual activities or tasks when technology is the main factor.

2.3 Management

Management complicates progress in productivity within the construction
industry. Past studies found that poor management was responsible for over half of the
time wasted on a job site (Business Round Table 1983). Good management is required
for profitability and success. |

2.4 Labor Organization

Cross training and multiskilling can reduce unit labor costs (Burleson 1997).
Contracts that create flexible work rules on the job-site promise productivity benefits as
well. Barriers between trades have historically been a source of problems in construction.
Reduction in the percent of the workforce comprised of organized labor and improved

project agreements with remaining construction labor organizatiéns have reduced this
problem.



2.5 Real Wage Trends

Real wages have fa.ueﬁ in the construction industry at 2 more rapid pace over the
past 30 years than have wages for most American workers. An increasing percentage of
open and merit shoﬁ work partially drove this downward trend. It is estimated that union
labor declined from approximately 70% of the construction work force in the 1970s to
-20% in the 1990s. Wages in real terms were driven down as shown in Figure 2.1 (Slater
1997). Additionaily, total compensation rates may compare with other industries even
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Figure 2.1: Trends in Real Wages

less favorably than wage rates suggest, since construction industry work is often sporadic,
while tmn#portation and moving costs are higher. Older craftsmen have retired, and
younger entrants to the labor pool increasingly choose career paths other than
construction, creating a skilled labor shortage which is plaguing the industry (Business
Round Table 1998). This trend has been compounded by the tendency of workers in the
construction industry to retire at an earlier age than those in other industries (CPWR
1997). Not only is construction drawing a lower proportion of potential workers, but the
total size of the potential worker pool also shrunk during the early 1990s due to a
decreasing number of 18 to 24 year-olds entering the job market (Emerick, 1989).



2.6 Construction Training

There is currently a lack of formal training in construction - the lowest of any
major sector of the economy (CPWR 1997). This lack of training is due to practical
concemns such as employers completing the increased percentage of non-union work. In
general, the work force of contractors is highly mobile. For this reason, contractors are
often reticent to invest capital to train those who may soon be someone else’s employees.
The result may be a decrease in the construction workforce average capability level. It is
unclear how this affects productivity. More effective utilization of large narrow skilled
and core multiskilled workforces may even result in higher productivity on some
projects.



CHAPTER 3: CASE STUDY AND WORK SAMPLING ANALYSIS

3.1 Case Studies

As noted, Means’ Cost manuals were used to provide the data to analyze
productivity trends in the U.S. Construction industry over the past 25-30 years. Labor
and output productivity were tracked for residential framing, commercial web joist

- construction, compaction, hand-trenching, welded steel pipe, and ceiling tile installation.
'I"hese activities were chosen to sample a wide array‘ of technology intensities. The wages

are adjusted for inflation using the Consumer Price Index.

3.1.1 Framing Productivity in Housing Construction

Housing construction comprises a significant portion of overall construction -
activity. In 1994, 63% of all private sector construction by value consisted of residential
construction (Anderson 1994). Productivit)_r in this area has profound effects on not only
the industry, but on society at large. Increased broductivity could lead to more affordable
housing. ‘

Different subcontractors must perform the carpentry, masonry, electrical,

- mechanical, and earthwork processes to name only a few. While the market share of
prefabricated joists, roof trusses, and other subsystems, as well as manufactured housing
is growing. This likely has a positive impact on housing productivity, however the
industry is still largely dominated by small independent contractors. Such fragmentation
is partly due to the regulatory situation. For housing construction, differing codes exist
throughout the United States creating additional roadblocks to standardization that could
potentially increase productivity (Anderson 1994). 7

Framing costs were examined over the past 30 years as an indicator of
productivity within residential construction. Framing is considered to have medium to
low technological intensity. While it is only one of many operations carried out in the
construction of a residence, framing constitutes an important task similar to several others
performed by carpenters -- a trade in which productivity affects many different stages of

_the construction process. The average house requires only 1,500 to 2,500 linear feet of



lumber for outside framing walls (Walker 1995). This is roughly equivalent to between 1
and 1.6 MFBM?, meaning that such an operation could be completed within the span of
only a few days for the average house at the productivity rates contained in Means.

It is important initially to note the imer_action between the cost of framing labor

- and the business cycle, as can be seen in Figure 3.1 (Darnay 1994). Even though housing
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_ Figure 3.1: Housing Starts and Framing Labor Costs
starts may decrease during recessions, the real cost of framing labor has a general

tendency to increase during these periods. During recessions, the companies can no
longer afford to keep all their employees and the most skilled laborers are those they‘l
keep. These most skilled members of the work force also generally constitute the most
highly paid. | |

If it is true that the work force is more efficient during such recessions, then this
points to a typical discrepancy in the Means’ data (Figure 3.2), since éfﬁciency appears to
be constant throughoﬁt, This chart demonstrates graphically both the accuracy of Means”
asa real-time‘indicator of labor costs and one of the ways in which it is inadequate as a

'real-time indicator of output. The work force consists of only the most productive

2 One Foot Board Measure (FBM) is equivalent to the volume of one square foot of lumber one inch thick,
or a 1/12 a cubic foot of lumber, One MFBM equals one thousand FEM.
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