
International Journal of Management Research, Vol. 7 No. 1 & 2, December 2016 

 

 

1 

 

ISSN: 0976-6669 
 

International Journal of Management Research 
 
Volume 7, Number 1 & 2                              December 2016 
 

 
Editor  
Dr. D. K. Malhotra, Philadelphia University (USA) 
 
Managing Editor  
Dr. Srirang Jha, Apeejay School of Management, New Delhi (India) 
 
Assistant Editor 
Dr Rajneesh Mahajan, Apeejay School of Management, New Delhi (India) 
 
Editorial Advisory Board  
Dr. Russel Kershaw, Clark H. Byrum School of Business, Marian University, Indiana (USA) 
 
Dr. Vivek Bhargava, Alcorn State University, Mississippi (USA)  
 
Dr. Joel M Rodney, formerly with Penn State York, Pennsylvania, (USA) 
 
Dr. Lloyd Russow, Philadelphia University, Philadelphia (USA)  
 
Dr. C. P. Gupta, University of Delhi, Delhi (India)  
 
Dr. Rashmi Malhotra, Saint Joseph’s University, Philadelphia (USA)  
 
Dr. Rand Martin, Bloomsburg University, Pennsylvania, (USA)  
 
Dr. Alok Saklani, Apeejay School of Management, New Delhi (India)  
 
Dr. Shailendra Singh, Indian Institute of Management, Lucknow (India)  
 
Dr. D. P. S. Verma, formerly with University of Delhi, Delhi (India)  
 
Dr. Narender Singh, formerly with Institute of Technology Management (India) 
 
Dr. Harish Chandra Chaudhary, Banaras Hindu University, Varanasi (India)  
 



 

International Journal of Management Research, Vol. 7 No. 1 & 2, December 2016 

2 

 

International Journal of Management Research (IJMR) is a peer-reviewed biannual journal 
published jointly by Apeejay School of Management, New Delhi (India) and Philadelphia 
University, Philadelphia (USA). IJMR is published in June and December every year. 
 
IJMR aims at providing an intellectual platform for high quality research encompassing all the 
sub-domains of Management. In the process, as a joint academic initiative, it would not only 
cause dissemination of knowledge across the world but also foster collaborative research. 
Poised to nurture creativity, innovation and forward-looking management practices it aspires to 
improve the quality of life of people across the globe.  
 
Subscription Rate (Overseas)  
 

Subscription 
Period 

Institutional   
Subscription 

Institutional 
Subscription with 
Shipping Charges 

Individual 
Subscription 

Individual 
Subscription with 
Shipping Charges 

1 Year $ 50 $ 55 $20 $ 25 

2 Years $ 90 $ 100 $ 35 $ 45 

3 Years $ 120 $ 135 $ 40 $ 55 

  
Subscription Rate (Domestic) 
 

Subscription Period Institutional Subscription for 
India 

Individual Subscription for India 

1 Year Rs. 800.00 Rs. 300.00 

2 Years Rs. 1500.00 Rs. 500.00 

3 Years Rs. 2000.00 Rs. 700.00 

 
Editorial & Subscription Enquires: ijmr.asm@apeejay.edu  
 
Copyrights © Apeejay School of Management, New Delhi (India) 
  
All rights reserved. No part of this publication can be reproduced without written permission of 
the Editor/Publisher except for purpose of quotes in research papers. 
 
Disclaimer: The views expressed in the articles/reviews are those of the contributors and not 
necessarily of the Editorial Board or Apeejay Education Society/Philadelphia University. 
Articles/reviews are published in good faith and the contributors will be liable for any copyright 
infringements.  
 
Published by the Director, Apeejay School of Management, Sector 8, Institutional Area, Dwarka, 
New Delhi –110077. 

mailto:ijmr.asm@apeejay.edu


 

International Journal of Management Research, Vol. 7 No. 1 & 2, December 2016 

3 

 

Contents 

 
Editorial 4 
 
Effects of Exchange Rate Movements on Wages and  
Employment in US Manufacturing 
Anusua Datta, D.K. Malhotra, Allison Glaser 6 
 
Testing Random Walk Hypothesis: An Empirical Analysis  
of NSE Indices 
Gurmeet Singh 19 
 
Identifying Tax Efficient Mutual Funds using Data  
Envelopment Analysis Model 
D. K. Malhotra, Rashmi Malhotra, Vivek Bhargava, Ruben Mendoza 33 
 
Process and Customer Interaction Innovation in Knowledge 
Intensive Business Services: Role of Networks, Culture and Resources  
Amit Sareen, Sharadindu Pandey 45 
 
Phronesis of Great Leadership at Workplace 
Suneetha.Y,  Aparna. M 57  



 

International Journal of Management Research, Vol. 7 No. 1 & 2, December 2016 

4 

 

Editorial  
 
We are happy to present December 2016 issue of IJMR to the esteemed scholarly community. 
In this issue, we have included five papers drawn from Finance, Marketing and HR. We sincerely 
hope that the readers will find these contributions worthwhile and stimulating.     
 
Anusua Datta, D. K. Malhotra and Allison Glaser have contributed an interesting paper titled 
‘Effects of Exchange Rate Movements on Wages and Employment in US Manufacturing’. In this 
paper, the authors have examined the effects of exchange rate movements on employment 
and wages for 16 manufacturing industries in the US using data for the period 1988 to 2009. 
The authors find that the exchange rates have a greater impact on wages in import-intensive 
industries as compared to export-intensive industries. The exchange rate effects on 
employment are smaller. Industry-specific regressions show that exchange rate movements 
have a statistically significant effect on wages in 6 of 16 industries. The exchange rate effect on 
employment is significant only for 3 of the 16 industries.  
 
Paper titled ‘Testing Random Walk Hypothesis: An Empirical Analysis’ by Gurmeet Singh 
investigates weak form of efficiency in Indian equity market. For this purpose, informational 
efficiency of National Stock Exchange of Indian’s indices i.e. NIFTY, bank NIFTY and IT NIFTY 
have been examined. The NSE indices returns under the study do not confirm to normal 
distribution.  The index log returns are found to be non-stationery at levels, whereas first 
differences are found stationery. The result of autocorrelation test finds evidence of statistical 
dependence in the returns generating process. The results of the study show that the returns 
are predictable and do not follow the random walk except in case of bank NIFTY, whose auto- 
regression of first order is  insignificant, although  serial correlation test of bank NIFTY is 
significant.  
 
