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ABSTRACT
Safety in the construction segments is one of the most unprotected within
the unorganised labour sector in India. The purpose of the study is to apply
data envelopment analysis (DEA) to evaluate safety performance of
construction segments in India. Essentially, DEA takes into account the
input and output components of a decision making unit, calculates technical
efficiency, and is treated as an indicator for safety performance of Decision
Making Units (DMUs). Fifty Indian construction organisations under
infrastructure and real estate segments are selected for the study. The
findings show that safety performance in the real estate segment is
consistently low.
Keywords: Constant returns to scale (CRS), Data envelopment analysis
(DEA), Decision making unit (DMU), Technical efficiency (TE), and
Variable return to scale (VRS).

INTRODUCTION
The purpose of the study is to employ data envelopment analysis (DEA) to evaluate safety
performance of construction segments in India. DEA is a mathematical programming
technique that has found a number of practical applications for measuring the performance of
similar units, such as a set of hospitals, a set of schools, a set of banks, etc. DEA is a
methodology based upon application of linear programming. It was originally developed for
performance measurement, and has since been successfully employed for assessing the
relative performance of a set of firms that use a variety of identical inputs to produce a
variety of identical outputs. The principles of DEA date back to Farrel (1957).
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Most of the clients are relying closely on contractors’ or subcontractors` bid proposal in the
selection process when allocating work. The lowest bid is the criteria for finalising
contractors/sub contractors in most selection processes, which can contribute to project
delays, cost overruns, non-confirmation on quality, lost time accident, and increasing
numbers of claims, litigation and contractual issues. The tender price should be assessed and
include budgets for safety related issues and implementation at project level. The expected
standards and safety requirements should be listed in the contract document. The past record
of safety performance of the contractor/sub contractors is to be examined before finalisation
and allocation of works (Kozlovska & Strukova 2012).
DEA, with its ability to measure the relative performance of organisational units that have
multiple inputs and outputs, was applied for prequalification of contractors in a construction
project in Canada (McCabe, Tran & Ramani 2005). One of the important aspects which
influence the efficiency of projects is the high rate of accidents at the workplace. Lower
numbers of accidents and lost working days through lower safety costs are efficient. DEA
with the BCC model was implemented in Iranian projects and the approach provides an
objective statement of how safety systems have been implemented (Shirouyehzad &
Dabestani 2011). DEA was applied to estimate the performance efficiency of 2,298
Vietnamese construction firms in 2002 by considering net revenue as output, and the average
number of laborers in the year together with net capital considered as inputs. The results of
the study showed that the average technical efficiency of these firms was 58.6 % (Nguyen &
Giang 2005). In another study conducted in Norwegian construction firms, DEA was applied
by considering revenue as output based on the type of construction, i.e., residential
construction, non-residential construction and civil engineering construction, with inputs
based on external expenses (materials, subcontractors, energy, transportation, etc), labor in
man-year, and capital. The results of the study showed an average efficiency score of 83.4%
(Edvarsen 2003)
Safety performance in India is presently based on the method for computation of frequency
and severity rates for industrial injuries, and classification of industrial accidents (IS: 3786
1983). The Indian standard is framed with an objective to help evaluating relative need for
taking accident preventive measures, making an appraisal of the program of an accident
prevention campaign and to encourage accident prevention in organisations. The standard
includes details of work injury and computation of frequency severity rates. The drawback of
injury rates are the partial indicators of injury cases only, and does not include property
damage or time losses. However, new methods are still to be developed to offer insights to
both researchers and practitioners in lieu of the drawbacks of the code. A point of departure
for the DEA approach compared to IS code is that DEA relates resources expended on a
certain performance to the level of success for that particular performance.
Under existing methods, construction segments that suffer the same numbers and types of
accidents are considered to be of identical performance. It makes more sense to consider the
construction segment that commits fewer resources to arrive at a certain safety performance,
as a better performer. The main features of DEA are its capability to incorporate multiple
inputs and multiple outputs, no need to assign weights to the different inputs/outputs, and the
measurement units of the different inputs/outputs need not be congruent. DEA is the input–
output framework and relates resources expended on safety to safety performance. The DEA
approach can be utilised by a particular organisation to gauge its own safety performance
over a period of time and considers every year as a single DMU, which is useful for
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comparison purposes and enables appropriate steps to be initiated to improve safety
performance (El-Mashaleh, Rababeh & Hyari 2009). The benchmarking program developed
by the Construction Industry Institute (CII) in the United States was also described by Lee,
Thomas and Tucker (2005). In addition, Ramirez, Alarcon and Knights (2004) describe the
benchmarking system that was established in the Chilean construction industry, which
incorporates qualitative management aspects and performance indicators.
Siriruttanapruk and Anuntakulnathi (2004) stated that the poor levels of construction safety in
organisations are primarily due to inadequate implementation of safety programs and weak
enforcement of legislation. Feroz, Raab and Haag (2001) have used DEA to test the economic
consequences of the occupational health and safety administration caused due to cotton dust
in fabric industries. Ng, Cheng and Skitmore (2005) developed a safety performance
evaluation (SPE) framework for evaluating contractor’s safety performance, and the model
includes a range of organisation-related and project-related SPE factors.
Abbaspour, Hosseinzadeh, Karbassi, Roayaei & Nikoomaram. (2009) developed an
appropriate model to evaluate organisations’ efficiency and environmental performance,
regarding health, safety, and environmental management system principles. The model was
examined on 12 oil and gas general contractors. In another study by Beriha, Patnaik and
Mahapatra (2011) an appropriate structure based on DEA was developed to benchmark
occupational health and safety performance in 30 Indian organisations under three categories
of construction, refractory and steel. Results of this study revealed that safety performance of
construction industries is consistently low in comparison with other categories of industries.
The growing competitiveness of the construction segments motivated the firms to assess
performance and implement efficient safety measures to improve safety performance.
Recently, in several countries, benchmarking systems were specially designed for the
construction industry (Costa, Formoso, Kagioglou, Alarcón & Caldas 2006). These systems,
available in web-based platforms, typically analyse companies’ performance based on a set of
Key Performance Indicators, which consist of ratios representing key aspects of the
companies’ activity. However, no insights concerning organisation overall performance are
provided. Teo & Ling (2006) developed a model to measure the effectiveness of safety
management systems of construction sites, and utilised surveys and experts’ interviews and
workshops to collect the important factors affecting safety.
In the present study, an attempt has been made to analyse safety performance in two
construction segments, i.e. infrastructure and real estate in India, using DEA. In India, safety
in construction is accorded least priority by the builders, contractors and engineers. The
construction industry in India today is very large and complex, but the rapid growth has led to
a shortfall in terms of safety and health aspects of the construction workers. The methodology
focuses directly on management commitment for benchmarking, goal setting and designing
safe operating procedures in an attempt to adopt safe practices.

