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Abstract— Due to the globalization, rapid changes and growth in technologies and business environment, an
agile organization needs to identify and take advantages of opportunities in the market. Knowing the level of
agility compare with the competitors or industry may help an organization improve its position. However, because
of the multidimensionality and the ambiguity of the agility concept, attempts for identifying and quantifying agility
metrics are required. In this paper three techniques for measuring enterprise agility metrics are developed in the
way that could be applied to the whole enterprise. Lastly, by measuring the metrics of some enterprises in the
technology industry, the metric utilization is shown.
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1. Introduction

Due to the globalization, rapid changes and growth in technologies and business environment, an agile
organization needs to identify and take advantages of opportunities in the market. Agility is a collection of
capabilities and competencies that makes an organization survive and compete in business environment. Quick
responds are the most critical needs of today’s organization. For obtaining sustainable success, organizations
should prepare a level of agility to increase change and complexity acceptance [1]. Given the current context of
business world, organizations need to change their knowledge, attitude, practices, procedures and expected
results [2]. Reference [3] argues that agile firms continually sense opportunities and respond to them rapidly. In
other word agility encompasses both the exploration and exploitation of opportunities.

There are different definitions of agility, but the ideas such as speed and change are the same in most of
them. According to [4] agility was defined as a never-ending journey toward continuous improvement. Dove by
considering most aspects of agility concept defined it as the ability of an organization to prosper in an
unpredictable and volatile business environment by managing knowledge and responding rapidly and efficiently
to customer needs and opportunities without increasing the cost or decreasing the quality [5].

Agility is a route to competitive advantage and a key enabler to deal with uncertainty. Actually, knowing the
level of agility is the first lead to help an organization improve its position. The question this paper is trying to
answer is "what are the metrics of agility and how do we measure these metrics?" So, three techniques for
measuring enterprise agility metrics proposed in [6] are developed in the way that could be applied to the whole
enterprise. Finally, by measuring the metrics of some enterprises in the technology industry, the metric
utilization is shown.

This paper is organized as follows. Section 2 reviews the related research. Section 3 discusses quantifying
the metrics of agility and its usage in identifying the agility status of an enterprise and comparing it with
competitors. And a practical case is presented to show the metrics utilization. Section 4 presents concluding
remarks and suggestions.
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2. Literature review

From the late 1980s to mid-1990s, various efforts and practices for identifying origins and influencing
factors of the new systems of global business have been done following the widespread political and economic
developments around the world. Facing with downturn in the business and especially in the production area,
United States of America for the first time took the lead of this movement. Then, experts observed that the rate
of changes in the business environment is faster than the capabilities of traditional manufacturing organizations
to adapt and face it. These organizations were disable and could not take the advantages of the available
opportunities, therefore this might cause their bankruptcy and failure in long-term. As a result, the concept of
agility that was a new concept at the beginning of the 1990s, was generated in USA after lean manufacturing
and flexible production concepts for dealing with the concern about losing competitiveness of the production
industry [7].

As a matter of fact, roots of agility back to agile manufacturing. Agile manufacturing is the next step of lean
and flexible concepts [8]. Flexible manufacturing is the ability of a production line to reconfigure and produce
different products easily. Lean manufacturing means to remove all waste from the system and minimize the
usage of resources. Accordingly, agile manufacturing is a strategy that combines lean and flexible
manufacturing [21].

Furthermore, flexibility is required in organizations that changes are predictable and responding to them
can be planned in advance. According to [9], flexibility is a predetermined response to predictable events and
variety of defined customer requirements, but Agility is an innovative response to unpredictable changes.
Attaining agility and its capability needs a long-term organizational planning. Agile organization continuously
explore and exploit opportunities for gaining competitive advantage [10]. Although flexibility is an antecedent
of agility [11].

Moreover, lean manufacturing is the response to the pressure of resource limitations, but agility is the
response to the complexity of Continuous unpredictable changes. In other word, lean manufacturing reduces
waste, improve organization performance to cope with changes and therefore attain agility [12]. In fact, lean
manufacturing is an efficient production process concerned with minimization of waste in every part of
organization [6]. But agility is the discovery of profitable opportunities in a competitive market [13].