‘Identifying Tax Efficient Mutual Funds using Data Envelopment Analysis Model’ by D. K. 
Malhotra, Rashmi Malhotra, Vivek Bhargava and Ruben Mendoza provides practical insights on 
use of data envelopment analysis (DEA) to benchmark mutual funds on their tax efficiency. In 
this paper, the authors have benchmarked a mutual fund on the basis of 12-month total return, 
tax-cost ratio, standard deviation, turnover ratio, and expense ratio so that investor can select 
the most tax efficient mutual funds on a broader basis rather than just the performance. Using 
the DEA methodology, efficiency score for 35 funds on a scale of 1 to 100 has been computed 
by maximizing twelve month total return and minimizing tax cost ratio, standard deviation, 
expense ratio, and turnover ratio. Furthermore, the study shows the areas in which tax 
inefficient mutual funds are lagging behind and how they can improve their performance to 
bring them at par with other tax efficient mutual funds. 
 
Amit Sareen and Sharadindu Pandey have contributed a paper titled ‘Process and Customer 
Interaction Innovation in Knowledge Intensive Business Services: Role of Networks, Culture and 
Resources’. The study evaluates the role of Network Relationships with: Customers (NC), 
Suppliers (NS), Select Competitors (NCOM) and Investors (NI) and Culture for Innovation (CI) and 
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Resources for Innovation (RI) in a firm on Process and Customer Interaction Innovation (PCI). 
The study finds that NC, NI, CI and RI play a significant role in PCI. The study also finds that the 
role of NS and NCOM is not significant for PCI in the case of KIBS. In terms of managerial 
implications, the study helps manager to understand the drivers of process and customer 
interaction related innovation. Networks with customers and investors have a positive effect on 
PCI. Also, innovative organizations create a culture for innovation and provide sufficient 
resources for innovative activities. Such organizations encourage creativity and are open and 
responsive to change.  
 
Suneetha Y. and Aparna M. have contributed a paper titled ‘Phronesis of Great Leadership at 
Workplace’. This paper examines whether managing by mind is better or leading by heart.  
Indeed, the leaders need to apply their mind to resolve complex problems and at the same time 
invoke their soul to tackle intricate interpersonal issues at the workplace. A valuable blend of 
these two great qualities can help leaders to develop high performing workplaces. By and far, a 
leader is marked by mind and appreciated by heart. The paper attempts to look at this 
prospective of leadership dimensions for the organizational success. This amalgamation 
flourishes into ‘Phronesis’ –the practical wisdom to act with regard to the things that are good 
or bad for man.  
 
Readers are invited to share their comments on the published articles. Selected communication 
(1000-1500 words) may be published in the next issue of IJMR. Conceptual and empirical 
research papers as well as integrated literature reviews on any theme having a potential impact 
on management practices are welcome for June 2017 issue of the journal.    
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Effects of Exchange Rate Movements  
on Wages and Employment in US Manufacturing  

 
Anusua Datta, D.K. Malhotra and Allison Glaser 

Philadelphia University, Philadelphia, USA 
E-mail: MalhotraD@philau.edu  

 
Abstract 

This study examines the effects of exchange rate movements on employment and wages for 16 
manufacturing industries in the US using data for the period 1988 to 2009. We use two 
approaches to study the exchange rate effects, one that follows a macro policy approach and 
the other uses a labor market equilibrium model. The study specifically accounts for trade 
orientation of the industry and examines the effects of industry specific exchange rates, instead 
of using an aggregate exchange rate measure, on wages and employment. We find that 
exchange rates have a greater impact on wages in import-intensive industries than export-
intensive industries. The exchange rate effects on employment are smaller. Industry-specific 
regressions show that exchanges rate movements have a statistically significant effect on wages 
in 6 of 16 industries. The exchange rate effect on employment is significant only for 3 of the 16 
industries.  
 
Keywords: Exchange Rate, Wages, Employment, US 

 
Introduction 
With the increased globalization of the US economy, the implication of dollar movements for 
wages and employment of workers in the country has emerged as a pressing economic and 
political issue. This study measures the exchange rate’s impact on employment and wages 
across industries in the manufacturing sector of the US and within 16 NAICS specific industries.  
Studies show that import prices are more responsive to exchange rate movements, while 
export prices are more stable1. Thus industry characteristics, such as trade orientation, play a 
significant role in determining the effects of dollar appreciation (depreciation). This study 
specifically tests how industries that are import- or export- intensive respond to movements in 
the exchange rate.  
 
Studies have provided varying conclusions on the dollar’s impact on industry employment and 
wages. While Revenga (1992) and Branson and Love (1988) show that exchange rates have 
significant implications for wages and for employment, respectively, Campa and Goldberg 
(1998) find that the effect on wages is strong in US industries, but the effect on employment is 
not. The present study examines more recent data from 1988 to 2009, on average hourly wage 

                                                
1 See Goldberg and Knetter (1997) for a survey. 
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and employment in 16 manufacturing industries. The study specifically accounts for trade 
orientation of the industry and examines the effects of industry specific exchange rates, instead 
of using an aggregate exchange rate measure, on wages and employment. We follow 2 
approaches, one, uses a fiscal and monetary policy framework, while the second uses a labor 
market equilibrium model, to analyze the impact of exchange rate movements on industry 
wages and employment. 
 
There are several motivations for this study. Firstly, exchange rate changes impact the 
competitiveness of an industry in the global market place. If a currency appreciates, the 
economy becomes less competitive in the global market and to that extent the demand for 
local production and local labor will go down, causing wages and possibly employment to 
decline. On the other hand, if a currency depreciates, it will make imports more expensive, 
demand exported goods will increase, which will result in higher demand for local labor and 
higher wages. Secondly, since the trade orientation of industries varies, we are better able to 
identify the magnitude of wage responses and employment sensitivity using industry-specific 
trade weighted exchange rates.  
 
The rest of the paper is organized as follows.  Section II summarizes previous studies that 
analyze the relationship between exchange rates and wages and employment.  Section III 
describes the data used in this study.  Section IV details the econometric methodology used, 
whereas section V reports the empirical findings of this study.  Finally, concluding remarks are 
presented in section VI of the paper. 
   
