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Abstract: The complex dynamics inherent to the context of decision-making in the construction industry requires more rigorous application
of analytics. However, effective frameworks to facilitate such data-driven decision-making are noticeably lacking in the construction industry.
To address this lack, the Purdue Index for Construction (Pi-C) is introduced in this paper as a collaborative effort to facilitate and promote
data-driven decision-making in the construction industry. As a preliminary step, a hierarchical definition for health of the construction
industry is explored based on the results of a literature review, survey, and interviews. The developed hierarchical definition is then used
to propose a framework to benchmark, interpret, and analyze data associated with the status of the health of the industry. The proposed
framework is tested with existing publicly-available data to explore its effectiveness in improving decisions made in the form of policies
or strategies. The research results highlight the gap in the availability and frequency of data for analytics in the construction industry, the need
for benchmarking the dynamics of the industry as a coupled system, and the potential for using analytics. Therefore, topics within the
construction industry that require more-rigorous data collection were systematically explored. Policy-makers and strategy developers can
apply the proposed framework for data-driven decision-making using their preferred set of data as well as communication of data on trends.
Researchers can use this framework to further explore the dynamics of the health of the construction industry on topics such as sustainable
development or the diversity of the construction project areas. DOI: 10.1061/(ASCE)ME.1943-5479.0000409. © 2015 American Society of
Civil Engineers.

Author keywords: Purdue index for construction; Data analysis; Policies; Data communication; Sustainable development; Economic
factors; Social factors.

Introduction

The complexity of the construction industry as a loosely-coupled
system (Dubois and Gadde 2002) is apparent in the diversity of
the actors and their interactions as well as the diverse specialties
involved and the nonrepetitive nature of construction projects (Pries
and Janszen 1995; Baccarini 1996; Fernandez Solis 2008). The
complexity of the construction industry is coupled with its signifi-
cance in the global economy. Past studies suggested the importance
of the construction industry to economic development, albeit more
significant in impact in the developing rather than developed
contexts (Turin 1978; Wells 1985; Bon 1992; Raftery et al. 1998;
Ruddock and Lopes 2006; Giang and Pheng 2011). In the United
States alone, the construction industry accounted for approximately
3.82% of the gross domestic product (GDP) (BEA 2014) and pro-
vided 9.27 million jobs in 2013 (BLS 2014a). Regardless of the
magnitude of its contribution to the GDP, the importance of the
construction industry is highlighted by the vitality of its output to
address market dynamics in events such as recessions (Gregori and
Pietroforte 2015). Observing the dynamics of this coupled system

using a multifaceted approach could address the need of the indus-
try to better understand its complex nature.

Data-driven analytics has gained considerable attention in
recent years due to their ability to enable identification of trends
and patterns of dynamics for business intelligence. The major goal
of this surge is to promote data-driven strategy development and
policy-making (i.e., informed decisions based on the analysis of
data on trends and patterns of complex dynamics). Data-driven
decision-making substantially improves strategies and policies,
enables informed decisions, minimizes risks, and reveals hidden
valuable insights (Manyika et al. 2011), especially in complex con-
texts such as the construction industry. However, trend analysis in
construction has traditionally focused on financial dynamics and
cost trends with special emphasis on project-level analysis.

Several studies have explored the costs, associated variations,
and trends in the construction industry (Hwang 2009; Ashuri and
Lu 2010; Xu and Moon 2011; Cao et al. 2015) specifically focused
on project budget management while numerous other research
studies have focused on financial trends (Yee and Cheah 2006;
Jung et al. 2012b; Zilke and Taylor 2015; Yoon et al. 2015; Chiang
et al. 2015). The focus on financial and cost issues may not be
sufficient to develop long-term and comprehensive strategies (as
sequences of actions) or policies (as directions of actions). Long-
term policies and strategies should include broader issues such as
competitiveness and productivity and thereby expand the analysis
to the division of labor and specialties as suggested by classical
economists; increasing the emphasis on physical capacity invest-
ments as suggested by neoclassical economists; and capacity build-
ing through education, training, and technological progress
(Momaya and Selby 2009; Jung et al. 2012a; Deng et al. 2013;
Schwab 2013). A prerequisite to data-driven decision-making is
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an analysis of the trends for these broader issues beyond financial
dynamics and cost trends.