Later, the characteristic of agile manufacturing was extended to all aspects of enterprise in response to the
unreliable and unpredictable environment. Those features of agility that could be applied to the overall
organization were flexibility, responsiveness, speed, high-quality, culture of change, integration, low
complexity, customized products and competitive advantage. Actually, there were other solutions for constantly
changing environment such as reengineering, virtual corporation, high performance organization, adaptive
organization, agile enterprise, etc. However, all concepts had similar point that was the ability to respond to
change [14].

As mentioned before, agility differs from agile manufacturing system, agility is a performance capability,
while agile manufacturing system refers to a cluster of related practices. Agility, then, was used and generalized
as a successful strategy for performance improvement [7]. According to [15] enterprise agility is a dynamic
capability that enables a firm to create competitive advantages and enhance firm performance. Actually, by
using this capability, a firm can sense customers’ requirements, rivals’ activities and cooperation opportunities
and then respond to them quickly.

Although much has been said and written about agility, a same perspective on defining agility among
experts is visionary. In literature many definitions have been proposed for agility, but none is conflicting with
each other. Generally the idea of the speed and change in the business environment is common in these
definitions. Accordingly, because of the novelty of the agility concept, a comprehensive definition approved by
everyone has been yet impossible (see Table I).
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TABLE 1: AGILITY DEFINITION
Source Definition

[4] Never-ending journey of continuous improvement

“A successful exploration of competitive bases (speed, flexibility, innovation proactivity, quality, and profitability) through
[16] the integration of reconfigurable resources and best practices in knowledge, rich environment to provide customer driven
products and services in a fast changing market environment.”

“Agility is predominantly used to describe an approach to organizing that provides for rapid system reconfiguration in the

[1] face of unforeseeable changes.”

[17] “A business-wide capability that embraces organizational structures, information systems, logistics processes and in
particular, mindsets.”

[18] “Agility as constant changes in a team or organization as it evolves in its lifecycle. The changes are classified as related to:

(1) teamwork, (2) requirements, (3) planning, (4) technical practices, (5) quality, (6) culture, and (7) knowledge creating.”

“A persistent behavior or ability of a sensitive entity that exhibits flexibility to accommodate expected or unexpected
[19] changes rapidly, follows the shortest time span, uses economical, simple and quality instruments in a dynamic environment
and applies updated prior knowledge and experience to learn from the internal and external environment.”

Despite different perspectives are proposed for agile organizations, agility could be defined in terms such as
sensing, responding, learning, adaptability, resilience, innovation, concurrency and efficiency [20]. As a matter
of fact, study of Worley and Lawler shows that agility forms are different in every organization [21]. It is
important to note that not all organizations define agility the same way and not all of them can or should be
agile. Actually, organizations should focus on proper features, by considering internal capabilities, opportunities
and industry.

In literature, there are diverse approaches in treating the agility issue which can be classified as four
categories [20]: the identification of the capabilities of agility, the recognition of the agility levels, the
proposition of conceptual framework and the measurement of agility. The following part deals with the fourth
category and investigate methods and approaches of measuring agility. Indeed, knowing the degree of an
organizational agility is vital in future planning and helps managers to understand to what extent their
organization is required to be agile [22].

The dimensions of agility measured in researches are also different. Reference [20] points out that agility
has three dimensions: operational agility (the ability to use business opportunities quickly, properly and cost-
efficiently), customer agility (the ability to learn from customers as well as explore and exploit the new
identified business opportunities) and partnership agility (the ability to strength business partner’s competencies
and knowledge). Also, it proposed a fuzzy logic based assessment model for measuring the Information System
agility. In addition, According to [23], dimensions of business agility consists of market agility, network agility
and operational agility. In this paper a six step measurement framework is proposed to quantifying the overall
business agility of a company.