Previous Studies 
Previous studies have suggested a relationship between exchange rates, employment and 
wages. Branson and Love (1988), using data from the 1970s to the 1980s, found real exchange 
rate movements had a significant impact on manufacturing employment. Dollar appreciations 
(depreciations) were associated with large output and employment losses (gains). Revenga 
(1992), using a panel fo 38 three- and four-digit SIC manufacturing industries from 1977-1987 
examines the relationship between import competition, exchange rates, employment and 
wages. The study concludes that exchange rates, especially import prices, have a significant 
effect on employment and but a smaller effect on wages. The study estimates that from1980-
1985, the appreciation of the dollar reduced wages by 2 percent and employment contracted 
by 4.5-7.5 percent on average for trade-heavy industries.  
 
Campa and Goldberg’s (1998) study uses over two-decades of data on 2-digit industry data on 
employment, wages and overtime. Exchange rate effects were found to be significant for 
wages, especially in more trade oriented industries and industries with lower profit margins, 
but not for employment. This could imply that dollar appreciation leads workers to lose jobs 
but then be re-employed at lower wages within the same broad industry group, without 
affecting the overall employment numbers. Goldberg and Tracy (1999) examine the effects of 
industry specific exchange rates movements on average hourly wages and employment for 2-
digit industries across individual states. At the local labor market level exchange rates are found 
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to have statistically significant implications on wages and employment, although the magnitude 
of the effect varies considerably across industries and some US regions.  
 
Unlike studies based on labor market approach, Kandil and Mirzaie (2003), use a 
macroeconomic framework to examine the effects of anticipated and unanticipated 
fluctuations of exchange rates on sectoral employment and wages in the United States.  The 
model uses annual times series data from 1961-2000 for SIC employment and nominal wages. 
The study shows that unanticipated and unexpected appreciation of the dollar caused foreign 
demand for US goods to decrease, which had a negative impact on nominal wages in 
manufacturing and transportation industries, as competitiveness of US goods fell in the 
international markets. However, the effects are insignificant in response to anticipated real 
exchange rate shifts.  
 
Bahmani-Oskoee, Mirzaie, and Miteza (2007) use an aggregate demand and supply model to 
link sectoral employment and wages with exchange rates. The study investigates the short-run 
and long-run relationship between the value of the dollar, wages and employment for eight 
different sectors of the US from 1961-2000, applying cointegration and error correction 
modeling. Results show that dollar depreciation had a short-run impact on most sector 
employment and wages. The findings suggest that there is no long-run sensitivity of real wages 
to anticipated and unanticipated exchange rate fluctuations. That the long-run effect is 
insignificant is supported by the argument that while dollar depreciation has a short-run effect, 
since exchange rates can reverse direction over time the positive effect is offset in the long-run.  
 
Model 
Our study uses two approaches to model the link between real exchange rate and employment 
and wages in 16 manufacturing industries in the US. Our first model builds on Bahmani-Oskoee, 
Mirzaie, and Miteza’s (2007) aggregate demand and supply model to link sectoral employment 
and wages with exchange rates. It reflects the effects of fiscal and monetary policy decisions 
and exchange rates on employment and wages. In this model, we control for real government 
spending, real money supply, and real gross private domestic investment. Our second model 
builds on Goldberg and Tracy’s (1999) labor market equilibrium model and reflects the effects 
of structural changes, overall production, and exchange rates on employment and wages. In 
this model, we control for real gross domestic product and real annual federal funds interest 
rate. 
 
Each model uses panel data from 1988-2009 for 16 NAICS two-digit manufacturing industries. 
The variables are expressed in percent change. The aggregate manufacturing sector model is 
run with industry fixed effects. Each model includes the industry-specific exchange rates and 
dummy variables for import and export intensity.  
 
Macro Policy Model 
Bahmani-Oskoee, Mirzaie, and Miteza (2007) and Kandil and Mirzaie (2002) models assume 
that sectoral employment and wages are determined by the factors that determine aggregate 
demand and aggregate supply. We modify the previous models to include the effects of 
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industry specific exchange rates along with exchange rates specific to export oriented and 
import oriented markets. The export exchange rate series proxies the relevant stimuli for 
export market sales. The import exchange rate series combines the effects of imported-input 
exchange rate and import-competition exchange rates (Campa and Tracy, 1999). 
 
 (1a)    ∆ Wagesit = a0i 1 ∆Oit 2 3 ∆Mit 4 Iit  5 ∆IndXRit    
                                 6 M_∆XRit  7 E_∆XRit  8 ∆Unempit + vit 

 

(1b)      ∆ Emp +  β1 ∆Oit + β2 ∆ G + β3 ∆Mit + β4 Iit +  β5 ∆Ind_XRit     
                               + β6 M_∆XRit + β7 E_∆XRit  + β8 ∆ Unempit + uit 

 
Aggregate demand is affected by fiscal policy - real government spending (G), real gross private 
domestic investment (I) and monetary policy - real money supply (M), Aggregate supply is 
affected by energy prices measured by crude oil prices (O), the national unemployment rate 
(Unemp) and exchange rate. We include three measures of exchange rate in our model – 
industry specific exchange rate (Ind_XR) and exchange rates specific to import intensive 
industries (M_XR) and export intensive industries (E_XR). Macroeconomic theory suggests that 
an increase in government spending and the money supply should increase economic activity 
thereby increasing demand for labor and increase wages. Oil prices reflect factor costs and an 
increase in oil prices should induce higher wages and decrease labor hours. The exchange rate 
measures used in the model will assess the effect of changes in US exchange rate on sectoral 
employment wages based on trade orientation.  
 
Labor Market Equilibrium Model 
Following Goldberg and Tracy (1999), we represent the labor market equilibrium model in its 
reduced form below. Setting labor demand by a local industry equal to local labor supply yields 
equations (2a and 2b) in industry wages and employment2.  
 
(2a)    ∆ Wagesit  0i 1 ∆Oit  2  3 ∆GDPit  4 Iit  5 ∆IndXRit    
                                 6  M_∆XRit  7E_∆XRit  8 ∆Unempit + wit 

 

(2b)      ∆ Emp  1 ∆Oit 2 3 GDPit  4 Iit 5 ∆Ind_XRit     
                                6 M_∆ XRit  7E_∆XRit 8 ∆ Unempit + eit 

 
Equations (2a) and (2b) form the basis for our tests of exchange rate and local demand effects 
on the labor market of industry i.   
 