The focus of analysis in the construction industry until now has
been limited to mostly project-level data due to the project-driven
nature of the industry. Several studies suggested the significant im-
pact of industry factors on the profitability of firms (Schmalensee
1985; McGahan and Porter 1997; Hawawini et al. 2005) while
others argued for firm-level metrics as the major determinant of
profitability (Rumelt 1991; McNamara et al. 2005; Short et al.
2007; Yoon et al. 2015). Regardless of the contrasting theories,
both sides of the argument agreed on the fact that industry-level
factors are important to a varying degree to the performance of
firms. As a result, firms need to discover the significant factors for
their specific case at the firm or industry levels (Phua 2006), as
industry-level factors are vital for an average body of firms within
the industry whereas firm-related indicators are vital for overper-
formers or underperformers (Hawawini et al. 2005).

This paper presents research in progress at Purdue University to
investigate data-driven policy-making and the use of big data to
assess the health of the construction industry. The following section
is a discussion of the results of a preliminary survey conducted to
understand the status of the industry in the application of indices
and the suggestions to establish a definition of health at the industry
level collected from the survey of industry experts are discussed
in the subsequent section. Then, the proposed Purdue Index for
Construction (Pi-C) framework is introduced as a composite indi-
cator and discussed in view of the publically-available data along
with associated statistical tests and interpretations. Finally, the prac-
tical implications of the Pi-C framework for policy-making in the
construction industry are presented. The paper concludes with an
outline of the future steps for Pi-C as well as areas that need further
data collection within the construction industry. Fig. 1 shows the
logical structure of the research and its outcome.

Background

Current Status of Applying Indices

Indices are the medium used to facilitate communication of data
associated with trends, trajectories, or patterns of dynamics. For
example, the key performance index (KPI) aims to provide a
holistic framework to gauge the success of projects (Chan and Chan
2004), while Yu et al. (2007) proposed a model to compare the
performance of construction companies. The total recordable inci-
dent rate (TRIR) and the lost time incident rate (LTIR) are also

common indices for the construction industry to benchmark their
safety records or to observe their longitudinal trajectory (Bureau of
Labor and Statics 2013). A survey at the initial stages of this re-
search to gain insights into the status of indices in the construction
industry indicated that, in addition to the aforementioned indices,
the following commonly-applied indices in the construction indus-
try are being used: income per full-time equivalent (FTE), Engi-
neering News Record (ENR) cost indices, construction backlog
indicator (CBI), architecture billing index (ABI), construction in-
dustry confidence index (CICI), and construction industry round
table (CIRT) sentiment index, as well as the trends on prices of oil
or other commodities. The survey, reported in Naderpajouh et al.
(2012) hinted at the lack of extensive application of indices in the
construction industry with a focus on project-level indices as well
as the financial aspects of the industry. This gap is underscored
by the need for more-effective policies to assist the industry with
the increasing requirements of sustainability as well as the increas-
ing challenges for the industry to cope with market volatilities.
Although analysis of the performance and financial/cost trends is
important to securing short-term achievements, limiting the focus
of analytics on these issues may not guarantee sustainable success
(De Smet et al. 2007). The sustainable success of a firm requires the
application of analytics that include a combination of financial and
nonfinancial health indices (De Smet et al. 2007). A framework to
address this gap should (1) facilitate a combination of financial and
nonfinancial indicators at the industry level; and (2) be flexible
enough to address diverse challenges and focus areas within the
industry as a coupled system.

Composite Indices

Composite indices aim to address the need for communicating
trends that are complex and multifaceted in nature (Booysen 2002;
Nardo et al. 2005). A realistic approach to the strengths and weak-
nesses of these indices is necessary to effectively apply them in
construction decision-making. Stiglitz et al. (2010) suggested that
the composite indices can help users cope with the abundant in-
formation presented in dashboards or sets of indicators. However,
the focus of composite indices to cover a broad range of policy
issues often discounts meaningful interpretation of the indices
(McGillivray and Noorbakhsh 2004). In many cases the composite
indices lack a comprehensive meaning and remain as an aggregate
of their subindices. Therefore, the composite indicators can be bet-
ter applied as a navigator through the glut of information in dash-
boards and may be regarded as the first step to a closer look at the
broad spectrum of issues presented through their subindices
(Stiglitz et al. 2010). As a result, these indices are most useful
for raising the awareness of the industry for data-driven policy-
making and strategy development. Effective policies and strategies,
however, require further analysis of the components of the index.
For example, several composite indices were developed by
international organizations such as the United Nations (UN) or
the Organization for Economic Cooperation and Development
(OECD), which include indicators such as the human development
index (Noorbakhsh 1998; UNDP 2007), the ocean health index
(Halpern et al. 2012), the global competitiveness index (Schwab
2013), the index for economic well-being (Osberg and Sharpe
2002), the better life index (OECD 2013), the global innovation
index (Dutta 2012), the environmental performance index (Esty
et al. 2008), and the environmental sustainability index (Esty et al.
2005). These indicators are used to compare different contexts,
such as countries or periods of time, in terms of a specific phenome-
non, generally of a multifaceted and complex nature such as envi-
ronmental performance. Although useful for initiating a discussion
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or supporting a policy, these indices still require a complementary
backup of quantitative assessment for data-driven decisions.