Because of different scopes of identifying the conceptual framework and dimensions of agility, developing
comprehensive measurement metrics is still difficult due to the multidimensionality and ambiguity of agility
concept [15]. However, researchers have been trying to quantify agility and identify its metrics. For example,
Yauch developed a quantitative, objective metric of agility that could be applied to manufacturing organizations
[24]. This approach was based on the definition of agility as being prosper in a competitive and constantly
changing environment. Level of environmental turbulence and degree of organizational success are two
dimensions of proposed model. Therefore, in a 2 x 2 conceptualized matrix, if an organization exhibit a high-
level of turbulence and a high degree of success it will be considered an agile organization. Furthermore, for
evaluating the agility level, the fuzzy methods are used by researches [25]. For instance, by using Multi Grade
Fuzzy and Fuzzy logic approach an agility assessment was done and the purpose was benchmark this approach
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in a manufacturing organization [26].

Recently another measurement model is proposed by Aravindraj and Vinodh that is a comprehensive 40-
criteria agility measurement model. Implemented in an Indian manufacturing organization, the model is used for
measuring agility level [27].

Actually, different definitions of agility may result in different perspectives of agility assessment.
Therefore, practitioners first must decide what Agility means to them and then try to assess it [28].

3. Quantification of Agility Metric

Agility measurement methods generally have the lack of attention to the level of agility required by the
enterprise to evaluate and compare with competitors. In fact, in evaluating the agility, two matters should be
considered: first, the required level of agility regarding the intensity of environmental changes and changes in
customer needs and second, the status of the enterprise compared with its competitors and industry.

This paper improved quantification techniques of certain metrics that are critical in assessing an enterprise
agility regarding the industry and competitors. These techniques were proposed in [6], but in this paper each
technique has been changed so that it could be more practical. Actually, these changes provide the opportunity
for enterprises to compare themselves with best practices or competitors. Three agility metrics proposed in this
paper can be computed using financial data of the enterprise and data available in the internet and websites from
competitors and industry. In the following section three metrics are discussed.

A. Market Share Metric

Measuring the growth of market share of an enterprise is the first and most important action. The first focus
of any enterprise is to capture as much as market share to increase the profit. According to [29], Overall market
share is “the company’s sales expressed as a percentage of total market sales”. In other words, the market share
can be defined as the percentage of market's total sales that is earned by an enterprise over a specified time
period. Market share is calculated by taking the enterprise's sales over the period and dividing it by the total
sales of the industry over the same period [30]. Some parameters that may affect the market share of an
enterprise are the quality and quantity of responses to customer demands. As a result, according to [6] adapting
to customer demands and responding properly to them increases market share. Therefore, the growth of the
market share is a good indicator of agility because it shows better responding to environment changes and
customer needs. So, it makes it possible to compare the firm’s growth of market share with that of its
competitors.

Reference [6] for measuring this metric used the division of market share of one product in period (n) to the
market share of that product in period (1) and these numbers are replaced with the total sale of one product in
period (n) to the total sale of that product in period (1). Here, as in (1), we can calculate the growth of market
share as an agile metric for the whole enterprise (the formula is denoted as AG(Ms)):

Totalsale of an enterprise in period n
Total sale of an enterprise in period 1 @

The value greater than 1 is preferred. This metric provides the ability to compare any two types of firms
without them having to have the similar products.

AG(MS) =

B. Responsiveness Metric

An agile enterprise tries to satisfy its customers and employees in a volatile and unpredictable business
condition. Therefore, Agility is a vital capability, especially when defined as the ability of an enterprise to
respond rapidly to changes of customer and market demands [15]. There have been many discussions about
change and there is nothing new about it. Nevertheless, change occurs faster than before and makes some
enterprises to fail in the turbulent environment. According to [31] each enterprise faces various changes, but the
general areas of change can be categorized as: change in customer demands [32], market volatility, intense
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competition, accelerating technological changes and finally change in social factors.

Accordingly, agile enterprises should make appropriate responses to prosper in the volatile and
unpredictable market. Such enterprises, therefore, should have responsiveness element which means the ability
to sense/identify changes and to respond reactively or proactively in a shortest possible time [33].

The ability to respond to uncertain changes is the most important element of being agile. Enterprise that
responds to uncertain changes more efficiently and effectively, will gain more market share and naturally get
prospered. The utility curve for responsiveness can be assumed as the shape in “Figure 1.

