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ABSTRACT 

Construction industry is the second largest sector in India. 

Due to its wide socio economic status,   it has been a major 

area of research as well. Construction industry is known for 

heavy wastes during production, construction planning, 

administration etc. Lean is often characterized by 

minimization of waste.  Present paper aims to explore the 

various lean metrics which helps to reduce wastages in 

construction thereby improving work quality in the product 

development process. It further studies the interrelationship 

amongst them using ISM methodology.  
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1. INTRODUCTION 
Construction sector bags the second position in India only 

after agricultural sector. It primarily contributes towards the 

socio-economic development of a country and directly or 

indirectly impact many other industries and hence a house to 

many large scale , medium to small scale industrial , 

construction and manufacturing projects .  Fast track projects 

with long and complex multiple supplier supply chains and 

extensive changes in process designs often results in complex 

flow management which if not checked timely, failed 

miserably. This failure does not come alone. It is 

accompanied by delays in goods delivery as well as cost and 

time overruns. Other factors responsible for such delays 

include lack of knowledge amongst workers, negligence 

towards work, choice of wrong construction process and 

improper material procurement, handling, supply and 

manufacturing.  This results in backorders and sometimes lost 

sales as well i.e. a very high level of wastes and non value 

added activities add on to the production costs. This 

significant increase in waste as contended by lean 

construction institute [1] which usually contributes to around 

57 % of productive time waste can be handled by taking 

appropriate measures. This calls for appropriate practical 

ideas and techniques to be used in construction to help the 

project teams deal with wastages in construction with the 

optimum use of resources and this can be achieved by using 

lean construction and techniques.  

1.1 Lean construction and identification of 

causes of waste 
Lean is often characterized by minimization of waste.  

Various wastes in the construction industry have been 

categorize into headings such as mal-administration wastes  

(which includes   lack of transparency, lack of team work , 

lack of experienced staff , lack of training programs , lack of 

risk management plans , poor safety etc.) ; design 

management wastes (inadequate time given for planning and 

design stage , design changes by clients , improper 

documentation of design data,  lack of past project review and 

delay in drawing approval ;  construction planning and site 

management waste (unnecessary work , rework , poor 

planning, lack of proper supervision , poor communication , 

waiting time , excessive inventory, human error etc.). Various 

lean tools which are frequently used in construction industry 

are value stream mapping for permitting systematic view of 

value flow process [2], integrated project delivery (IPD) 

which encourages communication and collaboration among 

participants [3], last planner system (LPS) which adds value 

through structuring the planning and ensuring proper flow 

process ([4]) etc. 

1.2 IT based applications for lean 

construction  
Since lean practices started with its applications and use in the 

manufacturing industry and gradually it got implemented to 

the distinguishing characteristics of the construction business 

[5]. Some of the oldest practices at the origin of lean 

construction are the last planner system, pull scheduling and 

just-in-time delivery [4]. Eventually it got extended to include 

the practices such as concurrent engineering and virtual 

design and construction (also known as building information 

modeling) and set based design [6]. Its application in 

construction industry can be compared to a train model in 

which the workers moves over the construction site 

completing the required activities. The key idea is that it is not 

possible to move only one coach independently, but all of 

them should move together. Some of the common lean 

practices are Building Information Modeling (BIM) /Virtual 

Design and Construction (VDC) (usually used to improve the 

efficiency of the design phase, reduce the time taken and 

quantity take off,  increase the percentage planned-complete 

by a considerable amount, increases reliability and visibility 

through 3D/4D virtual models [7] ; cloud computing (usually 

used for rapid visualization of demand and supply data and for 

instant tracking of construction material status in the supply 

chain , for merging and synchronizing multiple sources of 

information for better communication among various 

stakeholders [8] ; Common Data Environment (CDE) ( used 

to collect, manage, share information and disseminate all 

relevant documents among various stakeholders [9] ; Data 

Mining ( helps to extract repeated and useful patterns from a 

large data set to predict the outcome of future events([10];  

