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Introduction
21st century has witnessed humongous technological advances which 

has laid foundations for highly dynamic structure of today’s business 
environment. This tendency is increasing day by day due to rising 
competitions. Globalization has resulted in blurring the demographic 
differences increasing accessibility for both customers and suppliers. 
This has empowered the customers to demand best products at better 
price, lesser time, more customization and arbitrary quantity, thus 
increasing problems for enterprises who want to maintain their market 
share. This is because they have to deal with a highly unpredictable, 
dynamic and turbulent environment. Many different solutions 
have been put forward such as networking, reengineering, modular 
organizations, virtual corporations, high performing organizations, 
employee empowerment, flexible manufacturing, Just-In-Time (JIT), 
etc. However the most prominent of the approaches is the use of agility.

The term ‘agility’ was first introduced in the Iacocca Institute, 
describing it as one key to future competition. They defined agility 
as manufacturing system with capabilities to meet the rapidly 
changing needs of the marketplace. Kidd [1] defined agility as a 
rapid and proactive adaptation of enterprise elements to unexpected 
and unpredicted changes. Goldman et al. [2] state agility as being a 
comprehensive response to challenges posed by a business environment 
dominated by change and uncertainty. According to Gunasekaran [3], 
Agile Manufacturing (AM) is the ability of surviving and prospering 
in a competitive environment of continuous and unpredictable change 
by reacting quickly and effectively to changing markets, driven by 
customer-defined products and services. Yusuf et al. [4] proposed that 
agility is the successful application of competitive bases such as speed, 
flexibility, innovation, and quality by the means of the integration 
of reconfigurable resources and best practices of knowledge-rich 
environment to provide customer-driven products and services in a fast 
changing environment. Although the definitions differ from each other 
most of them discuss common characteristics of agility namely-time, 
flexibility of the system, and the ability to response (responsiveness).
From these definitions we can infer that organizations which are able 
to react and respond to an environment that frequently pressure the 
firm to change while continuing to satisfy customers and achieve 
business objectives can be considered agile. Agility is based on several 
capabilities found in three main enterprise dimensions: manufacturing, 
product and market dimensions. Jackson and Johansson [5]  divided 
agility capabilities into four main dimensions: product - related change 

capabilities, change competency within operations, internal and 
external co-operation and people, knowledge, and creativity. 

A holistic framework was proposed by Sherehiy et al. [6]. They 
proposed four main aspects of AM: agility drivers, strategic abilities, 
agility providers, and agility capabilities. The agility drivers represent 
factors of the external business environment creating turbulence 
and unpredictability of the changes which drive an organization to 
adapt agility. Strategic abilities determined through factors such as 
responsiveness, competency, quickness, and flexibility are considered 
as main attributes of the agile organization that allow adaptation 
to changes. The agility capabilities could be achieved by the means 
of agility providers. Agility providers can be derived from four ma 
nufacturing areas: organization, technology, people, and innovation 
.They argued that only by integrating these criteria’s agility could be 
achieved.

Tsourveloudis et al. [7] propose a knowledge-based framework for 
the measurement and assessment of manufacturing agility. In order to 
calculate overall agility of an enterprise, a set of quantitatively defined 
agility parameters is proposed and grouped into production, market, 
people and information infrastructures.

Ismail et al. [8] propose an agility strategic framework combining 
external parameters and indicators for the enterprise’s agile capability. 
The model consists of a business environmental audit with a number of 
environmental turbulence indicators and agility capability indicators 
covering product, process, operation, people, and organization.

As there is no definite method of achieving agility, defining a 
holistic model for it is difficult. The literature on the subject suggests 
various framework, models and correlations for agility measurement 
that can be implemented by organization to adapt to current business 
conditions. However assessment of organization’s agility creates a 
problem due to inexact boundary in which the agility is defined. This 
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Abstract
Shifting paradigms gave rise to agile manufacturing. The concept which was later applied at a broader level to orga-

nizations, workforce, and enterprise as well as supply chains. As trend of agility is being recognized as a necessary step 
to compete in the highly turbulent environment it becomes necessary to evaluate the agility of systems. As agility has 
no exact definition and subjected to individuals perception the evaluation of a system’s agility has been attempted with 
diverse approaches. This paper reviews various agility evaluation methods proposed and attempts to provide a holistic 
view of every method and draws out their advantages and limitations, in order to help in further research in this field.



