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Abstract: The construction industry is high amount of cash flow which creates high financial leverage. To thrive in this
industry under the pressure of global market competitions and the impact of profit margin compression, determining a
higher cost efficiency module becomes essential for construction operations. In this study, 27 Taiwan OTC construction
companies are examined using the Stochastic Frontier Analysis during 2002-2009. By using the regression model and the
translog cost function to evaluate the cost inefficiency, equipment cost, and firm scale. The results of this study suggested
that: (i) the cost efficiency showed that there was still a room for improvement, (ii) reduce higher labor capacity can use
subcontracting, (iii) larger firms may be more cost efficiency, and (iv) increase the cost efficiency by reducing equipment
costs. It is hoped that through the findings of this study, we could attract the attention of government departments to im-
prove their development strategies for the construction industry; at the same time, these study findings could also suggest
construction companies to improve their management strategy and improve their cost efficiency by reducing their operat-

ing expenses and risks.
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1. INTRODUCTION

The construction industry is high density labor force and
collaboration with different upstream and downstream indus-
tries. A construction often requires manpower, machinery,
equipment, materials and transportation. Harrison [1] pro-
posed construction industry is heterogeneous and complex
nature of its output; almost every project in construction is
unique. It is exceedingly difficult to find a uniform measure
of the quality of construction projects.

This collaboration between different fields creates devel-
opment and growth in related industries. Due to these fac-
tors, the construction industry is high amount of cash flow
which creates high financial leverage. Due to the globaliza-
tion of markets, more and more countries are joining the
World Trade Organization (WTO); Taiwan, too, has joined
WTO in 2002. However, by joining WTO, Taiwan’s con-
struction industry, composed of mainly small and medium
sized enterprises, is now competing against the world’s mar-
ket, including China’s market. Now Taiwan’s construction
industry faces international construction firms that have ad-
vanced technologies, better management systems, and more
funds. Some companies even compete in Taiwan’s construc-
tion market with cheaper labor. Furthermore, the world eco-
nomic crisis has also been affecting Taiwan’s construction
industry, reducing the profit rate and resulting in bankruptcy
of many construction companies. In order to manage and
survive through this hard time, the construction industry
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must improve their cost efficiency to acquire better contracts
and profits.

In recent years, many efficiency measurements captured
a great deal of attention. The research has seen rapid growth
in the number of studies applying frontier efficiency methods
[2]. Thore et al. [3] used the Data Envelopment Analysis
(DEA) and productivity method to analyze the relationship
between operation efficiency and productivity of American-
brand computer companies. The study showed that compa-
nies such as Apple, Compag, and Seagate all have high
amount of efficiency; however, companies with lesser effi-
ciency are increasing their sales and market share. The rea-
son is because these companies strategize to sacrifice their
efficiency in productivity to focus more on increasing sales.
Karlafits [4] used the DEA to evaluate the efficiency and
effectiveness of urban transit systems. The results allowed
the administrators to organize their bus service efficiency
according to their ranking systems to help evaluate the sys-
tem’s progress to achieve the public service goal. The results
were also able to help monitor and improve the transporta-
tion management system. Yoshidaa and Fujimoto [5] used
the DEA to evaluate the efficiency of Japanese airports, and
concluded that the local airports have lesser efficiency com-
pared to international airports. Tong and Chan [6] aimed to
empirically examine the changes in production efficiencies
of China’s township and village enterprises between 1988
and 1993 with particular reference to the spatial disparity of
these changes. This study was able to conclude that the
coastal regions of China have higher productivity efficiency
than those of the inland regions. Li and Hu [7] used the Sto-
chastic Frontier Analysis (SFA) to establish a theory model,
evaluating small and medium sized enterprises in Taiwan
and China, and the relationship between local technology
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efficiency and manufacture locations. The results suggested
that higher technology efficiency can attract oversea inves-
tors, and can also reduce the impact of high salary and setup
cost. Li et al. [8] used the SFA to evaluate the relationship
between the technology efficiency of banks and the govern-
ment’s share in these banks. Three different types of banks
were evaluated; national banks, private banks, and mixture
banks which the relationship between government sharehold-
ing and the rate of nonperforming loans. The conclusion of
this research is that national banks can benefit and improve
their technology efficiency by adapting methods used by
mixture banks.

