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  ABSTRACT    

 

Our attempt in this paper is to develop a performance benchmarking system for 

construction firms. This is widely known as one of the first steps in any improvement 

process. We use the Data Envelopment Analysis model (DEA), which is a recognized 

modern approach to the assessment of performance of organizations and their functional 

units.. It accomplishes this by identifying overall performance through benchmarking 

economical, technical, environmental, and social performance for construction firms. The 

benchmarking model is developed using field data collected from 37 Syrian construction 

firms. The analysis using the DEA software seems to show that 29 of  the 37 firms are 

functionally inefficient, and provides each firm with projected values .This model can be 

used as an improvement tool to help guide firms in understanding how to adjust their 

policies and practices to improve their overall performance. 
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 الممخّص  
 

حاولنا في ىذه الورقة تطوير نظام لقياس الأداء فيي الشيركات الإنشيائيةذ إذ عيرك بشيكل واسيل أن القيياس واحيد  
 من الخطوات الأولى في أي عممية تحسين  .

الذي     Data envelopment analysis (DEA) لتحميل المعتمد عمى مغمف البياناتقمنا باستخدام موديل ا 
يعد منحى حديث لتقييم أداء المنظمات ووحداتيا الوظيفية, يتميز الموديل بتجاوز قصور الموديلات السابقة بقدرتو عميى  

 لممؤسسات الإنشائية. تحديد قيمة الأداء الكمي من خلال التقييم الاقتصادي الفني البيئي والاجتماعي
شييركة إنشييائية فييي سييوريا وأظيييرت نتيجيية التحميييل  =9لقييد طييور النمييوذج باسييتخدام معطيييات حقمييية جمعييت ميين 

ميين ىييذه الشييركات تعمييل بعييدم فاعمييية, وأظييير البرنييام  القيييم المخططيية التييي يجيي  أن  29أن  DEAباسييتخدام برنييام  
 ة.تعمل عمى تحقيقيا ىذه ا لشركات حتى تصبح فعال

يتمييز المودييل باسيتخدامو كي دا  لمتحسيينذ إذ ييدل الشيركات عميى كيفيية تعيديل سياسياتيا وتقنياتييا لتحسيين أدائيييا 
 الكمي.
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Introduction: 
 

It's widely recognized that, in the long term, the success of both individual 

construction firms and the industry will depend on improving performance by continually 

acquiring and applying new knowledge. This will require a more comprehensive 

understanding of how existing practices can get better. Construction firms therefore 

recognize the need for benchmarking tools that provide perspectives on both their current 

practices and existing shortcomings versus industry leaders. 

Benchmarking aims at comparing the performance of firms relative to each other.  It 

also aids in the identification of the industry leaders that exhibit superior performance, due 

to their best industry practices. (Camp 1989,1998) view benchmarking as a positive, 

proactive process to change operations in a structured fashion .Camp (1989) divides 

benchmarking into two parts as shown in Figure -1-:  practices and metrics. Practices are 

defined as the methods that are used; metrics are the quantified effect of installing the 

practices. Camp (1989) indicates that management, commitment, organization, 

communication and employee participation are essential to the benchmarking process, and 

that the sum of these actions is what leads to superior performance. The Construction 

Industry Institute (CII) adopts the following definition of benchmarking (Hudson, 1997): a 

systematic process of measuring one‟s performance against results from recognized leaders 

for the purpose of determining the best practices that lead to superior performance when 

adapted and implemented. In spite of the increased interest in performance improvement in 

Syria in recent years, there have been no serious attempts to create and apply 

benchmarking systems or models as a tool to improve performance. This has led us to 

research existing benchmarking models in an attempt to develop a new performance 

benchmarking model, a model that is both convenient and can be used as an improvement 

tool for managers with their current practices, and to help improve future performance and 

be capable of guiding the Syrian construction industry towards more efficient and effective 

performance. 

 

Importance and Aims of this Research: 
 

The interest in benchmarking performance started in 1979. The Xerox corporation 

initiated a process called competitive benchmarking to examine its unit manufacturing 

costs. Metrics in areas such as production costs, cycle time, overhead costs, retail selling 

prices, and product features were identified, and the performance of Xerox was ranked in 

relation to that of its competitors for those metrics. Xerox continued to develop the concept 

of competitive benchmarking through the 1980s by establishing formal training on the 

subject and introducing the concept to others. Other companies such as GTE, began to use 

the term as early as 1983, but it was not until the late 1980s that benchmarking really came 

into the public domain. (Spendolini, 1992) concludes that Xerox made it clear to the world 

that benchmarking is one of the keys to success. During the 1990s there had been 

considerable interest in benchmarking in manufacturing and other service industries. The 

successful implementation of benchmarking is reflected in the large number of 

publications which address the concept, application and limitations of benchmarking 

(Camp 1989), (Spendolini 1992), (McNair1992), (Macneil, J., Testi, J. 1994). As 

manufacturing has been a reference point and source of innovations in construction over 

the years, it is no wonder that construction researchers looked to benchmarking for 

guidance to measure construction performance. 
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The ever-rising consumer requirements and expectations have increased demands for 

continually introducing improvements in the cost, timing, and quality of the construction 

output. As world competition intensifies, leading construction organizations throughout the 

world continue to be more active in enhancing their competitive position by improving 

their performance. Thus, setting new operating targets and standards for national markets is 

a must. This dynamic mechanism and well-known fierce national competition have raised 

the awareness of performance measurement (benchmarking) among the majority of 

construction organizations. 

An exhaustive search of the published literature related to benchmarking was 

conducted by (Dorsch &Yasin1998). The time frame for this study of published material 

spans from the appearance of the earliest benchmarking articles, in 1986, through the end 

of 1995; they found that: 

(1) the quantity of practitioner-type articles greatly exceeds the quantity of academic 

articles related to benchmarking; and 

(2) that the overall number of articles related to benchmarking has increased 

dramatically in recent years. 