Citation: Shaarabh M, Rishi G, Sharma SK (2014 A Review on Measurement of Agility. Ind Eng Manage 3: 121. doi: 10.4172/2169-0316.1000121

Page 2 of 4

Volume 3 • Issue 1 • 1000121Ind Eng Manage
ISSN: 2169-0316, IEM an open access journal 

is the reason various different methodology have been used to assess 
agility. Some measure the agility of the structure of organization, some 
focus on agility as purely a competitive outcome, indirect methods 
such as measuring complexity have also been used to measure agility of 
the organization. In this paper we discuss these methods of assessment 
and analyze them for their advantages and their shortcomings.

Recent Work on Measurement of Agility
A lot of research in the field of developing an agile model has 

been carried out but assessment of agility of such organization isn’t 
extensively researched. This can be attributed to the fact that the 
metrics of agility is difficult to design due to the vagueness with which 
it is defined. The term agility is understood in a broader perspective 
and is influenced by many characteristics which may or may not be 
same for all types of organizations. Accounting to this the models 
developed are diverse and focus on certain areas. Many of the initial 
models developed were empirical but later more extensive and flexible 
models developed using broader techniques integrating organization 
and workplace.

Sherehiy et al. [6] laid out a framework which consisted of various 
steps for implementing agility in various organizations. The first step 
is consists of determining the nature of environment the organization. 
The next step was the assessment of the company itself in terms of 
agility. Then a gap analysis presents the plan of action .The last step 
uses a set of viable tools, agility providers to attain agility, by which 
capabilities of the organization can be achieved. A case study was 
conducted by them to verify the model. A similar framework for agility 
assessment was developed by Jackson and Johansson [5] in which they 
mentioned a three step approach for evaluation. First being evaluating 
the market trends, second being analysis of the strategic objectives in 
order to find out whether flexibility competency is a long term objective 
and the areas of potential development, the final part of the analysis 
is to find out the capabilities that needs to be focused on. Hoek et al. 
[9] also proposed an empirical model based on five characteristics of 
agility – customer sensitivity, virtual integration, process integration, 
network integration and measurement. The managers need to mark 
their organization based on these characteristics based on 5 point 
Likert’s scale and the overall agility is measured average of individual 
characteristics.

Ren et al. [10] proposed agility assessment based on AHP. 
Decision makers first apply pair wise comparisons to evaluate the 
agility capabilities of a company. Combining the judgments against 
capabilities fetched the overall agility of the organization. Pair wise 
comparisons are particularly useful when direct comparison of 
capabilities is difficult. It is an intuitive method of comparing and gives 
better estimates compared to direct rating methods. 

Yang et al. [11] proposed a multi graded fuzzy approach which was 
used to evaluate the agility of Mass Customizable (MC) organization. 
This model uses weights and ratings matrices from experts who 
evaluate the organization based on crisp numbers. It evaluates agility 
using weighted rating matrices of various agility attributes. Some 
process-based approaches to assessing agility concentrate on a single 
type of process, such as software development or product development. 
Sanchez et al. [12] for example, measure responsiveness of companies 
relative to the product development cycle time. A quantitative agility 
metric is developed that provides the desired time-based performance 
rating which reflects the agility of a manufacturer during product 
development.

Arteta et al. [13] adopted an indirect approach to measure agility. 

They proposed to use complexity as a surrogate measure for agility. 
The hypothesis supporting this proposition mentioned was that a 
less complex enterprise in terms of systems and processes is easier to 
change and consequently more agile.

Costantino et al. [14] presented a technique for the strategic 
management of the chain addressing supply planning and allowing 
the improvement of the Manufacturing Supply Chain (MSC) agility in 
terms of ability in reconfiguration to meet performance.

Another different approach was proposed by Yauch [15]. They 
proposed a quantitative index of agility, based on a conceptualization 
of agility as a performance outcome, which captures both the success 
of an organization and the turbulence of its business environment. 
This model integrates operational measures and external parameters 
to determine the agility of the any type of manufacturing organization.