METHODOLOGY
Data Envelopment Analysis
DEA was initiated by Charnes, Cooper and Rhodes (1979). In the construction management
sector few studies made use of DEA. El-Mashaleh, O’Brien and London (2001) proposed the
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DEA methodology to measure and compare subcontractors’ productivity at the firm-level. ElMashaleh et al. (2009) deploy DEA to evaluate the firm-level performance of construction
contractors. McCabe et al. (2005) utilise DEA to pre-qualify contractors. Contractors’
financial performance was evaluated based on DEA by Pilateris and McCabe (2003).
DEA is a mathematical programming methodology. It has been successfully employed for
assessing the relative performance of a set of firms usually called decision making units
(DMU), A DMU is treated as the entity responsible for converting inputs into outputs and
whose performance is to be evaluated. In this study, a DMU refers to a construction segment.
DEA is linear programming-based tool for measuring the relative efficiency of each unit in
asset of comparable organisational units using theoretical optimal performance for each
organisation. DEA makes use of fractional programming problem and corresponding linear
programming problem, together with their duals to measure relative performance of DMUs
(Charnes, Cooper & Rhodes 1978; Charnes, Cooper, Lewin & Seiford 1994; Cooper, Seiford
& Tone 2000). The Charnes, Cooper and Rhodes (CCR) model is a fractional programming
problem model which measures the efficiency of DMU’s by calculating the ratio of the
weighted sum of its outputs to the weighted sum of its inputs. DEA also determines the level
and amount of inefficiency for each of the inputs and outputs. The magnitude of inefficiency
of the DMU’s is determined by measuring the radial distance from the inefficient unit to the
efficient one.
CCR or Constant Returns to Scale (CRS) model. The present study makes use of the
CCR model to evaluate safety performance in construction segments in India. The CCR
model is based on the concept of constant return to scale. For the proportionate change in all
inputs, if all outputs vary by the same proportion then the production function exhibits
constant returns to scale.
Let there be ‘n’ DMUs whose efficiencies have to be compared. Let us take one of the
DMUs, say the mth DMU, and maximize its efficiency according to the formula as in [1].
Here the mth DMU is the reference DMU. The mathematical program is now:
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Where:
Em is the the measure of efficiency for the mth DMU,
yjm is the known amount jth output of the mth DMU,
vjm is the output weight. It is determined by the solution of the model and is assigned to the jth
output.
xim is known amount of the ith input of the mth DMU,
uim is the input weight. It is determined by the solution of the model and is assigned to the i th
input.
yjn is the known amount of jth output by jth DMU
xin is the known amount of the ith input used by jth DMU
DMU, n = 1, 2… N. The fractional programme shown in equation (1) can be reduced to LPP
as in [2].
Max E = ∑ vjm yjm
j=1
Subject to:
I
∑ uim xim = 1
i=1
J
I
∑ vjm yjn - ∑ uim xin ≤ 0 ; n = 1, 2, K, N
j=1
i=1
vjm, uim