It should be mentioned that acceptable range of response time is not the same among industries. So, in
quantifying responsiveness metric, it should be kept in mind to compare the enterprise with competitors or
industry. As shown in “Figure 2”, Enterprise A has a quicker response time and a shorter new product

development cycle than of the industry.

Utility

Time Period L

Fig. 1: Utility curve for responsiveness [34]

Enterprise A

2 Industry

NPD, Rate

Time

Fig. 2: New product development cycle for enterprise a versus industry development cycle [34]

The responsiveness metric is shown as in (2).
Averagetime for introducig new productsfor industry @)

AG(Re) =
Averagetime for introducig new productsfor measured enterprise

A value much larger than 1 is more desired. The formula is given in detail in (3). It is obvious that number
of the enterprises should not be less than two.

Numberof new prductsfor the enterprisewithina specifiedperiod (3)

Numberof new productsof the enterpriseand its com petitors within a specifiedperiod

AG(Re) =

Numberof the enterprises
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C. Cost-effectiveness Metric

Cost-effectiveness metric checks the efficiencies of allocation of investments [35]. The enterprise might be
changed with the changing environment, but in an effective way. Because it is not possible to find the costs and
sales of every product, and finding a common product in the enterprise and its competitors or industry to
compare is not always available, we can use total costs and total sales to calculate this metric. There are two
popular ways to find cost-effectiveness metric, as

Cost
Cost - effectiven ess =—— 4)
Sale
Operating Expenses
Operating Expense Ratio = P A 5)
Revenue

The cost-effectiveness metric proposed in this paper is shown in (6). The value should be equal or greater
than 1 (preferably greater than 1 for agile enterprise).
Industry total cost

Industry total sale
Enterprise total cost

AG (Ce) = (6)

Enterprise total sale

4. Calculating Adobe system Inc. agility metrics

Given that many works have been done on agility in computer and information technology [8], [3], [15] and
as technology sector is in the most agile categories, some enterprises of technology sector are selected to show
how to use the proposed metrics and associated formulas. For measuring an enterprise agility metrics by
proposed metrics it is necessary to collect data from competitors or industry either. For example, for calculating
Adobe Systems Incorporation’s agility metrics, which is in the application software industry, data is also
gathered from its competitors such as salesforce.com, Microsoft Corporation, Oracle Corporation, Red Hat, Inc.,
etc. These enterprises are in S&P 500 and data has been collected between the years 2007 to 2011. It’s
necessary to mention that the gathered data might be incomplete and imprecise. The following section will be
divided in four brief sections, the first three sections deal with the use of agility metrics and the last section
presents the analyses of the results.

A. Market Share Metric

As mentioned before, it is required to have the total sale of two periods (period n and period 1). Adobe
System Incorporation’s total sale in 2011 and 2007 equals 4216.26 and 3158 respectively. All financial data
should be multiplied by 1,000,000. So, according to “(2)”, market share metric is simply calculated as:

4216.26

AG(Ms) = =134

B. Responsiveness Metric

According to (3), AG(Re) of Adobe System Inc. can be obtained. The number of new products, launches or
releases of this incorporation between the years 2007 and 2011 was 14 (“Adobe Systems,” 2013), while the total
sum of new products for industry for the same years was 85 for seven enterprises (detailed information is shown
in Table 1).

14
AG(Re) = — =1.15
85

7
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C. Cost-effectiveness Metric
By using (6), cost-effectiveness metric only for the year 2011 is calculated. So, total cost and total sale of
Adobe System Inc. respectively equals 438 and 4216.26 for year 2011 and sum of total costs and total sales of
all seven enterprises for 2011 equals 32684 and 124494.26.
32684

AG(Ce) = % - 253

4216.26

D. Analyzing the Status of Adobe Compared to Competitors

All metrics calculated for six other companies in application software industry are shown in Table 2.
TABLE 2: AGILITY METRICS FOR ADOBE SYSTEM INC. AND ITS COMPETITORS