The concept of cost efficiency can be traced back to Far-
rell [9], who originated many of the ideas underlying DEA
[10]. Vennet [11] used the stochastic frontier cost function to
evaluate the 492 cases of mergers and acquisitions of credit
institutions in the European Commission during 1988-1992.
The results showed that higher cost efficiency was signifi-
cant only when credit institutions with similar scale of suc-
cess merged; the act of acquisitioning another bank does not
create an economics of scale. Cummins and Zi [12] used two
different methods to evaluate the efficiency of life insurance
companies. One of the methods was the econometric estima-
tion of average response methods, using translog cost func-
tion to determine the scale efficiency of these companies; the
other method was the DEA method. The research indicated
that smaller companies showed an increasing return to scale
while the bigger companies showed a decreasing return to
scale. Camanho and Dyson [10] used the DEA method to
evaluate the cost efficiency of subsidiary banks. The results
obtained in the case study showed that the DEA models can
provide robust estimates of cost efficiency even in situations
of price uncertainty. Manlagnit [13] examined the cost effi-
ciency of Philippine commercial banks using stochastic fron-
tier analysis and specifically incorporating risk and asset
quality measures in the estimation. The results showed sub-
stantial inefficiencies among domestic banks and that risk
and asset quality affect the efficiency of banks. Hernandez-
Sancho and Sala-Garrido [14] used the DEA method to
evaluate the efficiency of wastewater treatment plants, aim-
ing to improve the sewage recycling process. The research
indicated that maintenance cost and waste management cost
were the most important factors that affect the efficiency of
wastewater treatment plants. Puig-Junoy [15] used the DEA
method to evaluate the cost efficiency of 94 acute care hospi-
tals approved by the Ministry of Health in Spain. The re-
search was aimed to improve the cost efficiency of the hospi-
tals by privatization of the hospitals and implementing man-
agement policies.

There have been several researches of the efficiency
measurement in construction industry. Chau and Wang [16]
used the DEA method to evaluate the productivity efficiency
of construction firms in Hong Kong .The results showed: (i)
larger firms could produce more efficiency than smaller
firms, (ii) companies used mechanization to improve the
growth efficiency, and (iii) companies used subcontracting
and outsourcing to improve productivity efficiency. Chau et
al. [17] used the DEA method to evaluate productivity effi-
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ciency of construction firms in Hong Kong. The results
showed: (i) larger firms were more efficient, but the scale
effects were exhausted up to a certain size; (ii) professional
outsourcing produced better productivity efficiency; and (iii)
more capital intensive firms tended to have lower productive
over time. Sueyoshi and Goto [18] used the DEA method to
evaluate the construction industry policies in Japan. The re-
search indicated that Japanese construction companies have
high amount of labors, and the industry were the main sup-
port of the local economy. For example, the construction
industry in Japan made 5.1% of the Gross Domestic Product
in year 2005. The research also showed that in order to avoid
bankruptcy in the construction industry, the Japanese gov-
ernment supplied road construction contracts to support ma-
jor construction companies; however, during the period of
this research, it showed that the government supports were
not sufficient to help the construction companies’ worsening
financial performance. Chiang et al. [19] used the input-
output analysis and DEA method to evaluate the construction
department’s financial performances in Japan. The research
was aimed to improve the government policies and reduce
risk factors. EI-Mashaleh et al. [20] used the DEA method to
evaluate the safety efficiency of every contractor aiming to
transform inefficient contractors into high efficiency contrac-
tors.

Due to the project uniqueness and high risk factors of the
construction industry, the measurement of efficiency weren’t
as simple as measuring input and output in manufacturing or
service industries. The data which were needed to measure
efficiency in the construction industry include labor force,
machinery, material, etc.... These data were hard to acquire
in mass, and were also hard to converge for analysis pur-
poses. This is why there are few researches related to con-
struction industry cost efficiency.