The growth in the benchmarking body of knowledge proved that benchmarking has 

the potential when utilized systematically to enhance organizational efficiency and 

effectiveness for organizations in both the public and private sectors 

 

 
 

Figure - 1- Camp’s generic benchmarking process. Source: Camp (1989) 

 

 

Due to (Camp, 1989 ; Spendolini, 1992) There are five important benefits of 

benchmarking:  

• More adequately meeting customer requirements.  
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• Establishing effective goals and objectives.  

• Determining true measure of productivity.  

• Attaining a competitive position.  

• Becoming aware of and searching for industry best practices.  

Constructing Excellence in the Built Environment is the organization leading the 

transformation of the UK construction industry by improving quality, cost, delivery and 

safety in the built environment. Through a range of tools focused on business 

improvement, performance measurement and knowledge dissemination, it recognized that 

the use of KPIs (key performance indicators) as an effective performance measurement 

system. This measurement system is well established in other industries but it is only in the 

last few years that the construction sector has looked to employ them. At that time, 

construction related organizations have benefited from using KPIs designed by 

Constructing Excellence and have realized what a powerful tool they are. (Dorsch, 

Yasin,1998) summarized the experience of many organizations. They showed  that 

benchmarking, especially when used in association with total quality management and 

continuous quality improvement, is thought to have its place in today's business 

organization. Benchmarking is a multi-faceted technique that can be utilized to identify 

operational and strategic gaps, and to search for the best practices that would eliminate 

such gaps. (Halachmi, 2002a) offered an expanded list of reasons in support of introducing 

performance measurement as a promising way to improve performance, some of them 

include: 

 if you cannot measure it you do not understand it; 

 if you cannot understand it you cannot control it; 

 if you cannot control it you cannot improve it; 

 if they know you intend to measure it, they will get it done; 

 if you do not measure results, you cannot tell success from failure; 

 if you cannot see success, you cannot reward it; 

 if you cannot reward success, you are probably rewarding failure; 

 if you will not recognize success you may not be able to sustain it; 

 if you cannot see success/failure, you cannot learn from it; 

 if you cannot recognize failure, you will repeat old mistakes and keep wasting      

resources; 

(Lee,Thomas,Richard,2005) recommended that measurement is one of the first steps 

in any improvement process. As a result, performance measurement is not just an optional 

choice to he improvement process that can be included if funds permit, performance 

measurement is the essential first step to any improvement process that is capable of 

enhancing the whole-life quality during the project lifecycle. This makes the development 

of a performance benchmarking model very important. Its goals should be to: 

 -Enable construction companies to benchmark their performance by providing  

overall performance that covers all required aspects of performance that are needed in a 

highly current  competitive environment  

-Allow for identification of practices that lead to a firms superior overall performance 

 

Research Methods and Tools:  
 

To achieve the aims of the research,  we have followed the steps below:  

- literature reviews about performance benchmarking and models 
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- the development of a performance benchmarking model by adapting one of 

the existing models to include Syrian construction companies needs and adding new 

current performance requirements 

- applying the developed model to a random sample based on  actual field 

data  collected from 37 Syrian construction firms 

- analyzing the data with DEA software  

 

 Benchmarking Models in Construction: 
 

Adding to the complexity of the benchmarking task is the current industry structure 

and fact that a number of organizations get involved in the design and construction of a 

single project. Benchmarking only works if consistent methods of measuring the 

performance of operations can be developed and introduced. Due to the above stated facts, 

information on the performance of the construction industry as a whole is relatively scarce. 

There have been some initiatives concerned with the establishment of performance 

measurement systems for benchmarking in different countries, these are Fisher (1995), 

Hudson (1997) & CII (2000), CBBP(1998), SISIND (2000). They have proved that the 

benchmarking concept can be related and adapted to the unique working environment of 

the construction industry and they aimed to offer some guidance for performance 

measurement, provide some benchmarks that could be used by individual companies to 

establish their business goals and objectives, and to identify the best practices in the 

industry.  Some of these models are listed below: 

 

1. Fisher et al. (1995) Benchmarking Model 

Fisher (1995) benchmarking model is probably the first notable benchmarking effort 

in the construction industry. They chose actual versus authorized cost, actual versus target 

schedule, actual versus estimated construction labor, and change orders versus original 

authorized cost (scope changes). 

 

2. Hudson (1997) and Construction Industry Institute Benchmarking 

Model (2000) 

Hudson (1997) performed his benchmarking study under the guidance of the 

Benchmarking and Metrics Committee (BM&M) of CII.. Hudson states the objective of his 

research as to mainly Establish a base set of metrics for systematic evaluation of project 

performance, Hudson‟s metrics were safety-health environment, schedule, cost, changes, 

rework.  

 

3. Construction Best Practice Program Benchmarking Model (1998) 

The Construction Best Practice Program (CBPP) benchmarking model is called the 

Key Performance Indicators (KPIs). The KPI framework consists of seven more groups: 

Time, cost, quality, client satisfaction, client changes, business performance, health and 

safety. For more information about  indicators, you can see (KPI report,2000) 

 

4. Performance Measurement System for Brazilian Construction Industry (SISIND) 

The SISIND project was established in 1993 in Brazil. It is a performance 

measurement system ( system of quality and productivity indicators for the construction 

industry ). The SISIND project initially devised a set of 35 performance indicators for the 

residential and commercial building segment of the industry. Ten indicators have been 
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chosen by research team and industry representatives.  They are : Cost deviation – time 

deviation – (non-conformity) index for critical processes- percentage of plane completed –

supplier performance- degree of user satisfaction –sales time – ratio between the number of 

accidents and man total man-hour input – construction site best practice index – degree of 

internal client (workers) satisfaction. (Lantelme and Fromoso,2000) 

 

Analysis of the Existing Construction Benchmarking Models: 
 

The existing construction benchmarking models Fisher (1995), Hudson(1997)& 

CII(2000),CBBP(1998), SISIND(2000) that were discussed in the previous section fall 

short in two main respects: 

- the existing benchmarking models report project-level industry norms of some 

performance metrics (i.e., cost, schedule, ..etc.).  This not allows detecting overall 

performance of the firm. We have no means to answer the following question: Where does 

a certain firm stand compared to the other firms when considering overall performance 

(i.e., all metrics simultaneously)? (Towill 2001 ) stresses that it is important to emphasize 

that improvement in one business performance metric (say cost) must not be sought at the 

expense of another say quality or safety. For example, if quality performance has improved 

but our schedule performance has declined.  How can one determine whether this trade-off 

is favorable or not favorable? That is, whether the overall performance is better or worse.  