≥€

[2]

; i = 1, 2, K, I; j = 1,2,K,J

The model is called CCR output-oriented maximisation of the DEA model. The efficiency
score of “n” DMUs is obtained by running the above LPP “n” times (Ramanathan, 1996).
Banker- Charnes-Cooper (BCC) or Variable Returns to Scale (VRS) model. The CRS
assumption is only appropriate when all DMU’s operate at an optimal scale. Constraints in
the operating environment, for instance, legal requirements, financial and human resource
constraints, amongst other factors, may cause a DMU to operate at a non-optimal scale. The
DEA model by Banker, Charnes, and Cooper (BCC) is based on the concept of variable
returns to scale. If for the proportionate changes in all inputs the output results vary by a
different proportion, then the production function exhibits Variable Returns to Scale (VRS).
The VRS can be further classified as Increasing Returns to Scale (IRS) and Decreasing Returns
to Scale (DRS). If the outputs vary by a proportion greater than the proportion of inputs then the
production function exhibits increasing returns to scale. Where the outputs vary by a proportion
less than the proportion of inputs then the production function exhibits decreasing returns to
scale. The VRS model is essentially the CRS with an additional constraint added to the LP
problem. The most important extension of the original CCR models is outlined by Banker,
Charnes and Cooper (1984) where an additional constraint was introduced in the model, as
shown in equation (3):
n
∑ λj = 1
[3]
J=1
 is a I1 vector of constants,(weight assigned to unit j), I is number of DMU’s.
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This constraint enables variable returns to scale, and provides for the reference set to be
formed as a convex combination of DMUs, which are in the set (those that have positive
value for λ in the optimal solution). The DMU operates under variable returns to scale if it is
suspected that an increase in inputs does not result in a proportional change in the outputs.
The convexity constraint ensures that the composite unit is of similar scale size as the unit
being measured. The BCC model yields a measure of pure technical efficiency that ignores
the impact of the scale size by only comparing a DMU to a unit of similar scale. Often, small
units are qualitatively different from large units and a comparison between the two may
distort measurements of comparative efficiency. The measured efficiency is always at least
equal to the one given by the CCR model. The envelopment surface obtained from the BCC
model results in a convex hull.
Selection of decision making units. The Indian construction sector can be broadly
classified into two sub-segments (NSDC report, 2008), as shown in Figure 1.
Figure 1: Classification of construction segments