These methods are relatively easy to understand and implement. 
However, these scoring methods are frequently criticized, the main 
reasons for it are the evaluator’s subjective judgment as well as the 
multi-possibility and the ambiguity associated with assigning a number 
to the attributes. To overcome this problem several fuzzy based models 
were proposed. Research in the field of fuzzy logic has been extensive 
and it proves to be a capable tool in handling the vagueness and 
imprecision of the situation Klir et al. [16]. Use of fuzzy concept enables 
the evaluators/experts to use linguistic terms to assess indicators 
related to natural language expressions, and each linguistic term is 
respectively associated with appropriate membership function. Several 
methods have been proposed which utilize fuzzy logic in measuring 
organizational agility. One of the first such models was the IF- THEN 
approach proposed by Tsourveloudis et al. [7] which was an outgrowth 
based on their previous work. The key idea of this approach is to 
combine all infrastructures namely-production infrastructure, market 
infrastructure, people infrastructure, and information infrastructure as 
agile characteristics and their corresponding operational parameters, 
to determine the overall agility. Another model based on fuzzy logic 
approach was proposed by Yang et al. [11]. It uses a supply chain agility 
evaluation model based on fuzzy logic and the Multi-Criteria Decision-
Making (MCDM) to provide a means for both measuring supply chain 
agility and also identifying the major obstacles to improving agility 
levels. The model introduces a Fuzzy Agility Index (FAI) which tells 
about the agility of an organization. Ganguly et al. [17] defined three 
metrics to measure responsiveness, market share and cost effectiveness 
which would help in measuring a company’s agility. They proposed the 
use of their method along with fuzzy logic approach proposed by Yang 
et al. [11] in order to arrive at a conclusion regarding the level of agility 
of any corporate enterprise.

Jain et al. [18], proposed a model which along with Fuzzy Logic 
uses Algorithms of Association Rule Mining (FARM) which derives 
associations to support decision makers by enhancing the flexibility 
in making decisions for evaluating agility with both quantitative and 
qualitative attributes. It has been used for evaluation agility in supply 
chains in a real time practical environment. In the model large fuzzy 
frameworks and effective association rules for agility evaluation are 
determined by fuzzy support and fuzzy confidence, minimum value 
of which is given by the decision makers. In the algorithm adopted, 
fuzzy association rules scans a database containing both quantitative 
and qualitative attributes for agility and applies Boolean operators 
(AND, OR, XOR) to produce large fuzzy support frameworks which 
are then used to generate fuzzy association rules. The methodology is 
a useful and practical method to make the fuzzy association rules from 
the available database.
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Highlight of Evaluation Methods
As discussed the methods vary in their approaches of evaluating 

agility. Hence a direct comparison of each methods based on a 
common metric would be incorrect. Therefore each of the method has 
been separately analyzed drawing out their advantages and limitations 
in Table 1.

Conclusion
As discussed the method of agility evaluation has taken different 

approaches. Their focus has been diverse and directed to different 
aspects. Some models Jackson and Johansson [5], Sherehiy et al. [6], 
Van Hoek et al. [9] have proposed a framework within which agility 
is calculated. While these models are simple in their approaches more 
extensive and accurate models were developed. Models using AHP, 
Ren et al. [10], multigrade fuzzy approach , Yang et al. [11], Jain et al. 
[18] employ more extensive approaches. Tsourveloudis et al. [7], Yang 

et al. [11] used fuzzy logic along with previously developed methods 
to reduce vagueness in rating hence providing a more accurate result. 
One of the most thorough evaluation methods developed was by 
Yauch [15] which measured the performance outcome as a measure of 
agility. Certain indirect methods such as measurement of complexity, 
Arteta et al. [13], were also proposed. A problem related with all these 
model is lack of sufficient data from different organization to set a 
reference. Although models have covered various aspects varying from 
organization structure to performance outcome to measure agility need 
for a universal index is needed in order to set a reference point and to 
check the validity of models in varied field of applications. Thus due 
to this shortcoming it is very difficult to choose the most appropriate 
model for agility evaluation.
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• not proposed
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Johansson et al. [5]

The  model’s  a  three  step approach for evaluation- First is 
evaluating the market trends, second is the analysis of the 
strategic objectives to find out flexibility competency as a long 
term objective, the final part is finding out the capabilities that 
needs to be focused on.

• Ease of computation
• Identifies capabilities needing focus to 

increase agility

• Evaluation     based  on crisp 
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sensitivity, virtual integration, process integration, network 
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• Evaluation based on crisp values
• Comprehensiveness of The model 

needs to be improved
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calculate agility. A three grade evaluation index is used to measure 
agility which is orderly calculated as a weighted sum of companies 
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• Comprehensiveness  of the model 
need to improve

• Does not take external factors into 
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Jain et al. [18]

The model proposed uses Fuzzy Association  Rule  Mining 
(FARM)  .The  model  with  the help  of  quantitative  and 
qualitative relational databases derives association rules for 
evaluating agility.