It is important to show the relationship between the different measures from a holistic 

viewpoint to know if we have improved or not. This limitation also makes it difficult to 

identify practices that lead to superior firm overall performance, because with existing 

models we only have individual metrics. In order to know the overall performance we need 

to assign weights which may be arbitrary and subjective.  Thus we will not get accurate 

values. 

-With previous models, the relationship between expenses and the performance is 

absent. As two firms that arrive at the same performance are considered to be similarly 

efficient. And from economical point of view we have to consider the firm that commits 

fewer resources to arrive at a certain performance as a better performer than the firm that is 

spending more resources to arrive at the same performance. Construction firms need a 

model that provides perspective on its direction and rate of improvement. Existing models 

have serious limitations to guide the industry into both benchmarking and identifying 

practices of superior performance. As we can consider the performance superior when it is 

measured as certain overall value, here we guarantee that the improvement on one metric is 

not on expense of other one.Thus, a new benchmarking model was proposed by (EL-

MASHALEH,2007). The proposed model is robust enough to address the limitations of the 

previous benchmarking models. The model provides an overall firm level performance 

measure and supports trade-off analysis among the several metrics of performance.  

Additionally, the proposed model relates the effort expended on the metrics of 

performance to the level of performance of those metrics and aids in the identification of 

management practices that lead to superior performance. The proposed benchmarking 

model is deployed using a technique called Data Envelopment Analysis (DEA), that 

evaluates efficiency which refers to the relationship between scarce factor inputs (project 

management expenses) and outputs (schedule, cost, costumer satisfaction, safety and 

profit).  He used this relationship to evaluate efficiency in terms of physical output and 

cost. If we plan to identify and determine the best possible (optimal) combination of inputs 

to produce a given level of output, then we are talking about technological or technical 
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efficiency.  On the other hand, if we want to determine the optimal combination of inputs 

that will minimize the cost of producing a given level of output, then we are talking about 

economic efficiency or cost efficiency. This kind of efficiency requires the availability of 

input prices. 

EL-MASHALEH developed Technical Economic Benchmarking model that provides 

the firms overall performance.  This model has been proven to be inefficient due to a 

several recent studies. New directions have to be considered in performance measurement, 

such as environmental and social efficiency.  (Hendrickson and Horvath 2000) stated that 

construction projects pose enormous challenges to not only finish within an owner‟s 

schedule and budget, but to also eliminate and minimize harmful impacts to the 

environment. Although the topic of environmental management systems is fairly new to 

the construction industry, recent literature supports the need for construction firms to 

consider developing and implementing such systems. An increasing number of 

construction firms are becoming certified to international standards worldwide, especially 

the International Organization for Standardization (ISO) 14001 series, which provide 

guidelines for implementing an EMS. There are over 36,000 organizations in 112 countries 

that have received ISO 14001 certification (ISO 2001).  Japan is leading the world with 

over 8,000 certifications.  Construction firms are realizing that environmental management 

is a primary key to their success. They understand that it is imperative to eliminate or 

minimize harmful environmental impacts from construction. This will lead us to consider 

the environmental impact when benchmarking performance and the social benefit for 

construction sector in the Syrian government.  The government stated at it's tenth fifth plan 

it's future vision for the construction sector.  That within the next two decades the 

construction sector has to follow the national policy to achieve sustainable development 

and achieve its long term targets.  

The quantitative targets as mentioned at tenth fifth plan for the Syrian government 

are : 

- To achieve  average yearly growth by 12% 

- To contribute at creating working opportunities at high skills nearly (150000 

working opportunity) 

- To contribute at GDP (gross domestic production)  to 2.6% 

As such, a developed benchmarking model is proposed in the following that will 

cover all the required aspects of performance that are needed in the highly current 

competitive environment.  The model will be aimed at benchmarking economical, 

technical, environmental, and social performance for construction firms. 

 

Introducing  Data Envelopment Analysis (DEA) Model: 
 

DEA was initiated by, (Charnes 1978 and Rhodes 1981), based on the work of 

Farrell. Farrell (1957) proposed the notion of the structural efficiency of an industry.  

Structural efficiency is essentially a measure of the extent to which an industry tracks the 

performance of its own most efficient firms.  It enables firms to assess their relative 

efficiencies compared to other firms in the industry.  DEA is concerned with evaluation of 

performance and it is especially concerned with evaluating the activities of organizations 

such as business firms, hospitals, government agencies, etc. 

In this section, the CCR model (Charnes - Cooper - Rhodes) of DEA is presented to 

demonstrate the technical details involved.  DEA was accorded this name because of way 

it envelops observations in order to identify a frontier that is used to evaluate observations 
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representing the performance of all the entities that are to be evaluated. The term "Decision 

Making Units "(DMU) was therefore introduced to cover any such entity to be evaluated as 

part of a collection that utilizes similar inputs (i.e., resources, personnel, money, etc.) to 

produce similar outputs (i.e., sales, profits, customer satisfaction, metrics of performance, 

etc.) and this evaluations results in a performance score that ranges between zero and unity 

and represents the "degree of efficiency " obtained by the evaluated entity.  DEA also 

identifies the sources and amounts of inefficiency in each input and output for every DMU.  

DEA utilizes mathematical linear programming to determine which of the DMU's under 

study form an envelopment surface.  DEA owes its popularity to three inherent powerful 

features: 

 It has the ability to incorporate multiple inputs and multiple outputs particularly 

when it is used in conjunction with linear programming. Linear programming can handle 

large numbers of variables and relations (constraints). 

 DEA has no priority assumptions. There is no need to assign weights to the 

different inputs and outputs. The weights are derived directly from the data, freeing the 

user from arbitrary, subjective weightings. 

 The measurement units of the different inputs and outputs need not be congruent. 