Defining the Health of the Construction Industry

As shown in Fig. 1, the development of the proposed index began
with a literature review, a survey, and interviews. The survey in-
cluded an open-ended question to define the health of the con-
struction industry (Naderpajouh et al. 2012). Fowler (1995) argued
that the open-ended question encourages genuine responses and
eliminates the bias of the research group in the identification of
the properties of the phenomenon of health at the industry level.
To address the challenge of analyzing the responses, they were
coded into individual factors (Table 1) as suggested by Fowler
(1995). As a result, a list of mutually-exclusive and collectively-
inclusive factors was developed reflecting the survey responses to
providing a definition of the health of the industry. This list was
then reviewed to ensure inclusion of the measurable factors of
health. Subsequently, the list was revised through iterative coding
with the aim of achieving a collectively-inclusive and mutually
exclusive list of factors. The health factors were ranked based on
repetition of each individual factor within the provided responses.
Finally, the list of individual factors was discussed and reviewed
with selected industry experts for further verification. Table 1 pro-
vides the detailed results of the analysis based on the frequency and
associated percentage out of 45 responses. The individual factors
were then integrated into the proposed five-dimensional framework
of health (Naderpajouh et al. 2012), which describes the construc-
tion industry as healthy if:
1. The industry indicates positive economic and financial perfor-

mance (economic dimension);
2. The industry is stable and resilient to internal/external shocks

(stability dimension);
3. The industry offers a pleasant working atmosphere for indivi-

duals involved within the industry (social dimension);

4. The industry applies the best of the expertise, science, and
technology in the production process (development dimen-
sion); and

5. The industry produces high-quality products for its users
(quality dimension).

The proposed framework to define the health of the construction
industry is hierarchical in nature. The economy of the construction
industry is the bottom-line of its health, while its stability and resil-
ience to external shocks indicate a higher level of health to ensure
the stability of business activity. Both of these dimensions reflect
the economic metric of sustainability (Levitt 2007) as well as the
first and fourth outcome of the vision for civil engineering in 2025
as it refers to the role of the profession in society’s economic engine
and management of risk and uncertainty caused by natural events,
accidents, and other threats (ASCE 2007). The social health of
the industry is a higher-level indicator of its health and reflects the
working atmosphere for the workforce. This dimension reflects the
social metric of sustainability (Levitt 2007) and the role of the pro-
fession in society’s social engine (ASCE 2007). One level higher
concerns development and indicates the trends of the sustenance of
the industry by education and capacity building in human resour-
ces, application of innovative technologies, and research. This di-
mension reflects sustainable development in general (Levitt 2007)
as well as innovations and the integration of ideas and technology
across the public, private, and academic sectors (ASCE 2007). The
highest level of health at the industry level is achieved by the qual-
ity of its output, such as projects, plans, or designs. The satisfaction
of users with the output enhances the reputation of the industry, and
the consideration of environmental impacts ensures the sustenance
of the industry. This dimension reflects the environmental metrics
of sustainability (Levitt 2007) as well as stewardship of the natural
environment and its resources and leadership in shaping public
environmental and infrastructure policy (ASCE 2007). The five-
dimensional definition of health is the basis of the Pi-C framework
for data-driven policy-making in the construction industry. The
identified factors, extracted as the coded definition of health from
the survey, are integrated within these dimensions.

Pi-C Framework

The Pi-C framework is based on the proposed philosophy of health
for the construction industry and its five dimensions: (1) economic
(E); (2) stability or resilience (SR); (3) social (S); (4) (sustainable)
development (D); and (5) quality (Q). The focus of Pi-C is to gauge
the trajectory of the current health of the construction industry.
Therefore, the authors refrained from defining the thresholds of
health at the construction industry level; Pi-C indicates instead
the trajectory of the health status compared to a reference time,
chosen as December 2013. Pi-C is a composite index comprised
of five dimensions, and each dimension is composed of individual
variables that represent the identified factors of health (Table 1)
which, together, denote the final index for each dimension. Each
variable can be an existing or proposed index by itself. As a result,
Pi-C outlines the improvement or deterioration of the health of
the industry during each publication period through a cluster of
variables.