The aggregate production level and domestic demand is measured by real gross domestic 
product (GDP) and cost of capital is measured by the real federal funds interest rate (i). Costs of 
production are reflected by real crude oil prices. A decrease in the interest rate should 
encourage an increase in economic activity thereby increasing labor hours. An increase in gross 

                                                
2 See Golderberg and Tracy (1999) for derivation of the labor market equilibrium. 
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domestic product reflects an increase in national income and production which should result in 
increased wages and labor hours.  

 
Data and Variables 
Wages per employee is the average hourly wage in each industry and employment is measured 
in labor hours from the Bureau of Labor Statistics and KLEMS Multifactor Productivity Tables by 
Industry. Oil price represents imported crude oil price per barrel. Real crude oil prices were 
compiled from the United States Energy Information Administration Petroleum Marketing 
Monthly. Domestic demand is measured by Real Gross Domestic Product in billions of chained 
2005 dollars obtained from the Bureau of Economic Analysis.  
 
Investment represents the Real Gross Private Domestic Investment in billions of chained 2005.  

Federal Funds Rate reflects the cost to the producers to borrow capital and invest in new 
projects. Money supply variable uses the M2 definition of money supply in billions of dollars. 
The data for Private Domestic Investment, Federal Funds Rate and Money supply were 
obtained from the Federal Reserve Bank of St. Louis. Unemployment rate is from the Bureau of 
Labor Statistics.  
 
We conducted our analysis using industry-specific exchange rates. The export and import real 
exchange rates are constructed by interfacing the industry-specific exchange rates with dummy 
variables for export intensive and import intensive industries. The nominal exchange rates are 
adjusted by the GDP deflator to obtain the real exchange rate values. Exchange rates are 
expressed in foreign currency needed per dollar, following the convention that an increase in 
the exchange rate corresponds to an appreciation of the dollar. We use industry-specific 
exchange rates, rather than a common trade-weighted measure, to better measure the actual 
shock to individual industries due to exchange rate appreciation (depreciation). The data was 
obtained from the Federal Reserve Bank of New York’s Industry-Specific Exchange Rates of the 
United States by Linda Goldberg.  
 
The import and export intensities, measured by the trade share of each industry, were 
calculated by dividing the total import and export value of each industry by the industry’s total 
value of production. The export intensity dummy took a value of 1 for an industry that had an 
export share greater than 10 percent and was 0 otherwise. The import intensity dummy was 1 
for an industry with an import share greater than 20 percent and was 0 otherwise. Next we 
interface the industry exchange rate with the dummy for import and export intensity to arrive 
at the Import and Export Exchange Rate variables. The total value of production for each 
industry was obtained from the Bureau of Labor Statistics and KLEMS Multifactor Productivity 
Table by industry. The import and export values for each industry are taken from the Census 
Bureau.  
 
Analysis of Results 
Aggregate Industry Regressions Wages 
Table 1 and 2 present the pooled industry regressions for total industry wages and labor hours. 
Columns 1 and 2 present the results from the Policy Model with and without private 
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investment. Column 3 and 4 presents the results for the Labor Market Equilibrium model. 
Models 1 and 3 consider the overall effect of exchange rates across all industries put together. 
Models 2 and 4 separate the exchange rate effect for import-intensive and export-intensive 
industries. The estimates are consistent across the different models. At the aggregate level, our 
results support previous studies that industry-specific exchange rates have a greater impact on 
wages in import-intensive industries than export-intensive industries. In almost all instances, 
the overall industry-specific exchange rate is insignificant. [See Table 1] 
 
It appears that for workers in import intensive industries, an appreciation of the dollar 
increases demand for imported inputs which are cheaper, which in turn puts a downward 
pressure on local worker wages. A 10% increase in the value of the dollar lowers wages by 
approximately 2% percent in all models. Appreciation of the dollar however does not seem to 
have a statistically significant impact on wages in export intensive industries. The net overall 
exchange rate effect (measured by the industry exchange rate) for all industries taken together 
is insignificant, suggesting that the positive and negative effects of exchange rate changes in 
export intensive and import intensive industries cancel each other out. 
 
In the policy model, changes in monetary variable (M), does not have a significant impact on 
wages. Growth in government spending (G) however is associated with an increase in wages. A 
1% increase in G increases wages by 1%. Surprisingly, growth in private investment does not 
significantly increase wages. As our labor hours model shows growth in private investment 
seems to lead to higher employment without increasing worker wages. This has been a concern 
for the US economy in recent years, as it suffers under the pressures of globalization. 
 
In the labor market model, increases in crude oil prices tends to boost worker wages, the effect 
however is not significant in the policy model. As expected GDP growth has a positive impact on 
worker wages. An increase aggregate productivity leads to higher wages. A 10% increase in GDP 
is expected to increases wages by about 2.8%. The federal funds rate has a significant and 
negative effect on wages. This suggests that as the Federal Reserve targets a higher interest 
rate wages decrease. 
 
Employment 
At the aggregate level, we find that the net overall exchange rate change on industry 
employment for all industries taken together is significant and negative in both models. The 
estimates suggest that a10% dollar depreciation would lead to an employment boost of 0.9% -
1.4% (or vice-versa for dollar appreciation). Moreover, the positive implications for 
employment are stronger for export-oriented industries ranging between 1.2% - 1.6% but 
appear to be insignificant for import-oriented industries. [See Table 2] 
 
All the other regressors, in the labor market model, are consistently significant. Industry 
employment is higher when the growth rate of GDP is higher, i.e. the economy is in a boom. 
This is associated with higher investment and higher interest rates, which is again positively 
correlated with employment. Increases in oil prices tend to lower production which leads to 
lower employment.  
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In the policy model, real government spending (G) has an insignificant effect on employment. 
On the other hand the estimate for private investment is positive and significant. A 10% 
increase in investment boosts employment by about 3%. The monetary variable (M) 
surprisingly has a negative sign. This may be because our sample period includes the recent 
recession of 2006-2007 where increases in money supply did not have the expected stimulating 
effect on employment. It has often been described as a “jobless recovery”. 
 