Some may involve the number of persons, areas of floor space, money expended, etc. The 

various scaling adjustments required for graphical purposes do not affect the relationships 

among the variables themselves in any way.  

Example 

This example illustrates the basic idea behind DEA as explained by (El-

MASHALEH,2001) . Table -1- lists performance of 9 firms each with two inputs and one 

output. Input x1 is the number of employees (unit:10), Input x2 is the operating expenses 

(unit: $100,000). Output y represents revenues (unit: $1,000,000). 
 

Table -1- DEA example 

 

 
 

Figure -2- plots the firms Input x1/Output y and Input x2/Output y as axes. From the 

efficiency point of view, it is natural to judge firms that use fewer inputs to get one unit of 

output as more efficient.  We therefore identify the line connecting C, D, and E as the 

“efficient frontier.” This frontier should touch at least one point and all points are therefore 

on or above (in this case) this line.  Note that we can “envelop” all the data points within 

the region enclosed by the frontier line, the horizontal line passing through C and the 

vertical line through E, suggesting the name Data Envelopment Analysis. 

The relative efficiency of firms not on the frontier can be measured by referring to 

the frontier point as follows. For example, firm “A” is inefficient. To measure its 

inefficiency, let OA, the line from zero to A, cross the frontier line at P. Then, the 

efficiency of A is to be evaluated by: OP/OA = 0.8571. This means that the inefficiency of 

A is to be evaluated by a combination of D and E because the point P is on the line 

connecting these two points. D and E are called the “reference set” for A.  
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Figure –2-  Firm's  efficiency 

 

The CCR
1
 model will be used to benchmark the performance of construction firms.  

The following discussion is based on Cooper et al. (2006).  

Suppose we have n DMUs with m input items and s output items. Let the input and 

output data for DMUj be (x1j, x2j,…,xmj) and (y1j, y2j,…, ysj), respectively. Therefore, the 

input data matrix X is an (m×n) matrix and the output data matrix is an (s×n) matrix. For 

each DMU, we form the virtual input and output by (yet unknown) weights (vi) and (ur): 

Virtual input = v1 x1 + v2 x2 +…+ vm xm 

Virtual output = u1 y1 + u2y2 + …+ us ys 

Since we measure the efficiency of each DMU once, we need n optimizations: one 

for each DMUj to be evaluated. Following the DEA literature, let us designate the DMUj 

to be evaluated on any trial as DMU° where ° ranges over 1, 2,...., n. We solve the 

following fractional programming problem to obtain values for the input “weights” 

 (vi) (I = 1,…, m) and the output “weights” (ur) (r = 1,…, s) as variables. 

               (FP°) 

                max             θ = (u1 y1° + u2 y2° + …+ us ys°)/ (v1 x1° + v2 x2°+…+ vm xm°) 

       subject to   (u1 y1j + …+ us ysj) / (v1 x1j +…+ vm xmj) ≤ 1 (j = 1,…, n) 

v1, v2,…, vm ≥ 0 

u1, u2,…, us ≥ 0 

The FP attempts to maximize the objective function θ, which is the ratio of “virtual 

output” to “virtual input.” The constraints of the FP mean that this ratio should not exceed 

1 for every DMU. The resulted weights (vi) and (ur) from FP maximize the output to input 

ratio of DMU°, the DMU being evaluated. From the constraints, the optimal objective 

value θ = θ
*
 is at most 1. 

The above fractional program (FP°) is nonlinear. As such, linear programming can 

not be used to solve it. We therefore replace the (FP°) with the following linear program 

(LP°), which is called the Charnes-Cooper-Rhodes (CCR) model: 

 

(LP°) 

max              θ = (u1 y1° + u2 y2° + …+ us ys°) 

subject to       (v1 x1° + v2 x2°+…+ vm xm°) = 1 

                                                 
1
 For more information about DEA models you can see( COOPER, 2006) 
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                     (u1 y1j + …+ us ysj) ≤ (v1 x1j +…+ vm xmj) (j = 1,…, n) 

v1, v2,…, vm ≥ 0 

u1, u2,…, us ≥ 0 

The objective function of the LP is to maximize θ, which reflects the output of 

DMU°. The input of DMU° was set as a constraint that is equal to 1. The other constraint 

indicates that the outputs of the rest of the DMUs do not exceed their inputs. Clearly, the 

optimal value of θ = θ
*
 ≤ 1. 

Let us suppose we have an optimal solution of (LP°) which we represent by 

 (θ
*
 , v*, u*). We can then identify whether (DMU°) is CCR-efficient or not as follows: 

• (DMU°) is CCR-efficient if θ
*
 =1 and there exists at least one optimal ( v* , u*) 

with v* > 0 and u*> 0. This simply means that DMU° is on the efficient frontier. 

Compared to the rest of the DMUs, DMU° effectively converts its inputs into 

outputs. 

• Otherwise, DMU° is CCR-inefficient. 

In linear programming terminology, every LP has a counterpart that is called the 

dual. When taking the dual of a given LP, we refer to the given LP as the primal. If the 

primal is a maximization problem, the dual will be a minimization problem, and vice versa. 

The importance of the dual lies in its ability to provide additional economic insights. In our 

case, the dual enables us to determine all input excesses and output shortfalls.  Based on 

the preceding discussion, the CCR-efficiency model was formulated as an LP problem 

with row vector v for inputs and row vector u for outputs. Both u and v are treated as 

variables in the following primal LP problem, which is presented in vector matrix notation: 

(LP°)                max uy° 

subject to         vx° = 1 

                    -v X + u Y ≤ 0 

                       v ≥ 0, u ≥ 0 

The dual problem of (LP°) is expressed with a real variable θ and a nonnegative vector 

 λ = (λ1, λ2, ……, λn)
T
 of variables as follows: 

(DLP°)             min θ 

subject to         θ x° - X λ ≥ 0 

                       Y λ ≥ y° 

                        λ ≥ 0 

Table 2 shows correspondences between the primal (LP°) and the dual (DLP°) 
 

Table 2: Primal and dual correspondences. Source: Cooper et al. (2006 ) 

 

Constraint 

(LP°) 

 

Dual variable 

(DLP°) 

 

Constraint 

(DLP°) 

Primal variable 

(LP°) 

vx° = 1 θ θ x° - X λ ≥ 0 v ≥ 0 

 

-v X + u Y ≤ 0 λ ≥ 0 Y λ ≥ y° u ≥ 0 

 

(DLP°) has a feasible solution θ =1, λ° =1, λj = 0 (j ≠ °). Hence the optimal θ denoted 

by θ
*
, is not greater than 1. To convert the above inequalities into equalities, we introduce 

the input excesses s
- 
and the output shortfalls s

+
 and define them as “slack” vectors. 