The mathematical implication of the core idea of Pi-C, which
is to observe trajectories without suggesting any thresholds or pre-
determined benchmarks, is an index in the form of a coefficient of
the current status of the variables to the status in the reference time
(t ¼ 0). This coefficient is established for each variable associated
with the health factors. Each dimension is then equal to the geo-
metric average of the corresponding variables. As shown in Eq. (1),
each dimension (DI) is defined based on i (i ¼ 1 to n) associated

Table 1. Factors That Define Health of the Construction Industry
(Reprinted from Naderpajouh et al. 2012, © ASCE)

Construction health factor Number
Percentage

(%)

Backlog volume 23 53
New investments 17 40
Competitiveness 16 37
Profitability 16 37
Growth trajectory 14 33
Employment/layoff rate 10 23
Diversity of projects 5 12
Academic education/non-academic training 4 9
Market willingness to pay 3 7
Safety 3 7
Average payback period 2 5
Availability of financing 2 5
Quality of work 2 5
Owner’s satisfaction 2 5
User’s satisfaction 2 5
Business activity in the industry 2 5
Union workers 1 2
Dependencies 1 2
Changes and modifications 1 2
Development 1 2
Contribution to GDP 1 2
Number of disputes 1 2
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variables (Ii;t) at current time (t) with the option to integrate the
correspondent weights (ωi)

DI ¼
�
100

Yn
i¼1

ωi
Ii;t
Ii;t¼0

�
1=n

ð1Þ

This approach not only bypasses establishing thresholds but
also normalizes different variables of Pi-C through distance to a
reference. Normalization is required in composite indices before
aggregation (Nardo et al. 2005). Each dimension of Pi-C is then
a ratio indicating the downward or upward trajectory of the health
from the reference point based on the selected variables. The Pi-C
index (πc) is the geometric average of all the dimensions Eq. (2).
The geometric average was selected due to the reduction of
compensability among the dimensions (Nardo et al. 2005). The
trajectory of each dimension by itself clearly may be beneficial
for policy-makers and strategy developers to trace the roots of
dynamics

πc ¼ ðE × SR × S × D × QÞ1=5 ð2Þ

A Pi-C value greater than 100 will indicate improvement of the
health of the industry compared to the reference point value as a
baseline, while a Pi-C less than 100 will signal a deterioration trend
in the health of the industry. Although Pi-C theoretically can have
any value between 0 (demise of the industry, t → E) and infinity
(boundless success of the industry, t → P), πc ∈ ½0;∞Þ, practi-
cally, the upper limit might be bounded

πc > 100; −limt→Pπc → ∞ ð3Þ

πc < 100; −limt→Eπc → 0 ð4Þ

As πc is a coefficient resulting from the division of two positive
numbers, Pi-C cannot be equal to any value below zero. However, a

Pi-C equal to zero translates into the worst scenario of the demise of
the industry in view of the selected variables. Development of a
Pi-C involves two major phases based on the proposed framework.
The scope of the first phase, which is presented in this paper, was
limited to development of the three dimensions of economic (E),
stability (SR), and social (S) since more research and data collec-
tion were necessary for the two dimensions of development (D) and
quality (Q). Fig. 2 depicts the current version of Pi-C as it gauges
the pulse of the industry, and the next section provides more details
on the applied variables at this phase (Table 2).

Data Collection

The selection of variables needs to ensure that the appropriate
alternatives are used to gauge each factor (Nardo et al. 2005). The
first phase of Pi-C involved application of the proposed framework
using publicly-available data for the first three dimensions (Table 2).
There were two major categories of variables: raw data and proc-
essed data. The applied variables in the form of raw data included
the following:

Construction spending indicates the total dollar value of con-
struction performed in each month in the United States and is pub-
lished monthly by the U.S. Census Bureau of the Department of
Commerce (U.S. Census Bureau 2014). This report is based on a
survey that covers all the construction, maintenance, and rehabili-
tation work performed each month. The cost of labor and materials,
architectural and engineering work, overhead, interest, and taxes
are included. The profits of contractors also are included within
the total value. Pi-C uses the not-seasonally-adjusted value of
construction spending to represent the cyclical nature of the con-
struction industry with seasonal fluctuations (Fig. 2). Using the sea-
sonally adjusted value would result in integration of its associated
assumption into the mode, but it can be used to observe short-term
comparisons.

P
i-

C

Time

Fig. 2. Pi-C phase one including three dimensions
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Construction backlog indicator (CBI), which is published quar-
terly by the Associated Builders and Contractors (ABC) indicates
the average months of outstanding work for the U.S. commercial,
institutional, industrial, and infrastructure construction industries
based on a survey of the industry (ABC 2014).