In this study, the cost efficiency of construction compa-
nies was evaluated by using the data from their financial
statement. The purpose of the study was to: (1) evaluate the
cost efficiency of the construction industry in Taiwan; and
(2) analyze the important factors that affect cost efficiency,
and produce a strategy to improve these factors. It is hoped
that through the results of this study, the conclusion could be
reached to reduce companies’ operating expenses and risks,
and which could also suggest the Taiwan government to
shape construction development strategies.

2. METHODOLOGY
2.1. Efficiency Measurement

The words “productivity” and “efficiency” are often used
when measuring the performance of companies or organiza-
tions; however, these words actually have two distinctive
differences. The productivity is referred to the ratio between
product output and input [21].

P=0/I 1)
where P is productivity; O is output; and | is input.

The efficiency is a goal oriented method to determine the
best scenario while having the goal of using lowest input or
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reaching highest output. The discussion of efficiency meas-
urement began with Farrell [9], who drew upon the work of
Debreu [22] and Koopmans [23] to define a simple measure
of firm efficiency that could account for multiple input. Far-
rell [9] proposed that the efficiency of a firm consists of two
components: (i) technical efficiency, which reflects the abil-
ity of a firm to obtain maximal output from a given set of
input, and (ii) allocative efficiency, which reflects the ability
of a firm to use the inputs in optimal proportions, given their
respective prices and the production technology. These two
measures are then combined to provide a measure of total
economic efficiency.

Frontiers have been estimated using many different
methods over the past 40 years. The piece-wise-linear con-
vex hull approach to frontier estimation, proposed by Farrell
[9], was considered by only a few authors in the two decades
following Farrell’s paper. Boles [24], Shephard [25] and
Afriat [26] suggested mathematical programming methods
that could achieve the task, but the method did not receive
wide attention until the paper by Charnes, Cooper and Rho-
des [27], in which the term Data Envelopment Analysis
(DEA) was first used. Since then a large number of papers
have appeared, which have extended and applied the DEA
methodology [28].

The most common four methods of measuring efficiency
are: (i) least-squares (LS) econometric model, (ii) total factor
productivity (TFP) indices (Torngvist/Fisher), (iii) data en-
velopment analysis (DEA), and (iv) stochastic frontiers (SF).
The first two methods are most often applied to aggregate
time-series data and provide measures of technical change
and/or TFP. Both of these methods assume all firms are
technically efficient. Methods 3 and 4, on the other hand, are
most often applied to data on a sample of firms (at one point
in time) and provide measures of relative efficiency among
those firms. Hence these latter two methods do not assume
that all firms are technically efficient [28].

Efficiency is generally measured using either DEA or
stochastic frontier methods. Some of the advantages of sto-
chastic frontiers over DEA are [28]:

¢ jt accounts for noise, and

e it can be used to conduct conventional tests of hypothe-
ses.

While some disadvantages are:

* the need to specify a distributional form for the ineffi-
ciency term, and

* the need to specify a functional form for the production
function (or cost function, etc.).

Aigner and Chu [29] considered a Cobb-Douglas produc-
tion frontier of the form [28]:

Ing, = X", B-u;, i=12,..1 2

where Q; represent the output of the i -th firm; X' isa (K x
1) vector containing the logarithms of inputs; B is a vector of
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unknown parameters; and U; is a non-negative random vari-
able associated with technical inefficiency.

Aigner, Lovell and Schmidt [30] and Meeusen and van
den Broeck [31] independently proposed the stochastic fron-
tier production function model of the form [28, 32]:

Ing, = X', B+V, -, 3)
which is identical to the model (2) except we have added a
symmetric random error, v, to account for statistical noise.