(DLP°)               min θ 

subject to           θ x° - X λ - s
-
 = 0 

                          Y λ - s
+
 = y° 
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                          λ ≥ 0, s
-
 ≥ 0, s

+
 ≥ 0 

To discover the possible input excesses and output shortfalls, we solve the following 

two-phase LP problem: 

(DLP°) 

Phase 1               min θ 

Phase 2               min - s
-
 - s

+
 

subject to            θ x° - X λ - s
-
 = 0 

                          Y λ - s
+
 = y° 

                          θ ≥ 0 λ ≥ 0, s
-
 ≥ 0, s

+
 ≥ 0 

The objective of phase 2 is to find a solution that maximizes the sum of input 

excesses and output shortfalls while keeping θ = θ* . An optimal solution (θ* , s-*, s+*) of 

phase 2 is called the max-slack solution. If the max-slack solution satisfies s-* = 0 and s+* 

= 0 , then it is called zero-slack.  If an optimal solution (θ* , λ* ,s-*, s+* ) of the two LPs 

above satisfies θ* =1, and is zero-slack (s-*= 0, s+* = 0), then the DMU° is called CCR-

efficient. Otherwise, the DMU° is called CCR-inefficient. 

 

DEA Applications for Performance Benchmarking: 
 

Data Envelopment Analysis (DEA) is a recognized modern approach for the 

assessment of performance of organizations and their functional units.  DEA spans the 

boundaries of several academic areas including management science, operational research, 

economics and mathematics. The theoretical development of DEA has been driven by 

numerous applications in various areas, including industry, agriculture and the public 

sector. A testament to the continuing success of DEA, is this volume comprising some of 

the papers presented at the 4th International Symposium of DEA, held at the University of 

Aston in Birmingham, UK, The 4th Symposium continued the successful series of previous 

DEA events: Wernigerode (Germany, 1998), Brisbane (Australia, 2000) and Moscow 

(Russia, 2002). The DEA can be used in different sectors with different end results, such 

as: 

outside it, although they act in the form of natural monopoly 

n economic regulation  

ownership (e. g. private versus public) and organization (e. g. verticalization and 

horizontalization). 

There are a large number of papers that utilize DEA in performance benchmarking 

(Cooper, 2006)  .  

here are some of them displayed in construction field:  

-Mohammad El-mashaleh & Willam j. o'brien & Kerry London(2001): They describe 

a conceptual approach to measure and compare productivity of resource utilization  

- Rouse et al. (1997): This paper describes the application of Data Envelopment 

Analysis (DEA) to a highway maintenance setting, using measures of inputs, outputs and 

outcomes reported by New Zealand local authorities. A general framework of performance 

measurement is developed and illustrated . 

- Rui Cunha Marques &António Jorge Monteiro (2004) : The aim is to apply one of 

the benchmarking techniques available, which is the data envelopment analysis for 

assessing the water and sewerage services organizations comparative efficiencies. 
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- Hjalmarsson and Odeck (1996): to measure efficiency of trucks in road construction 

and maintenance.  The outputs were transportation work in kilometers per year, volume 

transported in cubic per year, effective hours in production per year 

- Mohammad S. El- Mashaleh & R. Edward Minchin, Jr.& William J. O'Brien (2007) 

The paper proposed benchmarking models using DEA. The proposed models allow 

construction firms to be evaluated on a company-wide basis and identify specific areas of 

improvement for individual firms. 

 

Development of Performance Benchmarking Model: 
 

The Data Envelopment Analysis model proved to be an appropriate tool to 

benchmark performance, so we chose it to utilize our research and to benchmark the 

performance of Syrian construction firms.  To choose the metrics of the benchmarking 

model we reviewed the existing literature and included the relevant metrics. We found that 

the design of the performance metrics has been the subject of research for some time.  

Camp (1989) states that benchmarking is the mechanism to insure that customer needs are 

satisfied by industry practices, so they have to be determined from the basic mission of the 

organization or business unit.  Camp argues that identifying what is to be benchmarked is 

often one of the most difficult steps in the process. Also, (Alarcón ; Serpell, 1996) 

interviewed people who were consulted on the objectives, benefits, and desirable 

characteristics of a performance measurement system, and on their own experience in the 

implementation of performance measurements.  They expressed that a performance 

measurement system should have the following characteristics: 

 

• Measurement parameters should be simple and limited in number. 

• Definition of the system objectives should be clear and transparent. 

 

Spendolini (1992) supports linking what is to be benchmarked to the Critical Success 

Factors (CSF) of a business, are the factors that have the greatest impact on the 

performance of the organization. The alignment of measures to the company strategies has 

been pointed out in the literature as a key point in the development, implementation and 

use of performance measurement systems. The findings of Neely (1999) indicate that the 

selection of measures aligned to the company strategies is an effective way to ensure that 

the chosen measures are the most appropriate.The extensive literature review enabled us to 

determine the performance metrics that give the best values and those that will form the 

basic elements of our performance model. 