• Provides flexibility in agility 
assessments

• Evaluation in real time practical 
environment

• Model is complex
• Equal   weight   age   is provided  

to  all attributes

Table 1: Advantage and Disadvantage of different Agility Measurement Methods.

http://www.amazon.in/Agile-Manufacturing-Forging-Frontiers-Addison-Wesley/dp/0201631636
http://www.amazon.in/Agile-Manufacturing-Forging-Frontiers-Addison-Wesley/dp/0201631636


Citation: Shaarabh M, Rishi G, Sharma SK (2014 A Review on Measurement of Agility. Ind Eng Manage 3: 121. doi: 10.4172/2169-0316.1000121

Page 4 of 4

Volume 3 • Issue 1 • 1000121Ind Eng Manage
ISSN: 2169-0316, IEM an open access journal 

2. Goldman S L, Nagel R N and Preiss K (1994) Agile Competitors and Virtual
Organizations: Strategies for Enriching the Customer. Van Nostrand Reinhold, 
London.

3. Gunasekaran A (1998) Agile Manufacturing:  Enablers and an Implementation
Framework.  International  Journal  of Production Research 36: 1223-1247.

4. Ren J, Yusuf YY, Burns ND (2000) A Prototype of Measurement System for
Agile Enterprise. Quality Management & Technology 5: 304-16.

5. Jackson M, Johansson C (2003) Agility Analysis from a Production System
Perspective. Integrated Manufacturing Systems 14: 482-488.

6. Bohdana Sherehiy, Waldemar Karwowski, John K Layer (2007) A review of
enterprise agility: Concepts, frameworks, and attributes. Int J Ind Ergonom 37:
445-460.

7. Tsourveloudis NC, Valavanis KP (2002) On the Measurement of Enterprise
Agility. J Intell Robot Syst 33: 329-342.

8. Ismail H, Arokiam I,  Reid J, Poolton J, Tey VS (2007) Agility Capability
Indicators for Product Flexibility Assessment. International Journal of Agile
Manufacturing 10: 13-28.

9. van Hoek RI (2001) The Rediscovery Of Postponement A Literature Review
And Directions For Research. Journal of Operations Management 19: 161-184.

10. Ren J, Yusuf YY, Burns DA (2000) prototype of measurement system for agile 
enterprise. Quality Management & Technology 5: 304-316.

11. YANG Shui-li, LI Tao-fen (2002) Agility Evaluation of Mass Customization
Product Manufacturing. Journal of Materials processing Technology 41: 166

12. Sanchez LM, Nagi Rakesh (2001) A review of agile manufacturing systems.
International Journal of Production Research. 39: 3561-3600. 

13. Arteta BM, Giachetti RE (2004) A measure of agility as the complexity of the
enterprise system. Robotics and Computer- Integrated Manufacturing 20: 495-
503.

14. Costantino N, Dotoli M,  Falagario M,  Fanti MP, Mangini AM (2011) A model for 
supply management of agile manufacturing supply chains.

15. Yauch CA (2011) Measuring agility as a performance outcome. Journal of
Manufacturing Technology Management 22: 384-404.

16. Klir G J (1995) Fuzzy sets and fuzzy logic: theory and applications. New Jersey: 
Prentice Hall.

17. Ganguly  A,  Nilchiani  R,  Farr  JV (2009) Evaluating  agility  in  corporate
enterprises.  International Journal of Production Economics. 118: 410-23.

18. Jain  V,  Benyoucef  L,  Deshmukh SG (2008)  A  new  approach for  evaluating 
agility  in  supply chains  using  Fuzzy Association Rules Mining. Eng Appl Artif 
Intel 21: 367-85.