Industry Specific Regressions 
Wages 
The results reported above constrain the effects of the explanatory variables to be common 
across industries. It is reasonable to think that results may vary by specific industry.  
  
The results for the industry specific regressions are reported in Tables 3 and 4. Our industry 
specific results support Goldberg and Tracy’s (1999) conclusion, that trade-oriented industries 
are more responsive to exchange rate fluctuations. However, our results differ from Bahmani-
Oskoee, Mirzaie, and Miteza (2007) in that the real industry-specific exchange rate is a 
statistically significant determinant of real wages in multiple manufacturing industries.  
 
We find that the implied labor market response to exchange rate movements vary considerably 
across industries. Our results indicate that exchange rate appreciation (depreciation) has a 
statistically, significant impact on 6 of the 16 manufacturing industries. It is important to note 
that the industry-exchange rate has both a positive and negative relationship with wages. 
Therefore, in industries that face more foreign competition, a dollar appreciation would have 
an adverse effect on demand for manufactured goods as the relative price of foreign goods may 
become more attractive than domestic goods. Therefore, dollar appreciation hurts the 
domestic labor market. However, in industries that import foreign inputs, a dollar appreciation 
lowers the cost of production. Therefore, it can provide boosts to the industry and profits. This 
would result in higher employment and wages. 
  
Our results are fairly consistent across both models. Our results show that the industry-
exchange rate is statistically significant for Wood, Petroleum/Coal, Primary Metal, Fabricated 
Metal, Machinery/Except Electrical, and Electrical industries. Appreciation of the dollar has a 
negative impact on industry wages in Wood, Primary Metal and Fabricated Metal. It is likely 
that these industries may face greater import competition when the dollar appreciates, which 
reduces demand for local products. [See Table 3] 
 
The exchange rate effect is positive effect for Petroleum/Coal, Machinery/Except Electrical, and 
Electrical industries. Of these industries Primary Metal, Machinery/except Electrical, and 
Electrical were all import- and export-intensive. It is possible that these industries use large 
amounts of imported inputs which become cheaper when the dollar appreciates in value. As 
costs of production are reduced, industries would have greater profits that could result in an 
increase in wages and labor expansion.  
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Employment  
Table 4 reports the results for the effect of exchange rate movements on industry specific 
employment. In almost all industries, the exchange rates have a statistically insignificant effect 
in the determination of labor hours. In the labor market model, the effect is significant only for 
Chemicals and Furniture/Fixtures. An appreciation in the dollar lowers the demand for labor in 
the Chemical industry which is both import and export intensive. On the other hand demand 
for labor in the Furniture/ Fixture industry increases when the dollar appreciates. Our 
preliminary analysis shows that the Furniture/Fixtures industry is import-intensive. Thus a 
stronger dollar lowers the cost of imported inputs for this industry, which likely increases local 
production and therefore increases the demand for workers. 
 
In the policy model, the exchange rate has a negative effect on labor hours in the 
Plastics/Rubber industry. The Plastics/Rubber industry is export-intensive. Thus an increase in 
the value of the dollar makes exports more expensive which has a negative impact on exports 
of Plastics/Rubber thereby lowering the demand for workers. Overall our results indicate 
exchange rate movements have a greater impact on employment in trade intensive industries. 
[See Table 4] 
 

Summary and Conclusions 
In this paper we examined the effects of exchange rate movements on employment and wages 
for 16 manufacturing industries in the US using data for the period 1988 to 2009. We use two 
approaches to study the exchange rate effects, one that follows a macro policy model and the 
other uses a labor market equilibrium model. The study specifically accounts for trade 
orientation of the industry and examines the effects of industry specific exchange rates, instead 
of using an aggregate exchange rate measure, on wages and employment. 
 
At the aggregate level, our results support previous studies in that industry-specific exchange 
rates have a greater impact on wages in import-intensive industries than export-intensive 
industries. The exchange rate effects on employment are smaller. This is keeping with the 
findings of Campa and Goldberg (1998) who found weaker implications of exchange rates for 
employment. Overall, an increase in the value of the dollar has a negative effect on 
employment especially in export intensive industries. The effect is insignificant for import 
intensive industries. 
 
Industry specific regressions also show that exchange rate movements have a stronger effect 
on industry wages and less so on employment. For wages, we found that at the national level, 
industries that are more import-intensive are more responsive to exchange rate fluctuations 
than export-intensive industries. Within industries, exchange rate movements have a significant 
impact on industry wages for six of the sixteen industries, which include: Wood, 
Petroleum/Coal, Primary Metal, Fabricated Metal, Machinery/Except Electrical, and Electrical. 
The effect on labor hours is significant only for Chemicals, Plastics/Rubber, and 
Furniture/Fixtures industries. 
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Table 1:  Exchange Rate Effects on Aggregate Industry Wages  
 

Change in Wages 

 Policy Model Labor Market Model 

 (1) (2) (3) (4) 

∆Oil Price 0.0149 0.0123 0.0315*** 0.0293*** 
 (0.0107) (0.0105) (0.0107) (0.0106) 
     
∆ M -0.178 -0.172   
 (0.194) (0.193)   
     
∆ G 1.026*** 1.051***   
 (0.301) (0.297)   
     
∆ Inv 0.0460 0.0495   
 (0.0306) (0.0305)   
     
∆ i   -0.0121* -0.0130** 
   (0.00623) (0.00619) 
     
∆ GDP   0.271* 0.284* 
   (0.146) (0.146) 
     
∆ Ind_XR -0.0134  0.0152  
 (0.0614)  (0.0623)  
     
M_∆XR  -0.232**  -0.211* 
  (0.115)  (0.117) 
     
E_∆XR  0.145  0.155 
  (0.120)  (0.123) 

N 352 352 352 352 
adj. R2 0.024 0.034 0.015 0.008 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
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Table 2:  Exchange Rate Effects on Aggregate Industry Labor Hours 
 

Changes in Labor Hours 

 Policy Model Labor Market Model 

 (1a) (2a) (1b) (2b) 

∆Oil Price -0.00941 -0.00702 -0.0288*** -0.0285*** 
 (0.00776) (0.00766) (0.00771) (0.00765) 
     
∆ M -0.385*** -0.364**   
 (0.141) (0.141)   
     