 

Performance Metrics: 
 

From existing research we found that construction literature primarily concentrates 

performance measurement on basic indicators as: schedule, cost, quality, safety, profit and 

usually they are considered to develop the metrics of the firms overall performance. Since 

there are new international requirements of performance standards, and since we have 

some special circumstances in Syria as we previously referred to, we will add additional 

indicators to measure performance.  Also, from our study and analysis during our visits to 

many projects we consider it very necessary and crucial to include the following metrics in 

our measurements: ratio of changes, environmental performance and social benefit, in 

order that we obtain a benchmarking model to measure economical, technical, 

http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=El-Mashaleh%2C+Mohammad+S.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Minchin+Jr.%2C+R.+Edward&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=O%27Brien%2C+William+J.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
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environmental and social performance. We have  previously explained the importance of 

environmental performance as it has become an essential requirement during recent 

construction and also the importance of social benefit for public companies in Syria. We 

have found according to our previous research (2003), that there is usually a big ratio of 

changes occurring through the construction process and that these changes usually lead to 

many problems and delays.   Most of changes are due to insufficient surveys and planning.  

It's necessary to give surveys and planning a top priority in regards to measurement.  We 

must be able to measure it so that we can try and put policies together to try and eliminate 

the delays.  We noticed from our literature review that there is not a big concern about 

changes and delays, as most countries have developed a standardized system for dealing 

with these changes and usually have no noticeable problems with changes.  Below we 

display the metrics which we have selected for performance measurement and their 

calculations..  We measured benchmark performance of  construction firms for the last two 

years. 

1- Schedule Performance: 

Percentage of the projects are delivered on/ahead of schedule without additional 

period 

SP = (Number of projects delivered on/ahead of schedule / Total number of 

projects)* 100% 

2- Cost Performance : 

Percentage of the projects are delivered on/under budget without additional costs 

CP = (Number of projects delivered on/under budget / Total number of projects) 

*100% 

3- Costumer Satisfaction : 

Percentage of repeated business customers 

CSP= percentage of private customers that come back for a repeat business with the 

firm + percentage of  public costumer satisfaction 

4- Safety Pperformance 
 Recordable incidence rate: SAP = number of recordable accidents / number of 

employees 

5- Environmental Performance : 

Commitment to international standards for environmental management ISO 14000 

EP = percentage of commitment to ISO 14000 standards 

6- Change in Scope of Work : 

Percentage of change : CWP= cost of change / planed cost 

7- Profit : Net profit after tax : pp=(Net profit after tax as a / total expenditure )*100 

8- Social Benefit : 

Sb1P=The number of  permanent employees which have health and security 

assurance 

Sb2P= the value of annual executed projects by S.P  

9- PM Expenses: the project management personnel salaries and expenses 

We have also suggested measuring IT and employees insurance as expenses at the 

questionnaire but we have not been able to get complete information about them from 

respondents,  so we have excluded them from analysis. 

Customer satisfaction is measured in terms of the percentage of repeat business 

customers for the private sector, but for public customers there are not repeat customers 

because their contracts are usually bid so we evaluated there satisfaction depending on 

their opinions at the end of project. Due to the fact that this type of satisfaction is an 
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opinion this may include some subjectivity.  In order to help public projects, we 

recommend that Syrian firms design special forms (as those followed used by international 

firms) to objectively and subjectively measure client satisfaction levels for all phases of a 

project.Safety performance is usually measured using OSHA incident rates which are 

based on the Occupational Safety and Health Act (1970), which requires employers to 

record and report detailed accident information. As most construction firms do not have 

accurate safety information, we calculated it as a previous formula (SP = number of 

recordable accidents / number of employees), but it's preferable when information is 

available to follow the OSHA guidelines. Environmental standards are defined in many 

publications like (ISO 2002). The ISO 14001 standard defines an EMS as „„a management 

tool enabling an organization of any size or type to control the impact of its activities, 

products or services on the environment.‟‟ The ISO 14001 establishes a framework for 

managing through the development of formal processes, procedures and the environmental 

aspects of an organization. The standard contains 17 key elements grouped into five major 

areas: environmental policy, planning, implementation and operation, checking and 

corrective action, and management review. A unique aspect of the system is that it is 

designed to be appropriate for any company, regardless of industry, size, location, and the 

level of their environmental responsibilities(ISO 1996). 

We have selected a metric that measure the percentage of commitment upon these 

requirements for construction firms in our proposed model. 

As for social benefit, all of us noticed that the last fifteen years we have witnessed the 

growth of large interest on public investment criteria for benefit-cost analysis for projects 

and programs in both developed and less developed countries.  The criteria has been 

adjusted to allow for surplus labor, savings constraint and reinvestment benefit.Companies 

will generally have some direct benefits and costs that result from the goods and services 

they produce and the resources they use up. These goods and services and resources 

generally will involve market transactions. A company may also have external benefits and 

costs. These are the good things and the bad things that result from the projects and are 

imposed upon society rather than resulting from market transactions. This is the social 

benefit of projects.  If a project is profitable usually it will also be socially worthwhile and 

it is possible that a project may have a negative profitability and still be socially 

worthwhile. Usually the social benefit concerns are in regard to income distribution among 

different categories in society and we can explain the social sides as follows:  

- The effect on the creation of new job opportunities, number of job 

opportunities, percentage of employees  

- The effect of income distribution to the limited income categories 

- If the outcome is to serve the low income category   

In our case, we have to be concerned, as we previously mentioned, with the Syrian 

governments strategy to allow for surplus labor in construction sector.  So it is necessary to 

take this point into consideration when evaluating the companies outputs. Companies that 

employ permanent employees have important social outcomes including, but not limited 

to: workplace health and safety, employee retention, labor rights, human rights, wages and 

working conditions,  Naturally will perform better in the scope of social benefit. By 

including the social benefit metric we align the measures of performance to the strategies 

which has been pointed out in the literature a key point in the development, 

implementation and use of performance measurement systems. This new indicator adds 

value to our developed model from previous proposed models as it considers  The 

changing nature of work and the Changing organizational roles. Because rates of return on 
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social investment are hard to calculate and they include many standards which are out of 

the scope of this research, therefore we considered only two of its standards.  They include: 

the number of permanent employees which have health and security insurance and the 

value of annual executed projects by S.P as this indirectly benefits the largest number of 

people. 

 

Analysis of Results: 
 

To measure performance, we designed a survey questionnaire that contains questions 

on the selected metrics explained above to quantify the performance of construction 

companies.  We then applied it to a simple random sample that is of the best known 

probability sample where each member of the population has an equal probability of being 

selected. The data for this research was collected through a survey questionnaire of 

personal interview of respondents from firms in Damascus and Lattakia during 2007. 