Geographical Information System (GIS)  ( used for providing 

access to asset data within reasonable time for site feasibility 

analysis, and efficient use of equipment [11];  GPS Support 



International Journal of Computer Applications (0975 – 8887) 

Volume 181 – No. 47, April 2019 

19 

System  - GPS helps in tracking the whereabouts of fleet of 

assets in order to reduce lead-time at work sites with 

improved delivery and customer satisfaction ([12]); On-site 

vision tracking and use of CCTV (for effective positioning of 

personnel in construction sites, activity sequence analysis, 

enhancing pull flow mechanism, better localization of tools 

and material, detection of conflicts, visualization of waste and 

safety on site [13];  Virtual Reality (VR) and Augmented 

Reality (AR) and Web-Based Information System (for 

reducing processing time, increasing RFI transparency, 

enhancing flow reliability [14]. In addition to the various 

practices mentioned above, lean implementation also gets 

influenced by organizational culture factors ([15],[16]).  The 

establishment of a performance evaluation system is among 

the critical success factors for implementing Lean in 

manufacturing industries [17]. 

The objectives of the paper are to explore the various lean 

metrics widely used by construction industry in developing 

countries and to further study the inter-relationship amongst 

them through ISM methodology. Paper is organized as 

follows. Section 2 deals with literature review. Section 3 

describes the ISM methodology. Section 4 discusses the case 

problem and constructs the ISM model and the diagraph. 

Section 5 discusses the managerial implications and directions 

for future research.  

2. LITERATURE  REVIEW  

2.1 Literature review on KPIs and metrics 

in construction industry  
Formerly, construction companies used financial measures to 

measure and evaluate their performance but over a period of 

time these measures became less important as management is 

more interested now days in up to date and mostly non- 

financial information to make better management decisions 

[18] and financial indicators are mostly lagging indicators. 

After a long dependence on financial measures, many studies 

and researches have been conducted to develop performance 

measurement frameworks that included financial and 

nonfinancial indicators. Often these indicators known as KPIs 

or metrics reflect the organization’s perspectives as well as 

application specific perspectives such as project and supplier 

for construction [19]. Key performance indicators (KPIs) or 

metrics are compilations of data measures used to assess the 

performance of a construction operation [20]. KPIs play a key 

role in providing information on the performance of 

construction tasks, projects, and companies. Identification of 

key performance indicators often emerged as the applications 

of benchmarking. [21] mentioned productivity ,  safety , 

profitability  ,  customer satisfaction , growth  and  

predictability. [22] explored the key performance indicators or 

measuring construction success. As per construction industry 

research and information association (CIRIA)1, understanding 

client needs , design process,  integration of design with SC  

internal cost/ time management , client / user satisfaction , 

innovation , risk  , reuse of design experience and internal cost 

/ time management are the important KPIs . [23] indicated the 

various criteria such as leadership , customer focus , 

stakeholder focus  partnership and supplier management  risk 

management , resource management  internal stakeholder 

performance, external stakeholder performance  

organizational performance etc. from view point of 

contractors for success in construction industry  . Similarly, 

[24] presents a computerized model for measuring and 

benchmarking the partnering performance of construction 

projects and proposes various KPIs such as time performance   

cost performance, quality performance, trust and respect, 

effective communication and innovation and improvement for 

measuring performance in construction industry. [25] 

illustrates the application of KPIs with respect to south eastern 

European construction. [26] presents various factors 

contributing to the success of equipment intensive sub 

contractors in construction.  [27], [28],[29] critically evaluates 

the success factors for construction industry and building 

projects with respect to Malaysian building sector, Lithuania 

construction industry and Norwegian construction industry 

respectively. Kristensen et al.  [30] presents the performance 

measurement indicators with respect to building design 

process.  They found that  punctuality ,  active participation , 

PPC , Proofing , time consumption ,  request for information , 

completeness and conformity  , client satisfaction , 

collaboration,  total cost  and environment management are  

key performance indicators for achieving success in 

construction industry . [31] diagnose the impact of 

contractors' attributes on construction project success post 

construction. 