Company Name To;a(x)llsiale To;glos,?ale To;e(x)llclost I\Il_l;Tr?:r:ezf AG (Ms) AG (Re) AG (Ce)
(2007-2011)
Adobe Systems Inc. 4216.26 3158 438 14 1.34 1.15 2.53
BMC Software Inc. 2065 1580 484 7 131 0.58 112
Salesforce.com 1657 497 324 13 3.33 1.07 1.34
Microsoft Corporation 69943 51122 15575 13 1.37 1.07 1.18
Oracle Corporation 35622 17996 8398 12 1.98 0.99 1.11
Red Hat, Inc. 909 401 150 16 2.28 1.32 1.59
Automatic Data Processing, Inc. 10082 10038 7315 10 1.004 0.82 0.36
Sum 124494.26 32684 85

The data provided in Table 2 shows that the status of Adobe System Inc. compared with its competitors is
satisfying. The growth of market share between 2007 and 2011 is convincing. However, some competitors such
as Salesforce.com, Microsoft Corporation and Red Hat, Inc. obtain a better number in this metric. Therefore,
Adobe needs to investigate in some strategies to achieve bigger market share. Adobe has an acceptable situation
in responsiveness metric and the best position in the cost-effectiveness metric between competitors.

5. Conclusion

The research conducted in this paper dealt with the problem of assessing the agility metrics of an enterprise.
The technique represented here is useful for identifying the status and improving the agility level of an
enterprise and comparing it with competitors. Three proposed metrics of agility are calculated for some
application software enterprises and results are discussed. The techniques proposed here are useful in any
market and industry. Therefore, future research in different market sectors can demonstrate the utility of
methodologies and metrics.

6. Acknowledgment
The Authors would like to extend their thanks to the anonymous reviewer for valuable feedbacks which
helped us to improve the paper.

7. References

[1] J. Gosling, L. Purvis, and M. M. Naim, “Supply chain flexibility as a determinant of supplier selection,” International
Journal of Production Economics, vol. 128, no. 1, pp. 11-21, 2010.

[2] 1. McCarthy and C. Tsinopoulos, “Strategies for agility: an evolutionary and configurational approach,” Integrated
Manufacturing Systems, vol. 14, no. 2, pp. 103-113, 2003.

https://doi.org/10.17758/ERPUB.ER1217304 174



6th International Conference on Mechanical, Aeronautical and Industrial Engineering (MAIE-17) Dec. 7-8, 2017 Paris (France)

[3] F.-M. Tseng, Y.-J. Chiu, and J.-S. Chen, “Measuring business performance in the high-tech manufacturing industry: A
case study of Taiwan’s large-sized TFT-LCD panel companies,” Omega, vol. 37, no. 3, pp. 686-697, 2009.

[4] C. A. Yauch, “Measuring agility as a performance outcome,” Journal of Manufacturing Technology Management, vol.
22, no. 3, pp. 384-404, 2011.

[5] “Market Share Definition | Investopedia.” [Online]. Available: http://www.investopedia.com/terms/m/marketshare.asp.
[Accessed: 22-Oct-2015].

[6] Marketing Management: Millennium Edition, 10 edition. Upper Saddle River, N.J: Prentice Hall, 1999.

[7] G. D. Putnik and G. D. Putnik, “Lean vs agile from an organizational sustainability, complexity and learning
perspective,” The Learning Organization, vol. 19, no. 3, pp. 176-182, 2012.

[8] R. Dove, “Knowledge management, response ability, and the agile enterprise,” Journal of knowledge management, vol.
3, no. 1, pp. 18-35, 1999.

[9] T. R. Chung, T.-P. Liang, C.-H. Peng, and D.-N. Chen, “Knowledge Creation and Firm Performance: Mediating
Processes from an Organizational Agility Perspective.,” in AMCIS, 2010, p. 478.

[10] S. Jalali, C. Wohlin, and L. Angelis, “Investigating the applicability of Agility assessment surveys: A case study,”
Journal of Systems and Software, vol. 98, pp. 172—-190, 2014.

[11] N. Roberts and V. Grover, “Investigating firm’s customer agility and firm performance: The importance of aligning
sense and respond capabilities,” Journal of Business Research, vol. 65, no. 5, pp. 579-585, 2012.

[12] S. Aravindraj and S. Vinodh, “Forty criteria based agility assessment using scoring approach in an Indian relays
manufacturing organization,” Journal of Engineering, Design and Technology, vol. 12, no. 4, pp. 507-518, 2014.