Personal interviews need lots of effort, time and cost compared to other methods. We 

gathered information through a versatile and flexible direct communication with 

respondents, and the presence of an interviewer generally increases the response rate.  A 

few of the interviewers were confused about some questions so we clarified matters related 

to the questionnaire, and thereby obtained the most accurate responses.   We think that the 

personal interviews were the more effective way to obtain correct and complete 

information, and a relatively good response rate. If we had distributed the questionnaire to 

the employees without personal interviews we believe that they would not have responded 

in such a candid manner about their companies. Then we collected information about the 

firms overall performance. Firms are asked to supply their schedule performance, cost 

performance, customer satisfaction, safety performance, environmental performance, 

change status, profit, social benefit and expenses. Below we show the firms general 

information, the total number of respondents from each firm. There are 37 firms that 

execute yearly projects for more than 12,519 milliard SP. Only 1 firm is over 50 million 

SP, 2 are between 25-50 million SP, 6 are between 5-25 million SP, 15 are between 1-5 

million SP, 5 less than 1million SP, and 8 gain no profit which has special positions as 

most of them are public firms, and in accordance to Syrian government strategies, as 

mentioned above, they have a social responsibility in provide working opportunities and to 

allow for surplus labor, so all their revenues come back to surplus employees. It is also 

worth mentioning that most of the respondents are not convinced by these ratios of profit, 

due to non systematic ways implemented in Syrian contracts.  Also in the way the 

contractor is chosen and the obligation to decrease the price of labor in order to get the bid.  

This means that naturally there will be a decrease in the profit, which will reflect 

negatively on the quality of the projects, as said by respondents. 
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figure -3 -shows the respondents position by  annual profit 

 

 

We applied  DEA model using  DEA-Solver learning version LV3.0/ CCR(CCR-I) 

introduced by ( Cooper; Seiford; Tone 2006) which is input oriented model as we collected 

data about the project management expenses as input, the learning version can solve 

problems with up to 50 DMUs but for the professional version the problem size is 

unlimited in terms of the number of DMUs and inputs & outputs items within the capacity 

of an excel worksheet and the main memory of PC.  The DEA models named after the 

metrics of performance that each model includes, we will display the CCR model  that  

includes all metrics of performance. The following analysis represents the data and 

benchmark firms. The analysis supplies inefficient firms with projected values for the 

metrics of performance.  These projected values can guide the inefficient firms to 

improve their performance to become efficient at all the measured metrics. In the 

following table -3- there are the decision making units (DMUs) that are included in the 

CCR model  with inputs and outputs, as the letter (o) refers to output and the letter (I) 

refers to input, we coded them to keep confidentiality of firms. 

PM – project management expenses    , cs per: costumer satisfaction performance,  

S per: schedule performance, SA per: safety performance, E per: environmental 

performance, cw per: change performance     , p per: profit performance  

C per: cost performance, Sb per: social benefit performance, Sb2 per: social benefit  

Notice: as we want in the model to increase outputs we put safety as1/SA and the 

change performance as 1/CW.    
 

Table- 3- decision making units (DMUs) for the sample firms 

 

firms 

(I)PM 

EX % 

(O)S 

PER % 

(O)C 

PER % 

(O)CS 

PER % 

(O)1/SA 

PER  

(O)E% 

PER  

(O)1/CW 

PER % 

(O)P% 

PER  

(O)Sb 

PER 

(O)Sb2 

PER 

A 7.5 100 10 50 105.26 0 0.02 15 10 200000000 

B 3 100 70 70 1000 10 0.02 5 6 25000000 

C 3 70 10 50 22.72 0 0.0125 7 4 50000000 

D 10.7 90 40 80 1100 0 0.025 10 1100 1600000000 

E 12 0 0 0 540.45 0 0.05 0 2700 1000000000 

F 2.5 70 50 50 29.4 0 0.04 10 15 100000000 

G 4 50 50 80 17.55 0 0.05 10 10 25000000 

5 

16 

6 

2 
1 

7 
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2 
4 
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8 
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SP 
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SP 
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SP 
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number of 
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H 10 73 0 50 285.7 10 0.04 0 9650 4000000000 

I 7 10 0 30 285.7 0 0.017 0 1427 600000000 

J 3 100 0 80 602.4 0 0.05 0 100 500000000 

K 10 50 50 100 192.3 0 0.025 0 1917 1000000000 

L 10 70 0 90 1000 20 0.033 30 150 200000000 

M 20 50 75 85 833.33 20 0.033 0 1650 620000000 

N 12 50 20 70 625 20 0.05 0 1225 425744 

O 10 90 0 90 33.33 0 0.1 10 8 25000000 

P 15 90 0 80 31.35 0 0.04 7 14 75000000 

Q 4 60 60 80 33 0 0.2 6 20 60000000 

R 3 90 50 50 20 0 0.05 6 0 20000000 

S 5 60 80 70 1000 0 0.1 5 10 70000000 

T 10 90 10 90 1000 0 0.033 15 5 30000000 

U 20 85 50 80 129.87 20 0.066 30 30 100000000 

V 6 90 70 50 21.27 10 0.2 5 35 50000000 

W 10 40 10 90 14.49 0 0.066 5 4 25000000 

X 25 90 50 80 1000 20 0,033 5 15 30000000 

Y 15 90 80 70 55.55 20 0.2 5 5 50000000 

Z 8 0 0 50 11.11 0 0.04 5 8 25000000 

A1 15 98 60 50 60.24 0 0.1 10 10 50000000 

B1 5 50 50 50 1000 0 0.05 20 10 10000000 

C1 22 90 10 95 1000 50 0.025 30 59 100000000 

D1 12 0 0 90 909 10 0.04 25 70 800000000 

E1 5 90 20 50 1000 0 0.066 5 10 40000000 

F1 10 100 20 95 1000 0 0.05 3 5 60000000 

G1 5 90 20 60 1000 0 0.1 10 0 5000000 

H1 3 80 10 80 1000 0 0.1 5 5 4000000 

I1 10 90 70 70 38.3 0 0.1 10 3 35000000 

J1 10 98 0 95 17.46 0 0.02 5 15 30000000 

K1 10 90 80 70 10 0 0.033 20 10 10000000 

 