Employment statistics are elaborated by the U.S. Department of
Labor Bureau of Labor and Statistics (BLS) through its Job Open-
ings and Labor Turnover Survey (JOLTS). Within the economy,
construction is the major source of investment-related employment
(Barello 2014). Included in the BLS data are the total number
of hires and separations for different industries. Hires include all
additions to the payroll during the month such as newly hired and
rehired employees; permanent, short-term, and seasonal employ-
ees; part-time employees; and transfers from other locations. It ex-
cludes transfers or promotions within the sampled establishment
or subcontractors. Separations are employees separated from the
payroll during the calendar month and include layoffs, quits, ter-
minations of seasonal employees, retirements, transfers, or deaths.

In order to have a more-comprehensive view of the employ-
ment in the industry, the ratio of employment (hires) to separations
were calculated for the construction industry (Fig. 3). For example,
during 2009, the rate of hires did not change substantially in the

construction industry while separations decreased considerably,
resulting in improvement in overall employment. This ratio also
was compared to the national average of the same ratio (Fig. 3).
The results of the comparison indicated a net employment trend
for the industry compared to the net national trend. For example,
the construction industry not only improved during 2014 in terms
of employment, it also outpaced the improving national employ-
ment trends (Fig. 3).

Safety data are also published annually by the BLS, which
include injuries, illnesses, and fatalities for each industry sector.
These statistics are based on theBLSAnnual SurveyofOccupational
Injuries and Illnesses (SOII) (BLS 2014b) of 44 participating states
including the District of Columbia as well as data from the Occupa-
tional Safety and Health Administration (OSHA) logs of workplace
injuries, illnesses, and fatalities. In order to observe the trends, the
ratio of the national rate to the construction rates was calculated for
nonfatal and fatal incidents. The construction rate is the denominator
in the ratio since higher incident rates are not desirable. This change
aligned the direction of this variable with other variables.

Salary and compensation level, released as the Payscale Index
(Payscale 2014), provides the earnings of full-time, private industry
employees in the United States based on their total cash

Table 2. Current Structure of Pi-C

Dimension Independent indicators Variables (I)

Economic (E) New investment Construction spending by DOC
Stability (SR) Employment/layoff rate BLS employment

Backlog Construction backlog indicator by ABC
Diversity of project areas Gini-Simpson of construction spending by DOC
Competitiveness Gini-Simpson of revenues from ENR Top 400 contractors

Social (S) Safety BLS fatal incidents data
BLS non-fatal incidents data

Compensation Payscale index

Fig. 3. Employment trend (hiring/separations) in the construction industry compared to national trend
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compensation. The index assumes a 2006 average total cash com-
pensation equal to 100 as its baseline, but it does not consider in-
flation. It reports earnings trends for different industries and
different jobs. In order to have a comparative view of the industry,
the ratio of the Payscale Index for the construction industry to the
national was considered.

There were no available variables to represent some of the
enumerated health factors; therefore, in addition to the previously-
discussed variables, the following variables were developed for the
composite index.

Competitiveness in this research aims to indicate the status of
market oligopoly (Matsumoto et al. 2012; Chinowsky and Hoffman
2015) and was referred to by the surveyed industry experts as
(1) competitiveness in bidding, (2) market share, and (3) availability
of jobs with different sizes to allow different size companies to bid
with acceptable profit margins. Therefore, competitiveness was ap-
proximated by the market share and concentration and was gauged
through the distribution of revenues among the companies. The list
of top 400 contractors in the United States released every year
by Engineering News Record (ENR) (2014) was used to observe
the distribution of companies in terms of market share (based on an-
nual revenue). The diversity of revenues was gauged through the
Gini-Simpson Index of Total Revenue of top 400 contractors,
which was also suggested by Hirschman (1945) and Herfindahl
(1950) as the Hirschman-Herfindahl Index (HHI) and was used at
the firm level by Pitts and Hopkins (1982) and at the industry level
for international construction by Zilke and Taylor (2015).

Diversity of the project areas was gauged by the breakdown of
total construction spending published monthly by the U.S. Census
Bureau of the Department of Commerce (Fig. 4). An overview of
the breakdown of construction spending includes 16 categories of
construction project areas [Fig. 4(c)]. Residential construction com-
prises a major proportion of the dollar value put in place each
month as can be seen in the middle graph in Fig. 4(b). Diversity
was gauged through the Gini-Simpson of the total construction
[Fig. 4(a)], the percentage of the residential construction in the
total construction, and the minimum number of specialties (proj-
ect areas) that constitute more than 75% of total construction
spending (Table 3).