In order to identify DMUs, fifty Indian construction organisations from two segments, i.e.
infrastructure and real estate, were selected. This was broken down into five organisation
types within each category, with DMUs 1 to 15 (RR1 to RR5, RC1 to RC5 & RS1 to RS5)
representing real estate, and DMUs 16- 50 (IUP1 to IUP5, IUI1 to IUI5, IU1 to IU5, ITR1to
ITR5, ITC1 to ITC5, ITRO1 to ITRO5 &ITP1 to ITP5) representing the organisation
divisions within the infrastructure segment. Details are shown in Table1.
Table 1: Representation of DMUs
DMUs
DMU 1 to 5
DMU 6 to 10
DMU 11 to 15
DMU 16 to 20
DMU 21 to 25
DMU 26 to 30
DMU 31 to 35
DMU 36 to 40
DMU 41 to 45
DMU 46 to 50

Segment
Real estate
Real estate
Real estate
Infrastructure
Infrastructure
Infrastructure
Infrastructure
Infrastructure
Infrastructure
Infrastructure

Division
Residential
Commercial
SEZs
Utilities /Power
Utilities /Irrigation
Urban Infrastructure
Transportation/ Railways
Transportation/ Civil Aviation
Transportation/ Roadways
Transportation/ Ports
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RR
1 to 5
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1 to 5
RS
1 to 5
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1 to 5
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Inputs and Outputs. DEA considers a DMU as the entity responsible for converting
inputs (resources, money, etc) into outputs (performance measures, etc). To evaluate
construction safety performance, Figure 2 shows the related inputs and outputs. The input
parameters have been identified through discussions with the safety professionals, safety
managers and corporate safety heads from various construction organisations in India. The
safety performance of a construction segment is affected by the expenditure as a percentage
of total revenues. The expenditure includes the annual cost of safety trainings, promotional
activities, purchase of safety equipment & tools and health & welfare facilities provided.
Figure 2: Inputs and outputs

Construction workers in India are exposed to various types of hazards. The Building and
other Construction Workers' (Regulation of Employment and Conditions of Service) Act
(1996) is the legislation applicable towards safety, health and welfare of construction workers
in India. According to this act, the workplace accidents are classified into the following four
categories:
 First aid cases that do not cause injury/loss of work;
 Accidents that disable a worker from working for a period of 48 hours or more,
immediately following the accident;
 Accidents causing disablement, subsequently resulting in the death of a worker; and
 Dangerous occurrences, whether or nor any death/disablement is caused to a worker.
Before undertaking the analysis, all the data should be normalised. Since outputs have a
negative nature, the values are converted into the inverse format before being normalised.
The reciprocals of the numbers of the different types of accidents, as per The Building and
other Construction Workers' (Regulation of Employment and Conditions of Service) Act
1996, are used as outputs.
Wilcoxson Matched Pairs Test. The Wilcoxon test is a non-parametric test that
compares two paired groups. It calculates the difference between each set of pairs, and
analyses that list of differences. The whole point of using a paired test is to control for
experimental variability. If sample size is large (more than 20) then the sampling distribution
can be considered approximately as being normally distributed (Chandan 1998), so that the Z
test can be used. The Z value is calculated as follows:
Z= (T-UT)/ σT
[4]
Where:
T=sampling distribution statistic; UT= mean of sampling distribution; and σT = standard
deviation of sampling distribution.
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DATA COLLECTION
The data was collected directly by approaching the safety managers/officers of the
organisations, and explaining to them the purpose of the study. Many of them were reluctant
to furnish the information about input/output parameters. Some organisations required a
written assurance from the author to keep the data collected confidential. Organisations not
maintaining safety records were not considered under the study. The data was collected for
the year 2010-11. The data collection was restricted to five organisations under each division,
mainly due to some organisations not having available records.