2.2 Literature on Lean construction 

metrics  
Lean metrics are quite popular in manufacturing academia 

([32],[33], [34]). This study is focused on the effects of Lean 

as a consequence of its implementation rather than assessing 

the level of leanness of companies.  Establishing a 

performance evaluation system can be part of the strategy for 

the success implementation of Lean practices [17]. The 

challenges in the Lean construction implementation do not 

come only from the adaptation of Lean to a project based 

setting, but implementing Lean has some challenges itself. 

[15] established a new set of principles for engineer-to-order 

production systems, which can be directly related to the 

construction industry and [17] named six critical success 

factors for the Lean implementation of small and medium 

companies as most of the subcontractors in the construction 

industry. The common factors found in the implementation 

process of Lean and performance measurement systems are 

the commitment and support from the management and the 

involvement of employees, either when creating indicators or 

developing Lean practices through their participation 

([17],[35]-[37]). As seen in the interviews and confirming 

[38], project evaluation focused on costs as main factor, while 

other metrics such as schedule accomplishment, quality or 

other HSE factors were less valued. As per [39], evaluation 

framework proposed four areas of metrics in lean construction 

viz. core project metrics, customer metrics, workers metrics 

and environmental metrics. This paper focuses on the lean 

metrics proposed by [39] which are described as follows:  

 Project metrics: Core project metrics contains the 

most common aspects currently used in the 

evaluation of projects such as schedule, cost, quality 

or HSE aspects. Major core project metrics are 

project completion time (PCT); project budget (PB); 

average Per cent Planned Completed (PPC) of 

planned tasks (PPC) and warranty costs (WC) (This 

could be per meter cube). 

 Customer metrics: These metrics can be the 

tabulated values obtained from results of a survey 

(usually on a scale of 1 to 10).  This area is expected 

to be filled in the early phases of the project and it 

should contain the specific expectations of the final 

user, often represented by the project owner. This 

metrics includes predictable completion time 

(PrCT); predictable results (PR) and low energy 
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consumption (LEC) in use. 

 Worker’s Metrics:  These metrics could be the 

tabulated values according to the results from 

evaluators’ assessment of his workers. These 

metrics include safety (SFT); predictability (PRED); 

internal collaboration (IC) and external 

collaboration (EC); tidiness (TIDY) and absence 

rate (AR). 

 Environment metrics: Environmental metrics are 

aimed to provide information about specific 

circumstances that could affect the development of 

the project. It is clear that extreme weather affect 

the working conditions, especially in construction. 

Establishing some thresholds value for temperature, 

rain or snow can facilitate the inclusion of its impact 

on the project. Obviously, employees still work 

behind those thresholds, but it is also clear that they 

would need breaks more often or require more time 

for the same tasks. Major metrics could be weather 

this includes temperature (TEMP) and rainfall 

(RFM) measurement and changes in terms of man 

hours (MH) (this includes flexibility and rework). 

Therefore, 14 lean metrics viz. PCT , PB   PPC ,  PrCT , PR, 

LEC , SFT , IC , EC , TIDY , AR  , TEMP , RFM and MH 

have been recognized and their interrelationships have been 

studied using the ISM Methodology which has been explained 

in the next section.  

3. INTERPRETIVE STRUCTURAL   

MODELLING   METHODOLOGY  
Interpretive Structural Modeling or ISM first proposed by 

Warfield [40] is a computer assisted learning process that 

enables the researcher to develop a map of the complex 

relationships between the many elements involved in a 

complex situation. In this technique a set of unique 

interrelated variables are structured in the form of a hierarchy 

graph called the diagraph. Its steps are as follows: Firstly, 

identify the relevant elements and establish a contextual 

relationship amongst them. Thereafter, develop a structural 

self-interaction matrix (SSIM) using V, A, X & O where the 

symbols have the following meanings i.e. V for the relation 

from i to j but not in both directions; A for the relation from j 

to i but not in both directions; X for both direction relations 

from i to j and j to i; and O if the relation between the 

variables does not appear valid. Using SSIM, initial 

reachability matrix can be formed which has all values in 

binary form. A final reachability matrix is formed after 

removing transitivity from initial reachability matrix. From 

the final reachability matrix, the reachability set and 

antecedent set for each criterion and for each element is found 

[40]. The element for which the reachability and intersection 

sets are the same is the top-level element. At every iteration a 

top level element is identified which is removed in the next 

iteration. After all the elements have been identified at 

different level of hierarchy, a Mic-Mac analysis (based on the 

driving power and dependence power) and a diagraph can be 

formed.   