In order to perform additional analysis on the impact of the di-
versity of the projects, the Gini–Simpson first was regressed against
the Standard & Poor’s (S&P) Building and Construction Index. The
S&P Select Industry Index is an average of the measured perfor-
mance of a minimum of 35 stock data from the building and con-
struction index (S&P 2014). The results indicated different patterns
of correlation for diversity rates below 0.8 and above 0.8 (Fig. 5).
As the diversity rates below 0.8 were associated with the pre-2007
market crisis (Fig. 4), the negative trend observed in the diversity
range above 0.8 may be attributed to the pre-existing condition
of the markets and the efforts to revive it through diverse project
investments. In order to confirm this breakdown, two tests were
performed: the Chow test and the likelihood ratio test. In the Chow
test, the hypothesis of parameter stability (i.e., estimated parame-
ters of the regression model with the whole data do not vary with
the sample size) was rejected since the F value was equal to 22.66,
which was greater than the F value, 2.46, with a significance of 5%.
In the likelihood ratio test, the null hypothesis that the estimated
parameters are transferable regardless of the time was rejected at
a 99% confidence level. The outputs of both tests confirmed the
structural breakdown; therefore, a multivariate regression analysis
was conducted separately for after and before 2007 using the afore-
mentioned three different diversity metrics (Table 3) as independent
variables to estimate the average S&P Building and Construction
Index of each month as the dependent variable (Table 3). This

model investigated the hypothesis that the diversity of project areas
contributes to the future performance of the industry. The diversity
of project areas is important for construction companies along with
the size of the total construction spending because it suggests that
companies can diversify in the case of external and internal shocks
in any specific project area, such as the housing crisis in 2007, and
can spread the risks (Naderpajouh et al. 2012).

As indicated in Table 4, the analysis showed a high correlation
between the diversity measures and the near-future performance of
the construction industry represented through one-month lagged
S&P Building and Construction Select Industry Index. In addition,
the Gini-Simpson of diversity was statistically significant for both
analyses as it exhibited the highest t-stat, while the other two var-
iables were only significant after 2007 and therefore were removed
from the first analysis. The increase in the diversity of project areas
may be associated with a shrinking residential market share as well
as government actions to address the market crisis.

Validation of the Proposed Index

In order to ensure the statistical balance of the proposed index and
to verify the interrelation of the subindices, factor analysis (FA) was
conducted (Lawley and Maxwell 1971; Gorsuch 1983; Nardo et al.
2005). Since safety metrics are associated with different dynamics
and the data points were very limited for this factor (only six data
points for each year), they were excluded from the FA analysis.
Furthermore, some data, such as the ENR top 400 contractors, are
published annually while others, such as the construction backlog
indicator, are quarterly. In order to perform FA, the missing data
between years and quarters were reproduced assuming a linear
function. However, Pi-C itself uses the same value of the variable
for the whole period (year or quarter) so the effect of these variables
already appears in Pi-C in a stepwise fashion. The case-to-variable
ratio of FA analysis was 60∶6, which satisfied the significance
rule of more than 51 data-points (Lawly and Maxwell 1971). The
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was
equal to 0.625, and the highest variance inflation factor was equal
to 4.34, less than the threshold of 5 indicated by Nardo et al. (2005).

Two latent components were suggested based on the high and
moderate loadings (>0.5), while all the variables were accounted
for by the first component, except the construction spending
(Table 5). The weights of the subindices also were determined
based on the FA as a suggested data-driven weighting. Squared
factor loadings, as shown on the right side of Table 6, were applied
and suggested weights were calculated based on the contribution of
the variables to the overall variance (Nicoletti et al. 2000). The
weights derived from FAwere solely data-driven with little concep-
tual value (Nardo et al. 2005). Since the weights associated with
each variable did not vary a great deal (except for employment),
the first phase of Pi-C assumed equal weights with the option
for the users to enforce suggested data-driven weights. The authors
decided to move a level of compensation to the social dimension as
an indicator for satisfaction of individuals. Table 2 presents the cur-
rent structure of Pi-C including the developed dimensions, the
health factors from Table 1, and the variables used to approximate
the health factors.