Battese and Coelli [32] proposed a model for technical
inefficiency effects in a stochastic frontier production func-
tion for panel data:

Y = eXp(x B+ Vi _Uit) (4)
where Y, denotes the production at the t-th observation ( t =
1,2,...,T) for the i-th firm (;=1,2...~); X, isa (1 x K) vector

of values of known functions of inputs of production and
other explanatory variables associated with the j-th firm at
the t-th observation; g is a (K x 1) vector of unknown pa-

rameters to be estimated; the v, s are assumed to be
iidN (O,GVZ) random errors, independently distributed of the
U,s; the U, s are non-negative random variables, associated

with technical inefficiency of production, which are assumed
to be independently distributed, such that U is obtained by

truncation (at zero) of the normal distribution with mean
Z,6,and variance ¢?; z, isa (1 x m) vector of explanatory

variables associated with technical inefficiency of production
of firms over time; and § is a (m x 1) vector of unknown
coefficients.

The technical inefficiency effect U, in the stochastic
frontier model (4) could be specified in equation (5):

Ui =Z; +W, 5)
Where the random variable w, is defined by the trunca-

tion of the normal distribution with zero mean and variance
o’, such that the point of truncation is -7 .5 Iie,

W, =-Z,6 - These assumptions are consistent with U, being
a non-negative truncation of the N (zn(slgz )-distribution.

2.2. Cost Function

Mester [33], Cebenoyan et al. [34] and Allen and Rai
[35] used the stochastic cost frontier methodology. Altunbas
et al. [36] proposed the cost frontier was obtained by esti-
mating a Fourier Flexible cost function with a composite
error term, the sum of a two-sided error representing random
fluctuations in cost and a one-sided positive error term repre-
senting inefficiency.

The single-equation stochastic cost function model can
be given as:

TC =TC(@Q,,P)+¢, (6)
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Where TC is observed total cost, Q; is a vector of outputs
(such as: net sale), and P, is an input price vector (such as:

Price of Labor P, ). Following Aigner et al. [30], Altunbas
et al. [36] assume that the error term of the cost function is:

E=U+V @

Where U and V are independently distributed. The U is
usually assumed to be distributed as half-normal, that is, a
one-sided positive disturbance capturing the effects of ineffi-
ciency, and V is assumed to be distributed as two-sided

normal with zero mean and variance o2, capturing the ef-
fects of the statistical noise.

Due to the complexity of construction industry opera-
tions, the measurement of efficiency in this industry cannot
be acquired with a simple input/output production function.
The construction contracts are often unique projects with
high risk and long duration. The labor force, machinery and
material are not as easy to acquire comparing to manufacture
or service industries; therefore, it is harder to acquire mass
production data for the purpose of measuring cost efficiency.

The data in this study were acquired from financial
statements of individual construction companies. The data
mostly indicated the cost for each company to operate, in-
stead of an input - output data sheet used in the manufacture
industry. The study used the Stochastic Frontier Analysis
and Cost Function Model to evaluate the cost efficiency of
the Taiwan construction industry. The goal was to analyze
the important factors which influenced the cost efficiency by
comparing the cost efficiency index, and suggested a strat-
egy to reduce the operating expenses and risks.

3. DATA AND EMPIRICAL MODEL
3.1. Samples and Data Sources

The sample of this study was from 54 listed OTC (over-
the counter) companies. These 54 samples were then filtered
again, removing companies which revenues were earned
through estate, had 90% or lesser revenue through construc-
tion operations, or became bankrupt. After filtering, the
study sample remains 27 construction companies. In aver-
age, 98.5% of these construction companies’ revenue was
acquired through construction operations. Out of these 27
companies, there were 216 operations samples; the sample
period was 8 years apart from 2002 to 2009. These samples
were annual financial statements from each company which
were publicly listed on The Taiwan Stock Exchange Inc.
[37]. Because the general price-level changed in the 8 year
period, this study used the consumer price index of year
2006 as base period for GDP deflator conversion.

3.2. Variables

The construction industry is composed of mass labor,
machinery, and materials. In this study, the variables ac-
quired from the financial statement are: (1) Output is Gross
Output (net sale); and (2) Inputs are Total Cost (Cost of
Goods Sold), Price of Capital, and Price of Labor.
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The definitions of each variable are listed below; for sta-
tistic data please refer to Table 1.

e Gross Output (Q): The Gross Output is acquired from
income statement — net sale.