RESULTS AND DISCUSSION
DEA with CRS Model
The objective of the study is to evaluate and assess safety performance of DMUs in different
Indian construction segments. The Constant Return to Scale (CRS) and Variable Return to
Scale (VRS) models are used. A construction segment is considered efficient when its
objective function becomes a unity. The input oriented maximisation CCR – DEA model is
used to obtain the efficiency score. Frontier analyst version 4 has been used to solve the
model. The results obtained from the models are summarised in Tables 2 and 3 respectively,
for the real estate and infrastructure segments.
Table 2: Results of CRS & VRS of real estate segment
DMU

Segment

DMU 1
DMU 2
DMU 3
DMU 4
DMU 5
DMU 6
DMU 7
DMU 8
DMU 9
DMU 10
DMU 11
DMU 12
DMU 13
DMU 14
DMU 15

RR 1
RR 2
RR 3
RR 4
RR 5
RC 1
RC 2
RC 3
RC 4
RC 5
RS 1
RS 2
RS 3
RS 4
RS 5

Efficiency score
CRS
0.69
0.58
0.68
0.76
0.76
0.83
0.84
0.88
0.79
0.88
0.76
0.81
0.74
0.70
0.87

VRS
0.71
0.68
0.76
0.78
0.76
0.88
0.80
0.80
0.81
0.83
0.79
0.81
0.77
0.79
0.90

Ranking
CRS
48
50
49
43
42
22
20
15
37
13
44
25
45
47
17

VRS
49
50
45
42
47
19
35
37
29
24
41
29
44
39
16

Peer count
CRS
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

VRS
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Based on efficiencies the scores indicate that five DMUs out of 50 DMUs have emerged as
benchmarking units for the other 45 DMUs. The efficient units are DMU 16, DMU 23, DMU
38, DMU 39 and DMU 50, as the efficiency scores are equal to unity. The remaining 45
DMUs are inefficient as the scores are less than unity. It is also observed that DMU 16,
DMU 23, DMU 38, DMU 39 and DMU 50 have become peer units 22, 18, 26, 16 and 28
times respectively.
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The inefficient units have to consult peer units to become efficient. DMU 16 has to be
consulted by inefficient groups 22 times to become an efficient unit. DMU 50 is ranked as the
best unit based on an efficiency score of one, and having a greater number of referring DMUs
as far as safety performance is considered. DMU 2 is ranked last having an efficiency score
0.580. Not even one unit from the real estate segment has become an efficient one.
Table 3: Results of CRS & VRS of infrastructure segment
DMU

Segment

DMU 16
DMU 17
DMU 18
DMU 19
DMU 20
DMU 21
DMU 22
DMU 23
DMU 24
DMU 25
DMU 26
DMU 27
DMU 28
DMU 29
DMU 30
DMU 31
DMU 32
DMU 33
DMU 34
DMU 35
DMU 36
DMU 37
DMU 38
DMU 39
DMU 40
DMU 41
DMU 42
DMU 43
DMU 44
DMU 45
DMU 46
DMU 47
DMU 48
DMU 49
DMU 50

IUP 1
IUP 2
IUP 3
IUP 4
IUP 5
IUI 1
IUI 2
IUI 3
IUI 4
IUI5
IU 1
IU 2
IU 3
IU 4
IU 5
ITR 1
ITR 2
ITR 3
ITR 4
ITR 5
ITC 1
ITC 2
ITC 3
ITC 4
ITC 5
ITRO 1
ITRO 2
ITRO 3
ITRO 4
ITRO 5
ITP 1
ITP 2
ITP 3
ITP 4
ITP 5

Efficiency score
CRS
1
0.80
0.80
0.81
0.81
0.84
0.90
1
0.80
0.81
0.80
0.90
0.78
0.80
0.78
0.94
0.79
0.81
0.80
0.87
0.88
0.88
1
1
0.79
0.72
0.91
0.86
0.79
0.80
0.8
0.80
0.88
0.90
1

VRS
0.82
1
0.85
0.85
0.81
0.84
1
0.92
0.80
0.81
0.80
0.88
0.81
0.76
0.78
1
0.81
0.79
0.80
0.91
1
0.90
0.96
1
0.81
0.72
1
0.9I
0.88
0.87
0.92
1
0.92
0.91
1

Ranking
CRS
1
33
30
25
23
21
10
1
33
27
28
9
40
29
40
1
36
23
30
17
12
16
1
1
37
46
7
19
37
33
30
11
14
8
1

VRS
25
1
26
22
27
23
1
12
37
29
34
19
32
45
42
1
27
39
36
15
1
16
9
1
32
48
1
14
18
21
10
1
11
13
1

Peer count
CRS
22
0
0
0
0
0
0
18
0
0
0
0
0
0
0
0
0
0
0
0
0
0
26
16
0
0
0
0
0
0
0
0
0
0
28