Application, Interpretation, and Future Directions

Pi-C can be applied for data-driven strategy development in con-
struction companies and data-driven policy-making at the industry
level, as well as methodological exploration of future data collec-
tion needs. First, as a composite indicator, Pi-C can serve as a dash-
board for the industry to observe multifaceted trends within the
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Fig. 4. Trend of diversity of construction project areas

Table 3. Summary of Independent Variables for Analyzing the Effect of Diversity

Variable description Mean Standard deviation Minimum Maximum

Gini-Simpson of construction spending 0.803 0.06991 0.6505 0.8817
Percentage of residential construction 0.388 0.09472 0.2613 0.5749
Minimum number of specialties that constitute
more than 75% of total construction spending

6.605 1.1587 5 9
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industry and decompose the index for further details. As construc-
tion is not a fully regulated market, this framework can facilitate
data communication between different sectors. Periodic reports
on the trends of the composite index may reflect the dynamics
of the construction industry in view of the selected variables that
reflect goals such as sustainability. Construction experts can apply
these data in conjunction with existing sentiment indices, such as
the ENR CICI, and further explore the status of the health of the
industry for their strategy development for cases such as safety reg-
ulations, expansion to new project areas, and availability of jobs
in each area or availability of workforce. For example, in order to

cope with situations such as the 2007 market crisis, strategies could
focus on changes in the focus area (Tansey et al. 2014). Pi-C, its
dimensions, and variables, such as the diversity of the project
areas can support development of such strategies and enable a data-
driven approach to selecting the potential areas of expansion. The
proposed structure also can be used with a different set of variables
to gauge the dynamics of a company or a project or gauge their
performance based on the appropriate set of factors.

While Pi-C facilitates decision-making at the company level,
it places greater emphasis on data-driven policy-making at the
construction-industry level. For example, policy-makers and regu-
latory bodies can use Pi-C to enforce multidimensional objectives
within the industry to satisfy the requirements of sustainability and
shift the focus from only the financial trends. As a result, it can be
used as a data communication tool on policies for topics such as
union regulations, employee benefits, diagnosing market infla-
tions and dynamics in areas such as residential markets, or promot-
ing new markets such as renewable energy. The Pi-C breakdown
(Fig. 6) can be used to gauge the impact of policies in terms of
target goals (i.e., dimensions of health). The dimensions in the
example of Fig. 6 show that, although policies have not signifi-
cantly improved the economic dimension, the stability dimension
of health shows signs of recovery and improvement. As a result,
policy-makers, such as budget planners, can further decide on chan-
neling financial resources in different sectors of the construction,
such as renewable energy, while observing its social impacts. Fur-
ther exploration can lead to the source of this improvement in terms
of the health factors and associated variables.

The identified health factors (Table 1) also provide a foundation
to spot data-collection needs in the construction industry consider-
ing the needs delineated through the survey and availability of data.
The identified gap in the availability of data in the construction
industry is further illuminated by the application of Pi-C in an
analysis of trends and dynamics of the construction industry as well
as the importance of analytics to cope with increasing challenges at
the industry level. The need for data collection in order to gauge the
trajectory of the industry in terms of reference objectives, defined
as health dimensions, is therefore emphasized by Pi-C. Some of
these needs are being addressed in the next phase of Pi-C, including
the following: refining existing dimensions with broader and richer

Fig. 5. Regression of diversity of project area against S&P select
industry index with one-month lag

Table 4. Results of the Multivariate Regression Analysis for Diversity of Construction Project Areas

Time frame R-square Variable description Coefficients t-ratio P-value

Before 2007 0.7274 Gini-Simpson of the construction spending 12,007.486 9.384 0.0000
Constant −6,175.344 −6.84 0.0000

After 2007 0.7217 Gini-Simpson of the construction spending −124,410.181 −4.861 0.0000
Percentage of the residential construction −41,009.002 −3.205 0.0019
Minimum number of specialties that constitute
more than 75% of the total construction spending

309.147 2.546 0.0128

Constant 119,620.468 4.722 0.0000

Table 5. Correlation Matrix for Variables Used in First Phase of Pi-C (Except Safety)

Principal component
Construction
spending Competitiveness Backlog Employment

Diversity of
project areas

Level of
compensation

Construction spending 1 −0.134 0.056 0.107 0.348 −0.077
Competitiveness — 1 −0.861 −0.503 0.892 0.815
Backlog — — 1 0.523 −0.82 −0.883
Employment — — — 1 −0.458 −0.566
Diversity of project areas — — — — 1 0.718
Level of compensation — — — — — 1

Note: N ¼ 60, and p < 0.05.
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set of data; potential revisions; development of the two remaining
dimensions [i.e., development (D) and quality (Q)], as well as ex-
ploring variables that can replace the current variables to improve
the quality of Pi-C. A generic procedure for future research direc-
tions includes (1) selection of the health factors based on the results
of the survey on the definition of health in the industry (Table 1);
(2) formulation of a measurable definition of individual health fac-
tors; (3) development of the structure of the index for specific indi-
vidual health factors and associated variables; (4) validation and
statistical testing for the index development; and (5) integration of
the new health factors into Pi-C framework. For example, as can be
seen in Table 1, there is a need for indices to reflect capacity build-
ing in terms of human resources in the construction industry. This
need can be addressed through the development dimension (D) of
Pi-C and the collection of data on average training rates and edu-
cation levels within construction projects. Further work may also
include integration of inflation through the CPI, as well as historical
validation of Pi-C based on major events within the industry.
Cluster analysis also can be applied to group the periods of time
with similar dynamics, such as different recessions, and chrono-
logical comparison of the underlying dimensions of health in differ-
ent periods. The practical validation of the indices is a dynamic
process throughout the lifetime of the index. Many deficiencies of
the index, as a proxy to the real-world dynamic, may be refined
throughout time as a dynamic process so that the index would be-
come a closer reflection of real-world dynamics and would better
satisfy the needs of the market (Gasparatos et al. 2008).