∆ G -0.116 -0.162   
 (0.218) (0.218)   
     
∆ Inv 0.316*** 0.316***   
 (0.0222) (0.0224)   
     
∆ i   0.0190*** 0.0193*** 
   (0.00447) (0.00446) 
     
∆ GDP   1.519*** 1.520*** 
   (0.105) (0.105) 
     
∆ Ind_XR -0.143***  -0.0943**  
 (0.0445)  (0.0447)  
     
M_∆XR  -0.00371  -0.00849 
  (0.0840)  (0.0842) 
     
E_∆XR  -0.159*  -0.121* 
  (0.0880)  (0.0683) 
     

N 352 352 352 352 
adj. R2 0.540 0.536 0.533 0.532 

Standard errors in parentheses 
* p<0.10, ** p<0.05, *** p<0.01 
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Table 3:  Exchange Rate Effects on Industry Specific Wages 
 

∆Wages Policy Model Labor Market Model  

§ TEXTILES 313314  -0.2303 
(0.2235) 

-0.2641 
(0.2097) 

† WOOD 321 -0.3131* 
(0.1542) 

-0.2404 
(0.1571) 

‡ PAPER 322 0.0022 
(0.1637) 

0.0272 
(0.171) 

PRINTING 323 -0.1388 
(0.1332) 

-0.1138 
(0.1375) 

PETROLEUM/COAL 324 1.0623* 
(0.5347) 

1.3402** 
(0.5523) 

§ CHEMICALS 325 -0.0153 
(0.1971) 

0.0060 
(0.1843) 

‡ PLASTICS/RUBBER 326 0.0546 
(0.1384) 

0.0286 
(0.1597) 

NONMETALLIC MINERALS 327 -0.0604 
(0.1221) 

-0.0291 
(0.1225) 

§ PRIMARY METAL 331 -0.5858** 
(0.1744) 

-0.5747** 
(0.1784) 

FABRICATED METAL 332 -0.3503** 
(0.1485) 

-0.3035* 
(0.1605) 

§ MACHINERY/EXCEPT ELECTRICAL 333 0.3865** 
(0.1358) 

0.4315** 
(0.1617) 

§ COMPUTER/ELECTRONIC 334 0.0343 
(0.2793) 

0.0410 
(0.2512) 

§ ELECTRICAL 335 0.388** 
(0.1823) 

0.3869** 
(0.1809) 

§ TRANSPORT 336 -0.3886 
(0.4593) 

-0.3970 
(0.4342) 

† FURNITURES/FIXTURES 337 -0.2313 
(0.1333) 

-0.1719 
(0.1316) 

§ MISCELLANEOUS 339 -0.1519 
(0.1274) 

-0.1338 
(0.1140) 
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Table 4:  Exchange Rate Effects on Industry Specific Employment 
 

∆Labor Hours Policy Model 
  

Labor Market Model 

§ TEXTILES 313314  -0.2396 
(0.1709) 

-0.2732 
(0.2326) 

0.0366 
(0.2637) 

† WOOD 321 -0.1316 
(0.1053) 

0.0165 
(0.2915) 

-0.1620 
(0.1476) 

‡ PAPER 322 -0.2269 
(0.1463) 

-0.2036 
(0.1617) 

-0.1980 
(0.1613) 

PRINTING 323 -0.2580 
(0.1506) 

-0.2499 
(0.1827) 

-0.1755 
(0.1524) 

PETROLEUM/COAL 324 -0.2007 
(0.1650) 

-0.1934 
(0.1519) 

-0.2154 
(0.1448) 

§ CHEMICALS 325 -0.1728 
(0.1010) 

-0.1338 
(0.1083) 

-0.1661* 
(0.0932) 

‡ PLASTICS/RUBBER 326 -0.2918** 
(0.1329) 

-0.3505 
(0.2233) 

-0.1074 
(0.1860) 

NONMETALLIC MINERALS 327 -0.0941 
(0.1739) 

0.0485 
(0.2788) 

0.0119 
(0.1373) 

§ PRIMARY METAL 331 -0.2664 
(0.1931) 

-0.2541 
(0.2766) 

-0.1547 
(0.1883) 

FABRICATED METAL 332 -0.2284 
(0.1699) 

-0.1869 
(0.2650) 

-0.1112 
(0.1549) 

§ MACHINERY/EXCEPT 
ELECTRICAL 333 

-0.3415 
(0.2162) 

-0.2057 
(0.2590) 

-0.3547 
(0.2190) 

§ COMPUTER/ELECTRONIC 334 0.2101 
(0.2515) 

0.3102 
(0.2523) 

0.1558 
(0.2397) 

§ ELECTRICAL 335 -0.1673 
(0.2012) 

-0.1240 
(0.2549) 

-0.1358 
(0.2115) 

§ TRANSPORT 336 -0.1880 
(0.1342) 

-0.0548 
(0.2453) 

-0.1152 
(0.1125) 

† FURNITURES/FIXTURES 337 0.1000 
(0.1166) 

0.0976 
(0.2422) 

0.1835* 
(0.1028) 

§ MISCELLANEOUS 339 -0.1038 
(0.1613) 

0.0157 
(0.2031) 

-0.1285 
(0.1425) 

***-significant at 1%,  **- significant at 5%,  *-significant at 10%, Standard error in parenthesis 
†-import-intensive ‡-export-intensive  
§-both import- and export-intensive 
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Abstract 

This paper investigates weak form of efficiency in Indian equity market. For this purpose, 
informational efficiency of National Stock Exchange of India’s indices i.e. NIFTY, bank NIFTY and 
IT NIFTY has been examined. The NSE indices returns under the study do not conform to normal 
distribution. The index log returns are found to be non-stationery at levels, whereas first 
differences are found stationery. The result of autocorrelation test finds evidence of statistical 
dependence in the returns generating process. In order to check the randomness in returns, 
ARIMA model has been applied. The results of ARIMA model for all the three indices of NSE 
have been found significant which implies that the returns are predictable and do not follow 
the random walk except in case of bank NIFTY, whose auto-regression of first order (AR1) 
appears to be insignificant, but the serial correlation test of bank NIFTY is significant.  
 