4. DEVELOPMENT OF ISM MODEL  
This section develops the ISM model for studying the 

interrelationships amongst the metrics in building and 

construction industry.  The 14 lean  metrics considered are  

project completion time (PCT); project budget (PB); average 

PPC (PPC) and predictable completion time (PrCT); 

predictable results (PR) and low energy consumption (LEC) 

in use ; safety (SFT); internal collaboration (IC) and external 

collaboration (EC); tidiness (TIDY) and absence rate (AR) ; 

temperature (TEMP) and rainfall (RFM) measurement) and 

changes in terms of man hours (MH) (this includes flexibility 

and rework). 

4.1 Construction of Structural Self -

Interaction Matrix (SSIM) 
This matrix gives the pair-wise relationship between two 

variables i.e.  i and j based on VAXO.  SSIM has been 

presented below in Fig 1.  

4.2 Construction of Initial Reachability 

Matrix  and final reachability matrix  
The SSIM has been converted in to a binary matrix called the 

initial reachability matrix shown in fig. 2 by substituting V, A, 

X, O by 1 or 0 as per the case. After incorporating the 

transitivity, the final reachability matrix is shown below in the 

Fig 3.   

Fig 1:  SSIM matrix for pair wise relationship amongst barriers  

Met

rics  

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

  PC

T 

P

B 

PP

C 

PrC

T 

PR LE

C 

SF

T 

IC EC TID

Y 

AR TE

MP 

RF

M 

M

H 

1 PCT  A A A A O A A A O A A A A 

2 PB   A A A A A X A A A A A A 

3 PPC    V V A A A A O A A A A 

4 PrCT     A O A A A O A A A A 

5 PR      A A A A A A A A A 

6 LEC       O A A O O A A A 

7 SFT        O O A O O O A 

8 IC         O O V O O V 

9 EC          O V O O V 
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10 TIDY           O A A O 

11 AR            A A V 

12 TEMP             V V 

13 RFM              V 

14 MH               

 

Fig 2: Initial reachability matrix 

Metric

s  

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

  PCT P

B 

PPC PrC

T 

PR LE

C 

SFT IC EC TID

Y 

AR TE

MP 

RF

M 

MH 

1 PCT 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 PB 1 1 0 0 0 0 0 1 0 0 0 0 0 0 

3 PPC 1 1 1 1 1 0 0 0 0 0 0 0 0 0 

4 PrCT 1 1 0 1 0 0 0 0 0 0 0 0 0 0 

5 PR 1 1 0 1 1 0 0 0 0 0 0 0 0 0 

6 LEC 1 0 0 0 1 1 0 0 0 0 0 0 0 0 

7 SFT 1 1 1 1 1 0 1 0 0 0 0 0 0 0 

8 IC 1 1 1 1 1 1 0 1 0 0 1 0 0 1 

9 EC 1 1 1 1 1 1 0 0 1 0 1 0 0 1 

10 TIDY 1 0 0 0 1 0 1 0 0 1 0 0 0 0 

11 AR 1 1 1 1 1 0 0 0 0 0 1 0 0 1 

12 TEMP 1 1 1 1 1 1 0 0 0 1 1 1 1 1 

13 RFM 1 1 1 1 1 1 0 0 0 1 1 0 1 1 

14 MH 1 1 1 1 1 1 1 0 0 0 0 0 0 1 

 