VRS
0
22
0
0
0
0
12
0
0
0
0
0
0
0
0
14
0
0
0
0
16
0
0
24
0
0
21
0
0
0
0
19
0
0
10

The results of mean scores of the two segments are summarised in Table 4. From mean
efficiency scores, it is observed that the safety performance in the real estate segment is poor
when compared with the infrastructure segment. The overall efficiency of the construction
industry in India, regarding safety performance, is 0.830, indicating that considerable
improvement is required to become efficient units. Peer count, suggested by Charnes,
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Cooper, Golany, Seiford and Stutz (1985), consists of the computation of how many
observations are influenced by a certain efficient observation. The peer count is reinterpreted
as the average frequency that an observation influences other observations. Peer count is the
number of times each firm is a peer for another. This involves the computation of the number
of times an efficient DMU is a peer of an inefficient DMU.
Table 4: Mean scores of CRS model
Real estate divisions (Scores)
Residential
Commercial
SEZs

0.69
0.84
0.77

Mean Score

0.77

Infrastructure divisions (Scores)
Utilities /Power
Utilities /Irrigation
Urban Infrastructure
Transportation/ Railways
Transportation/ Civil Aviation
Transportation/ Roadways
Transportation/ Ports
Mean Score

0.84
0.87
0.81
0.84
0.91
0.82
0.89
0.86

DEA with VRS Model
The VRS model shows that eight DMUs are efficient units, listed as DMU 17, DMU 22,
DMU 31, DMU 36, DMU 39, DMU 42, DMU 47 and DMU 50. The efficiency scores of the
efficient units approach unity, while the scores of inefficient units are less than unity. The
inefficient units can refer peer groups to become efficient groups. The peer counts of efficient
units are summarised in Table 2. The inefficient units can make adjustments in their
inputs/outputs by looking into their peer groups to become an efficient unit. These units may
adopt either an input-oriented strategy or an output-oriented strategy to become efficient. The
input-oriented strategy emphasises achieving the current level of output using less inputs than
the current level, whereas the output-oriented strategy rests on achieving a higher level of
output by the same level of inputs. The two DMUs 39 and 50 have become efficient in CRS
and VRS models. The overall and segment wise efficiency of the VRS model is more than
the CRS model. The results of mean scores of the two segments are summarised in Table 5.
Table 5: Mean scores VRS model
Real estate divisions
(Scores)
Residential
0.74

Infrastructure divisions
(Scores)
Utilities /Power

0.86

Commercial
SEZs

0.82
0.81

Mean Score

0.79

Utilities /Irrigation
Urban Infrastructure
Transportation/ Railways
Transportation/ Civil Aviation
Transportation/ Roadways
Transportation/ Ports
Mean Score

0.87
0.81
0.98
0.93
0.88
0.95
0.90
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Validation of CRS & VRS Models
To test for significant differences between efficiency scores calculated by using CRS and
VRS models, the Wilcoxon matched pairs test was used. The hypothesis is formulated as
follows:
Ho (Null hypothesis)
- Efficiency scores from CRS model = VRS model
Ha (Alternate hypothesis) - Efficiency scores from CRS model ≠ VRS model
The Wilcoxon matched pairs test is carried out by STAT PLUS 2009 Professional. The null
hypothesis was rejected based on the test result with a p value of 0.0014, with a value as low
as 0.05. Based on the test, it allows for an alternative hypothesis that there is significant
difference in efficiency scores obtained in both the models. Management must be cautious
regarding use of scale assumption. A thorough understanding of behaviour of input and
output variables is needed while assuming scale. For a better understanding of the problem,
the number segments to be studied under real estate and infrastructure is to be increased as,
DEA is quite sensitive to sample size.