¢ Total Cost (TC): The Total Cost is acquired from income
statement — cost of goods sold which include fund cost,
labor cost and capital cost.

e Capital (K): The Capital is acquired from the balance
sheet — Net value of fixed assets which includes: (a) land,
and (b) depreciable assets (such as: factory, mechanical
equipment, transportation equipment, and office equip-
ment, etc., but excluding the aforementioned deprecia-
tion).

e Labor Force (L): The Labor Force is acquired from the
financial statement — number of employees.

* Price of Capital (Px): The Price of Capital is determined
by adding the interest expense from income statement
with depreciation, divided by Capital (net value of fixed
assets). The result shows the depreciation and interest
expense each capital unit shares which is the Price of

Capital. The formula: P, = (deprecation + interest ex-
pense) / Capital.

* Price of Labor (P.): The Price of Labor is determined by
dividing Labor Costs from operating expense with the
numbers of employee. The result shows the average labor
expense for each employee which is the Price of Labor.

The formula: P, = Labor Costs / Numbers of Employee.

e Company Attributes (D;): Depending on the operation
and income factors, this study separates the companies
into two categories using two dummy variables where:
(a) D; = 0 indicates that the company’s operation include
both civic and building construction, or only civil con-
struction, and (b) D; = 1 indicates that the company’s op-
eration includes only building construction.

3.3. Empirical Model

This study was based on Battese and Coelli’s Stochastic
Frontier Analysis model in 1995 [32] and Altunbas’s et al.
cost frontier model in 2000 [36]. This study used these two
methods to evaluate the relationship between cost ineffi-
ciency index and its variables which were equipment cost,
firm scale, and company attributes. These three variables
were applied to a simultaneous equation as external factors

to determine their technical inefficiency effects U, . The
empirical model was as follows:

m(TC" ) ~ fo+ By m[h) +6,InQ, %ﬁ[ln[i—”

PL; P Lit
8
+%/34 [InQ,] gy [ln (%H[an’,]H/” +u, ( )
Uy =0y + 0, INE; +6,InQ, +8,D, + ¢ )

where equation(8) is the Stochastic Frontier Cost Function,
and equation(9) is the technical inefficiency effects.
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Table 1. Descriptive Statistics of Variables
Variables Samples Mean Standard Deviation Minimum Maximum

cost of goods sold (US$) 216 130,367k 130,721k 99k 568,815k

net sale (US$) 216 149,142k 147,457k 185k 639,637k

fixed assets (US$) 216 32,667k 47,478k 21k 274,540k

depreciation (US$) 216 5,905k 8,364k 11k 45,999k

interest expense (US$) 216 1,727k 2,330k 0.16k 15,353k

Labor Costs (US$) 216 6,639k 7,975k 351k 39,517k

Numbers of Employee 216 234 292 12 1,532

equipment cost (US$) 216 5,371k 10,224k 0.07k 47,220k

Note: k = US$1,000

where: i is company code; t is time;

TC, Iis the total cost of company i;
P, Is the capital input factor price of company i;
P_, is the labor input factor price of company i;

Q, is the total output of company i under the ineffi-
ciency model stands for firm scale;

E.

it
transportation equipment cost and mechanical equipment
cost;

is the equipment cost of company i, which includes

V.. is the random errors of company i within the time

it
period t The V;, is independently and identically distrib-

uted normal random variables with zero means variances o?.

U, is the inefficiency errors of company i, which would
make within the time period t and signifies the level of inef-

ficiency. The U, is independently and identically distributed
half-normal random variables with scale parameter Ouz.

That is, the probability density function of each U;; is a trun-

cated version of a normal random variable having zero mean
and variance o ;

E, is the equipment cost of company i within the period
t;
D, is the company attribute where D, =0 represents a

company which operates both civil and building construc-
tion, or only civil construction, and D, =1 represents a com-

pany which focuses solely on building construction;

€. is a random errors and a nonnegative truncated nor-

it
mal distribution. Variables in this equation are ¢? , ¢ = -6

0 =(51’62 vas) Z= (In R, InQy, Di)_

The efficiency index of Company i within the t period is
exp(-u, ); namely, the level of inefficiency (Un) increases

while the efficiency index decreases. The efficiency index
exp(-u, ) is a number between 0 and 1; the higher in value

of this index means the more efficient the company | is
within the period t. The inefficiency index exp(u, ) is the

reciprocal of efficiency index exp(-u, ) and is within the

range of 1 and +. The higher in value of the inefficiency
index means the less efficient the company i is within the
period t. This empirical model exams the relationship be-
tween input and output, and also analyzes the technical
change that affects these relations; with this information and
data, the model was able to focus on studying the ineffi-
ciency factors.