[13] A. Ganguly, R. Nilchiani, and J. V. Farr, “Evaluating agility in corporate enterprises,” International Journal of
Production Economics, vol. 118, no. 2, pp. 410-423, 2009.

[14] Y.-H. Tseng and C.-T. Lin, “Enhancing enterprise agility by deploying agile drivers, capabilities and providers,”
Information Sciences, vol. 181, no. 17, pp. 3693-3708, 2011.

[15] N. Roberts, “Digitally Enhancing Customer Agility and Competitive Activity: How Firms Use Information Technology
to Sense and Respond to Market Opportunities in Hypercompetitive Environments,” 2009.

[16] J. Brochner and U. Badenfelt, “Changes and change management in construction and IT projects,” Automation in
Construction, vol. 20, no. 7, pp. 767-775, 2011.

[17] 1. Pahlke, M. Wolf, R. Beck, and S. Kempf, “Business agility within IS value research-proposing a measurement
framework.,” in ECIS, 2011.

[18] M. van Oosterhout, Business agility and information technology in service organizations. Erasmus Research Institute of
Management (ERIM), 2010.

[19] C. G. Worley and E. E. Lawler, “Built to change organizations and responsible progress: Twin pillars of sustainable
success,” Research in organizational change and development, vol. 18, pp. 1-49, 2010.

[20] Chyan Yang and Hsian-Ming Liu, “Boosting firm performance via enterprise agility and network structure,”
Management Decision, vol. 50, no. 6, pp. 1022-1044, Jun. 2012.

[21] J. Sarkis, “Benchmarking for agility,” Benchmarking: An International Journal, vol. 8, no. 2, pp. 88-107, 2001.

[22] S. Vinodh and S. Aravindraj, “Benchmarking agility assessment approaches: a case study,” Benchmarking: An
International Journal, vol. 22, no. 1, pp. 2-17, 2015.

[23] E. S. Bernardes and M. D. Hanna, “A theoretical review of flexibility, agility and responsiveness in the operations
management literature: Toward a conceptual definition of customer responsiveness,” International Journal of
Operations & Production Management, vol. 29, no. 1, pp. 30-53, 2009.

[24] B. Sherehiy, W. Karwowski, and J. K. Layer, “A review of enterprise agility: Concepts, frameworks, and attributes,”
International Journal of industrial ergonomics, vol. 37, no. 5, pp. 445-460, 2007.

[25] M. Christopher and D. Towill, “An integrated model for the design of agile supply chains,” International Journal of
Physical Distribution & Logistics Management, vol. 31, no. 4, pp. 235-246, 2001.

[26] A. Qumer and B. Henderson-Sellers, “An evaluation of the degree of agility in six agile methods and its applicability for

method engineering,” Information and Software Technology, vol. 50, no. 4, pp. 280295, Mar. 2008.
[27] R. Imache, S. 1zza, and M. Ahmed-Nacer, “An enterprise information system agility assessment model,” 2012.

https://doi.org/10.17758/ERPUB.ER1217304 175



6th International Conference on Mechanical, Aeronautical and Industrial Engineering (MAIE-17) Dec. 7-8, 2017 Paris (France)

[28] H. Sharifi and Z. Zhang, “A methodology for achieving agility in manufacturing organisations: An introduction,”
International journal of production economics, vol. 62, no. 1, pp. 7-22, 1999.

[29] N. Izadpanah and A. Yaghoubipoor, “Agility reaching in governmental organizations and their achievements,” Life
Science Journal, vol. 9, no. 4, 2012.

[30] C.-T. Lin, H. Chiu, and P.-Y. Chu, “Agility index in the supply chain,” International Journal of Production Economics,
vol. 100, no. 2, pp. 285-299, 2006.

[31] S. Mishra, S. Sankar Mahapatra, and S. Datta, “Agility evaluation in fuzzy context: influence of decision-makers’ risk
bearing attitude,” Benchmarking: An International Journal, vol. 21, no. 6, pp. 1084-1119, 2014.

[32] “Adobe Systems,” Wikipedia, the free encyclopedia. 04-Jul-2013.

https://doi.org/10.17758/ERPUB.ER1217304 176