Keywords: Random walk, ARIMA, Price Discovery, NIFTY, Efficient Market 

 
Introduction  
Reforms were introduced in the Indian capital market in 1991. Derivative trading was presented 
as one of the reform processes and risk management in Indian stock markets. Risk hedging and 
price discovery are the two important benefits of derivatives. Futures are expected to reflect 
the prospective price movement in the underlying asset. In this connection, futures of the 
underlying assets are expected to reflect all current information and prospective events, which 
are likely to happen in near future. Investigation of randomness in stock returns is answer to 
this question. 
 
Academics and professional stock analysts have contradictory views on the price behavior in 
the speculative markets. According to professional analysts, there are trends in the movement 
of stock prices, but one should have ability to realize them in time to earn super normal profits. 
Those who are able to read information ahead of others will have an opportunity to secure 
super normal profits. Both ‘fundamentalists’ and ‘technicians’ agree on these basic 
assumptions. The difference lies in the methodology to read the information early (Alexander, 
1961). The fundamentalists study the macro economic factors that cause the price movements. 
The study of industry trends and individual firms within those industry, future plans of the firms 
and general business conditions are used for fundamental analysis. The technical analysts study 
the price movements of the immediate past to predict the future price movements.  
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Thus analysts of both the schools assume the persistence of trends in the movements of stock 
prices. For this purpose, trends must depend for their existence on the lagged response of the 
market prices to the underlying factors governing them. It might seem possible that the trends 
arise not from a lagged response of the market price to the fundamental circumstances, but 
form a trend in those underlying circumstances themselves (Working, 1934). The academics do 
not agree with the very existence of trends in the speculative stock prices. They claim that 
where trends are observable, they are merely interpretations, read in after the fact, of a 
process that really follows a random walk (Fama, 1965) (1966).  
 
A price movement in the stock price can be characterized as a random walk, if at any time the 
expected change can be represented by result of tossing a coin, not necessarily a 50-50 coin. In 
particular, the random walk would mean that the next move of the stock price is independent 
of all the past moves or events (Nordhaus, 1987). Fama (1970) characterized the speculative 
market as efficient in weak form, if it satisfies three conditions i.e. there are no transaction 
costs, all information is causelessly available to all market participants and all agree on the 
implications of current information for the current price and distributions of future prices of 
each security. He stated that there are other factors also responsible for the market inefficiency 
but the above said conditions are potential sources of market inefficiency.  
 
Thus, the futures price movements should have lagged correlation coefficient close to zero and 
said to be efficient only if the current and futures price reflects all information i.e. information 
based on the events that have already occurred and on events, which as of now the market 
expects to take place in the future. And the historical price movements do not have significant 
impact on the current and future price movements. Thus, the efficient futures market in the 
weak form is a primary condition for futures to be an efficient price discovery vehicle. This 
implies no arbitrage opportunities persist in the futures market (Singh, 2001). 
 
This paper studies the spot and future indices of National Stock Exchange of India i.e. NIFTY, 
Bank NIFTY and IT NIFTY in order to examine the weak form of efficiency of Indian equity 
futures market. The current study is divided into five sections. First section covers introduction, 
second section reviews the literature of the study, the third section deals with data and 
methodology, fourth deals with the analysis and fifth is the conclusion of the study.  
 
Literature Review 
Studies on random walk hypothesis go back to the first half of 20th century. Cowels (1933) 
studied the behavior of stock market prices by evaluating the portfolio of institutional investors. 
He studied twenty fire insurance companies, sixteen financial services companies and twenty 
four financial publications and found that the returns generated were higher than returns 
generated in normal investments but these returns were not in the position to beat the returns 
generated by outright investment in respective stocks for the period of study. In his study, he 
also found that since patterns were missing, technical theories were of no use. Further, Kendall 
and Hill (1953) made an effort to study the behavior and trends of stock market by calculating 
the first twenty nine lagged serial correlations of the first difference of twenty stock prices. 
They studied the trends on weekly basis. They examined cash wheat at Chicago on weekly basis 
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and spot cotton price at New York on monthly basis. They found that the past history of stock 
price changes did not repeat itself. 
 
Findings of Working (1934) and Alexander (1961) were consistent, just as that of Kendall and 
Hill (1953). Working (1934) studied the first difference of the series and not the series itself, 
which were random number. The limitation of his study was the lack of force, which was later 
provided by Kendall through the extensive study of lagged stock prices. Further Alexander 
(1961) quoted the study of Kendall & Hill (1953) and Osborne (1959) and stated that the price 
movements were random, in an efficient speculative market. He has also concluded that the 
price move, once initiated, tends to persist until the market reverses the same proportion. He 
has also concluded that the more accurate results regarding future price movements can be 
achieved, if filters test is applied. Defining the random movements in the stock markets, he 
observed unbiased movements in the stock prices. He has observed that if the stock price has 
moved x percent, it is likely to move up more than x percent further before it moves down by x 
percent.  
 
Mandelbrot  (1966) in his study presented the Martingale Model. He suggested that price series 
may not be random but its unbiased property does not allow the traders to exploit price 
dependences to secure super normal profits. Smidt (1968) in his study stated that there is no 
complete absence of systematic elements. He has stated that the study of random walk 
hypothesis would be more fruitful if they were conducted in the spirit of attempting to 
determine the size and extent of systematic tendencies that may exist in the stock price series. 
Even if the largest part of sequence of price changes may be described as following a 
Martingale process, it is the remaining systematic components that may be more critical. LeRoy 
(1989) and Roll (1994) suggested that it is extremely hard to make profit even from the most 
extreme violations of the market efficiency. 
 
Cootner (1962) investigated the efficiency of New York Stock Exchange (NYSE) and applied the 
mean square successive difference test. He concluded that the price movements in the 
speculative markets tend to be significantly confirming leptokurtic distribution and found to be 
random. He also concluded that the price movements are systematic and found very weak 
evidence of randomness. Fama (1966) in his discussion paper stated that returns in the 
speculative market do not conform to normal distribution, the returns are more skewed and 
the kurtosis is relatively higher. Speculative market returns may follow either platykurtic or 
leptokurtic distribution. Stevenson and Bear (1970) have studied the corn and soyabean 
commodity futures at Chicago Board of Trade. They conducted these studies for the period 
1951-1967 and found that the futures returns conforms to the leptokurtic probability 
distribution, however they witnessed a very weak evidence of random walk in the price 
movements. They found that long term segments were profitable throughout the time period 
covered both in an absolute sense and with respect to buy and hold policy under the 
mechanical trading patterns.   
 