4. RESULTS AND DISCUSSION

This study evaluates the performance of 27 construction
companies from 2002 to 2009. This study analysis the data
with Frontier 4.1 [28], the results are shown in Table 2 with
its maximum likelihood estimation, and shown in Fig. (1).
The result of average cost efficiency 0.76 is discovered and
the discussions are as follows.

(1) The average cost efficiency of Taiwan construction in-
dustry is 0.76. The result shows that there is still a room
for improvement. The key factors in this study result a
24% increase in cost; in other words, 24% of cost was
wasted.

(2) The relative factor price between capital and labor (h)
Lit
shows a significant level of negative correlation (Table
2-1, t-ratio= -3.8034). In other words, the relative factor
price is inversely proportional to the cost; if the relative
factor price decreases, it shows an increase in the cost.
The suggestions are as follows:

e Construction companies should reduce the purchase
of unnecessary total fixed assets, such as land and
equipment, to reduce pressure from fund procure-
ment.
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* Due to the high demand in funding required for con-
struction projects, most of the construction contracts
are required to finance their projects through bank
and/or other financial organizations. Financing and
loans allow the companies to accept contracts using
lesser percentage of their own equity fund. Although
financing results in extra interest fee, it allows the
company to have more available funds to contract
more projects; therefore, increasing their cost effi-
ciency.

The construction industry is considered a high risk indus-
try in Taiwan; therefore, banks are more conservative to-
wards giving loans and credits to this industry. The amount
of funding in construction companies is the assurance
whether they have the ability to finish contracts smoothly.
The funding is also the major factor whether these compa-
nies would earn a profit. In addition, in the construction in-
dustry, the performance bond and warranty bond on the con-
tract are often acquired through over-drafts from the com-
pany’s bank account. Property development companies
could often secure a loan using the land or house they are
building on as collateral, but construction companies do not
have these options due to their business focus; therefore,
construction companies often face this problem while acquir-
ing a loan, or end up paying a higher interest for their loans.
In this study, the suggestion to the government would be
giving the construction industry the assistance they need in
funding.

* When an excellent rated construction company acquires a
general public construction contract, it is suggested that
government departments subsidize the interest rates on
their loans, reducing the risks for the bank.

* When an excellent rated construction company acquires a
major public construction contract, it is suggested that
government departments coordinate with financial orga-
nizations to organize a larger loan with lower interest
rates.

* Private projects also need the government to coordinate
with financial organizations to acquire a larger loan and
lower interest rates. Moreover, the loans should be ear-
marked funds to reduce risks and to increase the desire of
financial organizations to invest.

* For the companies who introduce new technology and
new construction methods, it is suggested that govern-
ment departments subsidize the interest rates of their
loan, and also coordinate with financial organizations to
grant special rates.

Furthermore, due to the uniqueness in scale, difficulty,
and construction method in each individual project, the
number of labor force needed is hard to estimate prior to
acquiring the project. In addition, the processes in construc-
tion project are not repetitive like they are in manufacture
operations; therefore, the product technology efficiency of
the construction industry is lower in comparison. This is the
major reason why construction projects are unique in many
ways. Chau and Wang [16] proposed construction companies
could not predict future demand and work loads precisely.
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On the other hand, labor inputs were deployed in a much
more flexible way in the construction industry. The use of
casual daily-wage labor and labor only sub-contractors can
minimize idle labor under uncertain workloads. This study
also indicated that a mass number of labor force was re-
quired in construction projects. The management strategy
suggested was to use automatic machinery and subcontract-
ing to lower the cost of labor.