Fig 3 : Final reachability matrix  

Metrics   1 2 3 4 5 6 7 8 9 10 11 12 13 14 D.P 

  PCT PB PPC PrC

T 

PR LE

C 

SFT IC EC TID

Y 

AR TE

MP 

RF

M 

MH  

1 PCT 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

2 PB 1 1 0 0 0 0 0 1 0 0 0 0 0 0 3 

3 PPC 1 1 1 1 1 0 0 0 0 0 0 0 0 0 5 

4 PrCT 1 1 0 1 0 0 0 0 0 0 0 0 0 0 3 

5 PR 1 1 0 1 1 0 0 0 0 0 0 0 0 0 4 

6 LEC 1 0 1 0 1 1 0 0 0 0 0 0 0 0 4 

7 SFT 1 1 1 1 1 0 1 0 0 0 0 0 0 0 6 

8 IC 1 1 1 1 1 1 0 1 0 0 1 0 0 1 9 

9 EC 1 1 1 1 1 1 0 0 1 0 1 0 0 1 9 

10 TIDY 1 1 1 1 1 0 1 0 0 1 0 0 0 0 7 

11 AR 1 1 1 1 1 1 0 0 0 0 1 0 0 1 8 

12 TEMP 1 1 1 1 1 1 1 0 0 1 1 1 1 1 12 
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13 RFM 1 1 1 1 1 1 1 0 0 1 1 0 1 1 11 

14 MH 1 1 1 1 1 1 1 0 0 0 0 0 0 1 8 

 De.P 14 12 10 11 11 7 5 2 1 3 5 1 2 6  

D.P : Driving power   ;   De.P : dependence power 

4.3 Level Partition 
Table 3 : Iteration I 

S.

No

. 

Reachabilit

y 

  set  

Antecedent  

set 

Intersectio

n set 

Iteratio

n/ 

Levels  

1

. 

1 1,2,3,4,5,6,7,8,

9,10,11,12,13,

14 

1  

               

 

 

  I 

2. 1,2 2,3,4,5,7,8,9,1

0,11,12,13,14 

2 

3. 1,2,4,5 3,5,7,8,9,10,11

,12,13,14 

5 

 4. 1,2,3,4,5 3,7,8,9,10,11,1

2,13,14 

    3 

5. 1,2,4 3,4,5,7,8,9,10,

11,12,13,14 

4 

6. 1,3,5,6 6,8,9,11,12,13,

14 

6 

7. 1,3,5,6,14 8,9,11,12,13,1

4 

14 

8. 1,3,5,6,7,14 12,13,14 14 

9. 1,2,3,4,5,6,7,

8,10,14 

8 8 

10. 1,2,3,4,5,6,7,

10,11,12,13,

14 

12 12 

11. 1,3,5,6,11,14 8,9,11,12,13 11 

12. 1,2,3,5,6,10,

11,13,14 

12,13 13 

13. 1,2,3,4,5,7 7,10,12,13,14 7 

14. 1,2,3,4,5,6,9,

11,14 

9 9 

15. 7,10 10,12,13 10 

 

From the final reachability matrix, reachability and final 

antecedent set for each factor are found. The element for 

which the reachability and intersection sets are same are the 

top-level element in the ISM hierarchy. After the 
identification of top level element, it is separated out from the 

other elements and the process continues for next level of 

elements. Reachability set, antecedent set, intersection set 

along with different level for elements have been shown 

below in table V to table XI.   

Table 4 : Iteration II 

S.No. Reachabili

ty  set  

Antecedent set Intersection 

set 

Itera

tion 

2. 2 2,3,4,5,7,8,9,10

,11,12,13,14 
2  

 

 

 

 

 

3. 2,4,5 3,5,7,8,9,10,11,

12,13,14 

5 

 4. 2,3,4,5 3,7,8,9,10,11,1

2,13,14 

    3 

5. 2,4 3,4,5,7,8,9,10,1

1,12,13,14 

4 

6. 3,5,6 6,8,9,11,12,13,

14 

6  

 