CONCLUSION
The DEA is the best tool to gauge safety performance. Construction organisations involved in
both the segments can use the DEA approach to compare safety performance. The
methodology helps to adopt best practices of peers to become efficient. For each inefficient
segment, DEA identifies a set of corresponding efficient segments. The efficient segments are
said to form a reference set for the inefficient unit. The efficient unit that appears in the
reference set of most of the inefficient units gives the optimal input-output mix for the
inefficient units. The goal of an inefficient unit is to perform like the best of its peers, which
sets the performance goals for that unit. The overall efficiency in real estate and infrastructure
segments is 0.830 and 0.864, and all the stakeholders must concentrate on safety aspects to
achieve efficiency as unity. The inefficient units can refer efficient units to improve safety
performance. Not even a single DMU has become efficient in the real estate segment in both
the models, and DMU 2 is the most inefficient unit from both the models.
The present study is based on the fact that safety and health measures can be improved
through the allocation of a sufficient annual budget of the firm in critical safety activities. The
inputs are considered as a percentage of the annual budget on critical safety activities. The
number of accidents, as per the applicable legislation, is treated as outputs of the model. In
the real estate segment, the allocation of budgets for safety activities is marginal and the
percentage varies between 1 to 1.45%, which is not sufficient to achieve safety performance.
In contrast, the percentage of annual budgets in the infrastructure segment varies between 2
to 3.5%. The construction safety performance in civil aviation and port divisions is
satisfactory, based on efficiency scores, which is mainly due to adhering to healthy safety
practices, allocation of budgets, implementation of safety systems, and strict compliance with
applicable legislations.
The construction sector in India currently lacks readily available safety performance
measures to assess performance. To gauge safety performance, the construction sector
currently relies on certain indexes like accident rates, severity rates and the frequency
severity index. The DEA approach can be used efficiently for a gap analysis approach at the
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organisational level, which enables achievable and desired results, and is useful for strict
compliance of applicable legislations. Management commitment to implementing safety
systems, like safety trainings, risk assessment, emergency procedures, review and legal
requirements, will definitely improve safety performance in the construction segments in
India. All the stakeholders will benefit from safety performance. The CRS and VRS models
are validated by using the Wilcoxon matched pairs test, which has demonstrated that
statistically significant difference exists in both models. An in depth study of input and output
variables is required before the use of scale assumption.

REFERENCES
Abbaspour, M, Hosseinzadeh Lofti, F, Karbassi, AR, Roayaei, E & Nikoomaram, H 2010,
‘Development of a model to assess environmental performance, concerning HSE-MS
principles’, Environment Monitoring and Assessment, vol. 165, pp. 517-528.
Banker, R, Charnes, A & Cooper W, 1984, ‘Some models for estimating technical and scale
inefficiencies in data envelopment analysis’, Management Science, vol. 30, no. 1, pp.
1078-1092.
Beriha, GS, Patnaik, B & Mahapatra, SS 2011, ‘Safety performance evaluation of Indian
organisations using data envelopment analysis’, Benchmarking: An International
Journal, vol. 18, no. 2, pp. 197-220.
Building and other Construction Workers' (Regulation of Employment and Conditions of
Service) Act 1996, Asia law house, Hyderabad.
Chandan, JS 1998, Statistics for business and economics, Vikas publishing house private
limited, Noida.
Charnes, A, Cooper, W & Rhodes, E 1978, ‘Measuring the efficiency of decision making
units’, European Journal Operations Research, vol. 2, no. 6, pp. 429–44.
Charnes, A, Cooper, W & Rhodes, E 1979, ‘Short communication: Measuring the efficiency
of decision making units’, European Journal of Operations Research, vol. 3, no. 2, pp.
339-346.
Charnes, A, Cooper, W, Golany, B, Seiford, L & Stutz, J 1985, ‘Foundations of data
envelopment analysis for Pareto-Koopmans efficient empirical production functions’,
Journal of Econometrics, vol. 30, no. 1, pp. 91–107.
Charnes, A, Cooper, W, Lewin, AY & Seiford LM (eds.) 1994, Data envelopment analysis:
Theory, methodology, and applications, Kluwer, Boston.
Cooper, W, Seiford L, Tone, K 2000, Data envelopment analysis: a comprehensive text with
models, applications, references and DEA solver software, Kluwer Academic Publishers
Boston/Dordrecht/London.
Costa, DB, Formoso, CT, Kagioglou, M, Alarcón, LF & Caldas, CH 2006, ‘Benchmarking
initiative in the construction industry: Lessons learned and improvement opportunities’,
Journal of Management in Engineering, vol. 22, no. 4, pp. 158-167.
Edvarsen, DF 2003, ‘Efficiency of Norwegian construction Firms’, In Four Essays in the
Measurement of Production Efficiency, School of Economics and Commercial Law,
Goterborg University, http://www.hgu.gu.se/files/fakultetskansli/abstract/edvardsen.pdf
[Accessed January 2013].
El-Mashaleh, M, O’Brien, W & London, K 2001, ‘An envelopment methodology to measure
and compare subcontractor productivity at the firm level’, Proceedings of the 9th annual
conference of the international group for lean construction’, pp. 17-26.
Asia Pacific Journal of Business and Management, 2013, Volume 4(1), 1-13