(3) The study shows a significant level of positive correla-
tion (table 2-1, t-ratio= 9.6178) between the cost and
gross output (net sales). Furthermore, the study also
shows a significant level of negative correlation (Table
2-2, t-ratio= -3.5395) between gross output and cost inef-

ficiency (U;,). This signifies that firms with larger scale

have higher cost efficiency. Larger firms have a competi-
tion advantage from their better management systems, so
they can acquire more contracts and therefore reduce the
operating expense. The empirical results suggest that
larger firms are more efficient. Chau et al. [17] proposed
larger firms were likely to be more technologically ad-
vanced and systematically managed, had lower resource
and finance costs due to better marketing and bargaining
power, faced fewer competitors, and were in a better po-
sition to diversify risks. But the scale effects were ex-
hausted up to a certain size.

(4) This study indicates that there is a significant level of
positive correlation between the cost inefficiency and
equipment (Table 2-2, t-ratio= 1.8771), meaning the in-
vestment in equipment (both machinery equipment and
transportation equipment) reduces cost efficiency. In
other words, construction companies should aim to re-
duce the investments in machinery equipment and trans-
portation equipment. This study result supports the sug-
gestion of Chau’s et al. research in 2005 [17]. Chau et al.
[17] suggested that investing in capital (plant and ma-
chinery) would lead to problems of managing the utiliza-
tion of resources, and thus lower efficiency. The other
suggestion concluded in this study is subcontracting;
more specifically, subcontracting when unique construc-
tion methods or large amount of machineries are re-
quired. Subcontracting under these special circumstances
could reduce the investment in machinery and transporta-
tion equipments; therefore, also reducing the procure-
ment, maintenance, operating, idle and depreciation
costs.

(5) The study indicates that there is a significant level of
negative correlation (table 2-2, t-ratio= -3.1515) between
cost inefficiency and the company’s attribute. The com-
pany that focuses solely on building constructions has a
higher cost efficiency than those who operate both civil
and building constructions, or only civil construction.
This is because the building constructions are often pri-
vate projects which have a higher profit margin than pub-
lic works. On the other hand, the public works often
come with stricter company requirements and the project
bidding most likely goes to the lowest bidder. In general,
public works often have lower budgets and shorter dura-
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Table 2.  Estimates of the translog cost frontier function
Table 2-1. Parameter estimates of the translog cost frontier function
Variable description Coefficient Estimate Standard Error t-ratio
Constant in the cost frontier Bo -14.7214 1.6297 -9.0334™
PKit Hexx
In| it B, -0.6370 0.1675 -3.8034
PLit
InQ, B2 1.8332 0.1906 9.6178™
2
In[ —Xit Bs -0.0449 0.0170 -2.8976™"
Lit
InQ? Ba -0.0392 0.0137 -2.8542""
I:’Kit *x
Inf =L |xInQ, Bs 0.0326 0.0140 2.3252
P
Lit
Table 2-2. Estimates of the cost inefficiency
Constant of cost inefficiency 8o 10.2517 2.6810 3.8239™
InE, 3 0.1103 0.0588 1.8771
InQ, 52 -0.8925 0.2521 -3.5395™
D, 3 -2.3646 0.7503 -3.1515™

Note: 1. *** ** and * represent significance at the 1%, 5%, and 10% levels, respectively.
2. Log likelihood function = -75.3952.

Efficiency Factors
loan
larger firm scale
building projects

Fig. (1). The study results of the key factors.

tions. Lower bidding results in lower profit, and shorter
duration results in higher risk. This is why the cost effi-
ciency is lower. The suggestion to improve public works
biddings are as follows.

Public works biddings should have a reasonable
budget and should avoid over-compressing the
contractor’s management fee and profit margin.
If these changes were made, the construction
company’s risk could be reasonably reduced.

Public works biddings should avoid using the
lowest bidding method; instead, the “reasonable
bidding” method should be introduced. The con-
tract could be awarded to the second lowest bid-
der to avoid unnecessary destructive competi-
tion.