The next table -4- shows the descriptive statistics about performance metrics  
 

table -4- descriptive statistics about performance metrics 

 

Statistics on Input/Output Data         

  PM EX S PER C PER CS PER 1/SA PER E PER 
1/CW 

PER 
P PER Sb PER Sb2 PER 

Max 25 100 80 100 1100 50 33 30 9650 4000000000 

Min 2.5 0 0 0 10 0 0.0125 0 0 425744 

Avg 9.5324 71.189 31.756 69.459 460.1292 5.6756 0.9525 9.027 549.0541 314173669 

SD 5.5917 29.43 28.8101 21.0464 440.6855 10.537 5.341 8.5249 1647.669 710715812 

 

Tables -5a- 5b gives descriptive statistics about the results of model 1, the number of  

DMUs is 37 included 8 efficient and 29 inefficient ,the average of scores is 0.63 with 

standard deviation of 0.26 with maximum score is 1 and minimum score is 0.21. 
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Tables -5a -5b descriptive statistics about the results of model  1 

 

 

No. DMU 

   None 

    

No. of DMUs 37 

Average 0.629767 

SD 0.266083 

Maximum 1 

Minimum 0.215587 
 

 

No. of DMUs in Data =    37 

No. of DMUs with inappropriate Data =  0 

No. of evaluated DMUs =   37 

       

Average of scores =   0.629767 

No. of efficient DMUs =   8 

No. of inefficient DMUs =   29 

No. of over iteration DMUs =    0 
 

 

table-6- shows the results of the CCR model  using CCR-I model of DEA (we 

displayed part of them).  For each DMU, the results show the score, data, projection, 

difference between projection and data, and percentage difference between projection and 

data.  The projected values have great importance to inefficient DMUs, as by arriving at 

the projected values they have an opportunity to become 100 % efficient.  For example, 

firm C has to reduce expenses by 22.47% and it has to increase its cost performance by 

386.45% and increase 1/SA performance by 999.9% and 1/cw performance by 136.39% 

and social benefit performance by 149.68% and social benefit 2 by 22. 74%. 
 

table- 6- the results of the model 1 using CCR-I model of DEA 

 

No. DMU Score    

 I/O Data Projection Difference % 

1 A 0.52048673    

 PM EX 7.5 3.9036505 -3.59635 -47.95% 

 S PER 100 100.693133 0.6931335 0.69% 

 C PER 10 71.9841582 61.984158 619.84% 

 cs PER 50 72.7524107 22.752411 45.50% 

 

1/S 

PER 105.26 105.26 0 0.00% 

 E PER 0 0.1536505 0.1536505 999.90% 

 

1/cw 

PER 0.02 5.88E-02 3.88E-02 194.03% 

 P PER 15 15 0 0.00% 

 Sb PER 10 169.566393 159.56639 999.90% 

 

Sb2 

PER 200000000 200000000 0 0.00% 

2 B 1    

 PM EX 3 3 0 0.00% 

 S PER 100 100 0 0.00% 

 C PER 70 70 0 0.00% 

 cs PER 70 70 0 0.00% 

 

1/S 

PER 1000 1000 0 0.00% 

 E PER 10 10 0 0.00% 

 

1/cw 

PER 0.02 0.02 0 0.00% 

 P PER 5 5 0 0.00% 

 Sb PER 6 6 0 0.00% 
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Sb2 

PER 25000000 25000000 0 0.00% 

3 C 0.77526882    

 PM EX 3 2.32580645 -0.674194 -22.47% 

 S PER 70 70 0 0.00% 

 C PER 10 48.6451613 38.645161 386.45% 

 CS PER 50 50 0 0.00% 

 

1/S 

PER 22.72 344.775484 322.05548 999.90% 

 E PER 0 3.09677419 3.0967742 999.90% 

 

1/CW 

PER 0.0125 2.95E-02 1.70E-02 136.39% 

 P PER 7 7 0 0.00% 

 Sb PER 4 9.98709677 5.9870968 149.68% 

 

Sb2 

PER 50000000 61367741.9 11367742 22.74% 

4 D 0.70911975    

 PM EX 10.7 7.58758137 -3.112419 -29.09% 

 S PER 90 110.672823 20.672823 22.97% 

 C PER 40 62.3459359 22.345936 55.86% 

 CS PER 80 82.1007656 2.1007656 2.63% 

 

1/S 

PER 1100 1100 0 0.00% 

 E PER 0 10.4459113 10.445911 999.90% 

 

1/CW 

PER 0.025 4.57E-02 2.07E-02 82.70% 

 P PER 10 10 0 0.00% 

 Sb PER 1100 3819.95536 2719.9554 247.27% 

 

Sb2 

PER 1600000000 1600000000 0 0.00% 

 

Conclusion & Recommendations:  

The benchmarking model is developed using field data collected from 37 Syrian 

construction firms. The analysis using the DEA software seems to show that 29 of the 37 

firms are functionally inefficient. The software also provided each firm with projected 

values that they must meet in order to become efficient. This developed benchmark model 

addresses the limitations that have been previously identified in other benchmarking 

models. The ability of this benchmark model to better access economical, technical, 

environmenta,l and social performance for construction firms is what makes it 

superior.  The model, currently used industry-relevant metrics most frequently identified 

in the literature, measures the overall efficiency of a construction company by adding new 

performance metrics that are required in this currently highly competitive market. The 

newly developed model allows construction firms to be evaluated for overall performance 

and identify specific areas for improvement.  It also allows for individual firms to become 

as efficient as the most efficient firms in industry. This model is distinguished by its ability 

to analysis large number of firms (DMUS) and metrics (inputs and outputs). We 

recommend the use of the developed benchmarking model as the first step in improving the 

performance of Syrian construction firms, and to help in the expansion of research by 

allowing construction firms to apply this model to all types of industry. 
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