ISSN 1179-626X

13
Rajaprasad, Prasada Rao & Venkata Chalapathi - Evaluation of safety performance in Indian construction
segments using data envelope analysis

El-Mashaleh, MS, Rababeh, SM & Hyari, KH 2009, ‘Utilizing data envelopment analysis to
benchmark safety performance of construction contractors’, International Journal of
Project Management, vol. 28, no. 1, pp. 61-67.
Farrel, MJ 1957, ‘The measurement of production efficiency’, Journal of the Royal Statistical
Society Series A, vol. 120, pp. 253-278.
Feroz, EH, Raab, R & Haag, S 2001, ‘An income efficiency model approach to the economic
consequences of osha cotton dust regulation’, Australian Journal of Management, vol.
26, no. 1, pp. 69-89.
IS: 3786, 1983, Method for computation of frequency and severity rates for industrial
injuries and classification of industrial accidents, Bureau of Indian standards, New
Delhi.
Kozlovska, M & Strukova, Z 2012, ‘Integration of occupational safety to contractors` or
subcontractors’ performance evaluation in construction projects’, SSP – Journal of civil
engineering, vol. 8, no. 1, pp.13-24.
Lee, S, Thomas, SR & Tucker, RL 2005,’Web-based benchmarking system for the
construction industry’, Journal of Construction Engineering and Management, vol. 131,
no. 7, pp. 790-798.
McCabe, Viet Tran & Joseph Ramani, 2005, ‘Construction prequalification using data
envelopment analysis’, Canadian Journal of Civil Engineering, vol. 32, no. 4, pp. 183–
193.
National Skill Development Corporation Report 2008, Human Resource and Skill
Requirements in the Building, Construction Industry and Real Estate Services, pp. 1-48.
Ng, S, Cheng, K & Skitmore, R 2005, ‘A framework for evaluating the safety performance of
construction contractors’, Build Environment, vol. 40, pp. 1347–55.
Nguyen, KM & Giang, TL 2005, ‘Efficiency of construction firms in Vietnam’, National
Economic University. http://mpra.ub.uni-muenchen.de/968/, [Accessed January 2013].
Pilateris, P & McCabe, B 2003, ‘Contractor financial evaluation model’, Canadian Journal of
Civil Engineering, vol. 30, no. 3, pp. 487–99.
Ramanathan, R, 1996, An introduction to Data envelopment analysis: A tool for performance
measurement, Sage, London.
Ramirez, RR, Alarcon, LF & Knights, PA 2004, ‘Benchmarking System for Evaluating
Management Practices in the Construction Industry’, Journal of Management in
Engineering, vol. 20, no. 3, pp. 110-117.
Shirouyehzad, H & Dabestani, R 2011, ‘A safety approach for measuring efficiency of
projects, using data envelopment analysis’, 2nd International Conference on
Construction and Project Management IPEDR, vol. 15, IACSIT Press, Singapore.
Siriruttanapruk, S & Anuntakulnathi, P 2004. ‘Occupational health and safety situation and
research priority in Thailand’, Industrial Health, vol. 42, pp. 135–140.
Teo, E & Ling, F 2006, ’Developing a model to measure the effectiveness of safety
management systems of construction site’. Build Environment, vol. 41, pp. 1586–92.

Asia Pacific Journal of Business and Management, 2013, Volume 4(1), 1-13

ISSN 1179-626X