Inefficiency Factors
total fixed assets
equipment cost
labor force

Inefficiency
24%

Public works should allow a reasonable dura-
tion. A reasonable duration could be determined
through professional engineering consultant
companies and government departments should
really consider using these standards instead.
The current policy allows only an over-
compressed duration which most construction
companies cannot follow, resulting in penalty or
fine.

Government should encourage and invite con-
struction companies with excellent ratings to en-
ter government contract biddings, and honor
these companies by subsidizing their loan inter-
est rates.

This study calculates the average cost efficiency of all
construction companies during the sample period (shown in
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Fig. (2)) with an average cost efficiency rate of 0.76. During
the eight sample years, the lowest average cost efficiency
was in year 2003, with a rate of 53.9%. This research found
that the reason of this low cost efficiency was due to the out-
break of SARS and the Irag War, which both happened in
2003. The Taiwanese government reduced a huge amount of
budget for major public works projects, thus lowering the
willingness of companies to bid for contracts. In addition,
Taiwan construction industry’s contribution to 2003 GDP is
5.17% lower than its contribution to the 2004 GDP. Moreo-
ver, the 3.67% GDP in 2003 is lower than both the 5.26%
GDP in 2002 and 6.19% GDP in 2004 [38].

Moreover, the sample years do not have a big difference
in their annual average cost efficiency; they all have an aver-
age cost efficiency of more or less 0.8, with the exception of
year 2003. This research signals that the Taiwan construction
industry still has substantial room for operating efficiency
improvements; there wasn’t much change in the 8 sample
years to signify improvements. The construction industry
should be aware of this important message.
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Fig. (2). The average cost efficiency of all construction firms.

5. CONCLUSIONS

The study examines the cost efficiency of construction
industry in Taiwan; the study consists of 216 samples from
27 companies in an eight year sample period. The study uses
Stochastic Frontier Cost Function to analyze the data and
estimate the result with maximum likelihood estimation. The
study data shows that the average cost efficiency rate is 0.76,
so most of the construction companies suffer from manage-
ment inefficiency and still have a substantial room for im-
provement. Furthermore, while gathering research data, the
study discovered that many large construction companies
that focus on public works contract has gone bankrupted in
the past few years. This is because most public works con-
tracts in Taiwan are awarded to the lowest bidder; in order to
acquire these contracts, construction companies often bid a
destructive low price which is too low to even sustain their
cost. These companies enter a vicious circle where they
manage their business with high risk, high cost, but low
profit; the operation efficiency generally decreases over each
cycle, and finally results in bankruptcy.

The suggestions from this study to government depart-
ments are:

1) Government departments should coordinate with finan-
cial institutions to release a higher amount of loan with
lower interest rates.

The Open Construction and Building Technology Journal, 2012, Volume 6 15

2) A reasonable project budget should be introduced to al-
low the contractors to have a reasonable management fee
and profit, thus reducing their risks.

3) Government departments should avoid using the “lowest
bidding” method to avoid unnecessary destructive com-
petitions.

4) Government departments should honor a reasonable du-
ration.

5) Government departments should encourage companies
with excellent ratings to enter contract biddings; they
could do so by introducing a preferential performance
bond agreement and subsidization for the interest rates.

To improve the operation efficiency of the construction
companies in Taiwan, the study result suggests the follow-

ing:

a. Construction companies should strengthen their organiza-
tion by moderating their scale of focus to achieve spe-
cialization, maximization, and self-improvements in
technologies.

b. Construction companies should seek long-term subcon-
tracting relationship with different field-speciation com-
panies to avoid purchase of unnecessary equipment.

c. Construction companies should implement automatic
machinery and subcontracting to reduce the cost and la-
bor needs.

d. The funding in construction projects is suggested to be
acquired from loans by financial institutes; this could
avoid the company’s funds to be locked into certain pro-
jects and allows more control of their funds. More usage
of the company’s capital reduces the management cost
and gives the company more competitive edge; therefore,
increasing the company’s operation efficiency.

It is hoped that through the findings of this study, we
could attract the attention of government departments to im-
prove their development strategies for the construction in-
dustry; at the same time, these study findings could also sug-
gest construction companies to improve their management
strategy and improve their cost efficiency by reducing their
operating expenses and risks.
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