http://www.amazon.com/Agile-Competitors-Virtual-Organizations-Engineering/dp/0442019033
http://www.amazon.com/Agile-Competitors-Virtual-Organizations-Engineering/dp/0442019033
http://www.amazon.com/Agile-Competitors-Virtual-Organizations-Engineering/dp/0442019033
http://www.tandfonline.com/doi/abs/10.1080/002075498193291#.Us1GIfQW0Q4
http://www.tandfonline.com/doi/abs/10.1080/002075498193291#.Us1GIfQW0Q4
https://getinfo.de/app/A-prototype-of-measurement-system-for-agile-enterprise/id/BLCP%3ACN042520391
https://getinfo.de/app/A-prototype-of-measurement-system-for-agile-enterprise/id/BLCP%3ACN042520391
http://www.emeraldinsight.com/journals.htm?articleid=850998
http://www.emeraldinsight.com/journals.htm?articleid=850998
http://www.asb.unsw.edu.au/executive/Documents/review_of_enterprise_agility.pdf
http://www.asb.unsw.edu.au/executive/Documents/review_of_enterprise_agility.pdf
http://www.asb.unsw.edu.au/executive/Documents/review_of_enterprise_agility.pdf
http://www.robolab.tuc.gr/ASSETS/PAPERS_PDF/PAPERS_2002/ON_THE_MEASUREMENT_ENTERPRISE_AGILITY.pdf
http://www.robolab.tuc.gr/ASSETS/PAPERS_PDF/PAPERS_2002/ON_THE_MEASUREMENT_ENTERPRISE_AGILITY.pdf
https://getinfo.de/app/Agility-Capability-Indicators-for-Product-Flexibility/id/BLCP%3ACN067164797
https://getinfo.de/app/Agility-Capability-Indicators-for-Product-Flexibility/id/BLCP%3ACN067164797
https://getinfo.de/app/Agility-Capability-Indicators-for-Product-Flexibility/id/BLCP%3ACN067164797
http://www.sciencedirect.com/science/article/pii/S0272696300000577http:/www.latec.uff.br/mestrado/The%20rediscovery.pdf
http://www.sciencedirect.com/science/article/pii/S0272696300000577http:/www.latec.uff.br/mestrado/The%20rediscovery.pdf
https://getinfo.de/app/A-prototype-of-measurement-system-for-agile-enterprise/id/BLCP%3ACN042520391
https://getinfo.de/app/A-prototype-of-measurement-system-for-agile-enterprise/id/BLCP%3ACN042520391
http://www.sciencedirect.com/science/article/pii/S092401360200674X
http://www.sciencedirect.com/science/article/pii/S092401360200674X
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.eng.buffalo.edu%2F~nagi%2Fpapers%2Fpaperlms.pdf&ei=lErNUuH1M8yxrgeVk4HoBA&usg=AFQjCNE1gMoEllVssXHp7DbU7RqPZcrmPA&bvm=bv.59026428,d.bmk&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.eng.buffalo.edu%2F~nagi%2Fpapers%2Fpaperlms.pdf&ei=lErNUuH1M8yxrgeVk4HoBA&usg=AFQjCNE1gMoEllVssXHp7DbU7RqPZcrmPA&bvm=bv.59026428,d.bmk&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0736584504000717&ei=2krNUvuSMc2lrQfNp4CAAg&usg=AFQjCNF-cBePiTy_9cw5NqPj3IA7ITnqPQ&bvm=bv.59026428,d.bmk&cad=
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0736584504000717&ei=2krNUvuSMc2lrQfNp4CAAg&usg=AFQjCNF-cBePiTy_9cw5NqPj3IA7ITnqPQ&bvm=bv.59026428,d.bmk&cad=
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0736584504000717&ei=2krNUvuSMc2lrQfNp4CAAg&usg=AFQjCNF-cBePiTy_9cw5NqPj3IA7ITnqPQ&bvm=bv.59026428,d.bmk&cad=
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0925527311003756&ei=HEvNUs3YO4etrAfH7oF4&usg=AFQjCNFv1GYw0A9dcNKUzJUB3vRlN-_P6w
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0925527311003756&ei=HEvNUs3YO4etrAfH7oF4&usg=AFQjCNFv1GYw0A9dcNKUzJUB3vRlN-_P6w
http://www.emeraldinsight.com/journals.htm?articleid=1911633
http://www.emeraldinsight.com/journals.htm?articleid=1911633
http://is.iiita.ac.in/study/Computational%20Intelligence/klir_youn.pdf
http://is.iiita.ac.in/study/Computational%20Intelligence/klir_youn.pdf
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS092552730800385X&ei=VUzNUreYJo6ErQego4GwDA&usg=AFQjCNHVnmcVdrEW5PwdkHSsGOOWZfXstg&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS092552730800385X&ei=VUzNUreYJo6ErQego4GwDA&usg=AFQjCNHVnmcVdrEW5PwdkHSsGOOWZfXstg&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0952197607001005&ei=eEzNUuzlHIOTrge9p4DwCQ&usg=AFQjCNEPxP5Daedr2tE4em1evAQqh8h-jQ&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0952197607001005&ei=eEzNUuzlHIOTrge9p4DwCQ&usg=AFQjCNEPxP5Daedr2tE4em1evAQqh8h-jQ&cad=rja
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0952197607001005&ei=eEzNUuzlHIOTrge9p4DwCQ&usg=AFQjCNEPxP5Daedr2tE4em1evAQqh8h-jQ&cad=rja

	Title
	Corresponding author
	Keywords
	Introduction 
	Recent Work on Measurement of Agility 
	Highlight of Evaluation Methods 
	Conclusion
	Table 1
	References