Limitations

Regardless of the logic behind the framework of the composite
index, usually the selection of components is ad hoc (McGillivray
and Noorbakhsh 2004; Nardo et al. 2005; Gasparatos et al. 2008).
This research faced this challenge from two fronts: (1) there is no
framework to reflect dynamics of the construction industry; and
(2) the phenomenon of health is not defined clearly at the industry
level. This limitation of the composite indicators is justified by the
research objective as it aims to promote data-driven policies and not
to establish a scientific theory of causes and effects. As stated by
McGillivray and Noorbakhsh (2004), when the goal of a composite
index is to support policy or an advocacy-oriented approach to
highlight broader issues, then the statistical redundancy of using
variables that capture similar trends is less relevant. For example,
in the case of Pi-C, the variable for competitiveness did not provide
a significant variation. However, it was still included to reflect
potential changes in different periods given the importance of com-
petitiveness. Similarly, inclusion and exclusion of any variable
should be further justified. Inclusion of health factors and their
associated variables is justified in this research through the needs
identified by the survey and the availability of data. Justifications
for exclusion of health factors may be challenging since the number
of excluded factors are infinite. In order to address this issue, the
boundary of excluded factors was fixed to the survey results and the
factors suggested by the industry experts. Finally, it should be noted
that although the S&P Building and Construction Select Industry

Table 6. Results of the PCA

Principal component

Prior to squared factor loadings Squared factor loadings (scaled to unity sum)

Factor 1 Factor 2 Communality Factor 1 Factor 2 PCA Weights

Construction spending −0.054 0.989 0.912170212 0.00 0.98 0.21
Competitiveness 0.933 −0.112 0.228080932 0.87 0.01 0.18
Backlog −0.951 −0.002 0.250145967 0.90 0.00 0.19
Employment −0.666 0.029 0.118777129 0.44 0.00 0.09
Diversity of project areas 0.863 −0.354 0.252849483 0.74 0.13 0.15
Level of compensation 0.924 0.009 0.237976276 0.85 0.00 0.18
Explained variance 3.8991 1.036 — — — —
Cumulative (%) 64.99 82.25 — — — —

Note: Rotation converged in three iterations.

Fig. 6. Pi-C reporting example
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Index is the only publicly-available data for the performance of
construction companies, it has a limited pool from which to re-
present the industry as a whole. Therefore, further statistical analy-
sis to explore the impact of diversity could be performed through
more-extensive financial data from construction companies. This
limitation also extends to the frequency of data as some variables,
such as safety indices, are not available for each month.

Conclusions

This research intended to open the discourse on the observation
and analysis of trends in the health of the construction industry.
The need for the application of analytics is highlighted by the
complexity of the industry, its importance in the global economy,
observation of recent fluctuations, and its potential impact on the
industry, as well as the increasing requirement for sustainable de-
velopment within the industry. After a survey to identify the indi-
vidual factors that define the health of the construction industry,
the Pi-C framework was proposed as a composite index to gauge
the health of the construction industry. Furthermore, the framework
was tested with the publicly-available data to explore its applica-
tion. Pi-C aims to address the need for observing broader issues that
cover the requirements of sustainability within the construction in-
dustry. It focuses beyond the current financial status of the industry
and extends its emphasis to long-term trends, the fundamental re-
sources needed for future stability, and the capabilities required to
sustain growth and development.

This effort is a continuing initiative at Purdue University and
aims to provide a gateway to data-driven policy-making and strat-
egy development in the construction industry. While Pi-C can be an
indicator for the overall health of the industry, practitioners can use
it to further explore the trajectories of different dimensions of health
as well as its constituent health factors and associated variables.
The proposed framework can facilitate the application of analytics
in the decision-making process in the industry and can highlight
the areas that need further data collection. The proposed index
can be applied at different levels of governance to facilitate com-
munication of trends. Researchers can also use Pi-C to explore
the dynamics of this coupled system and to promote data-driven
policy-making.
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