II 
7. 3,5,6,14 8,9,11,12,13,14 14 

8. 3,5,6,7,14 12,13,14 14 

9. 2,3,4,5,6,7,

8,10,14 

8 8 

10. 2,3,4,5,6,7,

10,11,12,13

,14 

12 12 

11. 3,5,6,11,14 8,9,11,12,13 11 

12. 2,3,5,6,10,1

1,13,14 

12,13 13 

13. 2,3,4,5,7 7,10,12,13,14 7 

14. 2,3,4,5,6,9,

11,14 

9 9 

15. 7,10 10,12,13 10 

 

Table 5 : Iteration III 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

3. 4,5 3,5,7,8,9,10,

11,12,13,14 

5  

 

 

 

 

 

 

 

 

 

 

 

 

III 

 4. 3,4,5 3,7,8,9,10,11

,12,13,14 

    3 

5. 4 3,4,5,7,8,9,1

0,11,12,13,1

4 

4 

6. 3,5,6 6,8,9,11,12,1

3,14 

6 

7. 3,5,6,14 8,9,11,12,13,

14 

14 

8. 3,5,6,7,14 12,13,14 14 

9. 3,4,5,6,7,8,10,

14 

8 8 

10. 3,4,5,6,7,10,11

,12,13,14 

12 12 

11. 3,5,6,11,14 8,9,11,12,13 11 

12. 3,5,6,10,11,13,

14 

12,13 13 

13. 3,4,5,7 7,10,12,13,1

4 

7 

14. 3,4,5,6,9,11,14 9 9 

15. 7,10 10,12,13 10 
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Table 6 : Iteration IV 

S.N

o. 

Reachabilit

y  set  

Antecedent set Intersecti

on set 

Iterati

on/ 

Levels  

3. 5 3,5,7,8,9,10,11,

12,13,14 
5  

 

 

 

 

 

 

IV 

 4. 3,5 3,7,8,9,10,11,1

2,13,14 

    3 

6. 3,5,6 6,8,9,11,12,13,

14 

6 

7. 3,5,6,14 8,9,11,12,13,14 14 

8. 3,5,6,7,14 12,13,14 14 

9. 3,5,6,7,8,10,

14 

8 8 

10. 3,5,6,7,10,1

1,12,13,14 

12 12 

11. 3,5,6,11,14 8,9,11,12,13 11 

12. 3,5,6,10,11,

13,14 

12,13 13 

13. 3,5,7 7,10,12,13,14 7 

14. 3,5,6,9,11,1

4 

9 9 

15. 7,10 10,12,13 10 

 

Table 7 : Iteration V 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

 4. 3 3,7,8,9,10,11

,12,13,14 
    3  

 

 

 

V 

6. 3,6 6,8,9,11,12,1

3,14 

6 

7. 3,6,14 8,9,11,12,13,

14 

14 

8. 3,6,7,14 12,13,14 14 

9. 3,6,7,8,10,14 8 8 

10. 3,6,7,10,11,12,

13,14 

12 12 

11. 3,6,11,14 8,9,11,12,13 11 

12. 3,6,10,11,13,1

4 

12,13 13 

13. 3,7 7,10,12,13,1

4 

7 

14. 3,6,9,11,14 9 9 

15. 7,10 10,12,13 10 

 

 

 

 

Table 8 : Iteration VI 

Sr. 

No. 
Reachability 

set  

Antecedent set Intersection 

set 

Itera

tion 

6. 6 6,8,9,11,12,13,

14 

6  

 

 

 

VI 

7. 6,14 8,9,11,12,13,14 14 

8. 6,7,14 12,13,14 14 

9. 6,7,8,10,14 8 8 

10. 6,7,10,11,12,1

3,14 

12 12 

11. 6,11,14 8,9,11,12,13 11 

12. 6,10,11,13,14 12,13 13 

13. 7 7,10,12,13,14 7 

14. 6,9,11,14 9 9 

15. 7,10 10,12,13 10 

 

Table 9 : Iteration VII 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

7. 14 8,9,11,12,13,

14 
14  

 

 

 

 

 

VII 

8. 7,14 12,13,14 14 

9. 7,8,10,14 8 8 

10. 7,10,11,12,13,

14 

12 12 

11. 11,14 8,9,11,12,13 11 

12. 10,11,13,14 12,13 13 

13. 7 7,10,12,13,1

4 

7 

14. 9,11,14 9 9 

15. 7,10 10,12,13 10 

 

Table 10 : Iteration VIII 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

9. 7,8,10 8 8  

 

VIII 

10. 7,10,11,12,13 12 12 

11. 11 8,9,11,12,13 11 

12. 10,11,13 12,13 13 

13. 7 7,10,12,13 7 

14. 9,11 9 9 

15. 7,10 10,12,13 10 
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Table 11 : Iteration IX 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

9. 7,8,10 8 8  

 

IX 

10. 7,10,12,13 12 12 

12. 10,13 12,13 13 

13. 7 7,10,12,13 7 

14. 9 9 9 

15. 7,10 10,12,13 10 

 

Table 12 : Iteration X 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

9. 8,10 8 8  

 

X 

10. 10,12,13 12 12 

12. 10,13 12,13 13 

14. 9 9 9 

15. 10 10,12,13 10 

 
Table 12 : Iteration XI 

Sr. 

No. 
Reachability 

set  

Antecedent 

set 

Intersection 

set 

Itera

tion 

9. 8 8 8  

XI 10. 12,13 12 12 

12. 13 12,13 13 

14. 9 9 9  

9. 8 8 8  

 

Table 13 :Iteration   XII 

S.No. Reachability  

set  

Anteced

ent set 

Intersectio

n set 

Iteration/ 

Levels  

9. 8 8 8  

XII 10. 12 12 12 

14. 9 9 9 

 

4.4 Classification of factors 
The critical success factors described earlier are classified in 

to four clusters viz. autonomous factor, dependent factors, 

linkage factors and independent factors (mentioned in Table 

XIII below). As it can be seen that TIDY,  SFT and LEC are 

autonomous criteria. Criteria TEMP, RFM, EC , IC  , AR  and 

MH are drivers .  Criteria such as   PPC, PR, PB and PrCT are 

dependent criteria. Fig. 4 below shows the driving power and 

dominance diagram. 

 

Fig . 4: Driving power and dependence diagram 

4.5 ISM model  
An ISM model is developed ( as shown in fig. 5 below ) after 

arranging the elements as per their interaction or dependence 

relationships.  

 

 

Fig 5:  ISM  diagraph 
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5. MANAGERIAL IMPLICATIONS & 

CONCLUSIONS 

5.1 Managerial implications 
 This section focuses on managerial implications on using 

various lean practices in construction industry as well as 

assessing the construction lean metrics. Further this also 

provides directions for future research.  

 Quite frequently, companies encourages the usage 

of lean practices or technique from strategic 

perspectives as well as practitioner’s perspective 

provided the personnel have the required know how 

of its implementation.  

 Further, implications of these techniques are related  

to other collateral issues such as improved 

cooperation, better defined responsibilities, less 

fights during the projects, greater commitment to 

the plan depends to a large extent on worker’s 

commitment and motivation from the employer 

especially when the company requires working 

overtime and for longer periods of time [38]. 

 From the stakeholder’s point of view as well, to 

invoke greater participation, needs for its successful 

implementation should be met [17].  

 Using a specific framework for evaluating the 

metrics for project evaluation provides a base for 

assessing the impact of Lean practices in projects. 

5.2 Possible extensions and directions for 

future research  
 Other possible extension could be is of fuzzy logic 

based lean evaluation.  

 Other perspectives from Lean implementation could 

add significant insight on the success factors. For 

example, focusing on organizational behavior could 

examine in more detail the motivation of people 

adopting Lean practices.  

 Moreover, studying the role of performance 

measurement systems in dealing with uncertainty 

management can have a significant impact when 

measuring and implementing Lean, especially in 

case of considering the degree of projects’ 

complexity [41] 

 Lean construction framework with six sigma rating 

could also be a future direction [42] 
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