Fama (1965) in his study evidently stated that the stock price movements were independent 
and the returns confirmed to the leptokurtic distribution and observed strong evidence of 
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random walk. Evans (1968) applied the filter rule and studied the price movements of 470 
securities listed in S&P Index during 1958-67. He found that employment of ‘Fixed Investment 
Proportion Maintenance’ strategy yielded significantly superior returns to those yielded by 
naïve buy and hold strategy, irrespective of the degree of randomness or from characterizing 
the empirical distribution of security price changes. He also found that degree of non-
randomness was not of a magnitude and should not be considered meaningful to the investor 
dealing with portfolio of securities. Jensen and Benington (1970) examined the buy and hold 
policy and the mechanical trading rules for 1952 securities listed on NYSE for the period of 
1926-1966 and concluded that the behavior of security prices on NYSE was close to that 
predicted by the efficient market theories of security price behavior. Fama (1970) categorized 
the informational efficiency of the speculative markets. He clarified that if the stock prices 
showed no lagged response, it implied that all past information and information related to the 
future events had already been impounded in the current stock prices and the market would be 
efficient in the weak form. He categorized the informational efficiency in the three ways i.e. 
weak form efficiency, semi-strong form efficiency and strong form efficiency. He found that if 
the stock prices were sensitive to the public announcements, market would be efficient in semi-
strong form. However, market sensitivity to information would be efficient in the strong form, if 
they might affect the future price movements, and were not disclosed by the management.  
 
Rendleman and Carabini  (1979) applied autocorrelation test and examined the efficiency of the 
Treasury bill future market in CME during 6th May 1976 to 31st March 1978. They found market 
inefficiency due to quasi-arbitrage opportunities prevalent in the future market of T-Bill. Rauser 
& Carter (1983) applied ARIMA, x2, t, Mean Square Prediction Tests on soyabean, soyabean 
meal and soyabean oil and found that the multivariate and ARIMA models outperformed the 
futures markets for soyabean and soyabean meal but not soyabean oil for both long term and 
short term horizons. They also found the existence of arbitrage opportunity in soyabean 
complex. Brannen & Ulveling (1984) observed the spot market of a variety of commodities 
market was not a good predictor of prospective spot market prices.  They have compared how 
well current spot prices predict future spot prices for a variety of commodities in a non-futures 
market environment. However they have observed strong evidence that the futures market 
was a good predictor of prospective spot prices and recommended futures as an efficient price 
discovery vehicle.  
 
Kumar & Makhija (1986) studied the efficiency of non-stationery stock price series. They found 
that non-stationery time series confirmed to the efficient market hypothesis. Their study 
contradicted Shiller’s (1981) results. Brown & Easton (1989) studied the daily data of London 
Stock Exchange and tried to find out whether in historical periods LSE was efficient. They have 
used run test, serial correlation and x2 as tools and found that the London Stock Market was 
efficient in the historical time period as it evidenced in the contemporary markets. They found 
serial correlation coefficient close to zero and price movements to be independent. Dokko & 
Edelstein (1989) found that the Livingstone Stock Market forecasts were adaptive and stock 
prices followed the random walk. They have applied the same set of statistical techniques using 
data for a period ranging 1955-1985. Dorfman (1993) studied the future price movements in 
Chicago Mercantile Exchange by applying Bayesian Monte Carlo Integration Technique and 
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found that the future price series was stationery and did not confirm to the efficient market 
hypothesis.  
 
Chen (1996) studied the price movement in S&P 500 stock price composite monthly index and 
S&P common stock composite dividend yield using autocorrelation, spectral analysis and filter 
techniques. He found that 70% of fluctuation in S&P Indexes, detrained by filter, could be 
explained by deterministic color chaos. He further suggested the existence of persistent chaotic 
cycles revealing new perspective of market reliance and new source of economic uncertainties. 
His findings indicated the non-existence of random walk. Reddy (1997) used ARCH and GARCH 
models to investigate the efficient market hypothesis in Indian stock market and found that the 
stock market returns were not normally distributed. It meant that the price movements were 
speculative and volatile. He held low spread of information dissemination, the cause for Indian 
stock market inefficiency. Most of the studies conducted in the developed economies 
confirmed the weak form of market efficiency, while in the case of developing or under- 
developed economies the reverse situation prevailed (Mobarek & Keasey, 2000).  
 
Dimison & Mussavian (1998) supported the efficient market hypothesis by demonstrating the 
difficulty of beating the market, whether by analyzing publicly available information or by 
employing professional investment advisory services. Kamath (1998) examined the 10 industrial 
indices and SET index of Thailand over a period of 15 years. He has observed significant day of 
the week effects in Thailand stock market. He has also concluded that the index movements 
confirmed to leptokurtic distribution. Mishra (1999) and Anshuman & Goswami (2000) studied 
the day of week effect in the Indian stock market and concluded that week day anomalies were 
present in the Indian stock markets.  
 
Mobarek & Keasey (2000) applied run test, autocorrelation test, autoregression test and ARIMA 
model to study the behavior of stock price movement in Dhaka Stock Exchange of Bangladesh 
for a period 1988-97. They have found market inefficiency and reported huge transaction cost, 
weak communication system, long processing time and low volumes as the reasons for 
inefficiency in the market. Marrisetty (2003) found that prices took 19 days to adjust to their 
intrinsic value in Indian stock market and observed inefficiency in information dissemination. 
He has also observed the overreaction in the stock prices before adjusting to their intrinsic 
values. Mangala & Mittal (2005) studied the daily closing returns and found the returns to be 
negative on Friday and most positive on Wednesday. They have also found inefficiency in the 
Indian Stock Market implying that trader could design their strategy and exploit the situation to 
secure extra profits. 
 
In nutshell, on the basis of above-mentioned studies it can be stated that the significant efforts 
have been made at the international level to evaluate the weak form of efficiency in stock 
prices, whereas in India it has not been well investigated. Therefore, the current paper is one 
more attempt to study the weak form of efficiency of Indian futures market by studying the 
NIFTY Index spot and futures, Bank NIFTY Index spot and futures and IT NIFTY Index spot and 
futures prices of National Stock Exchange of India. 
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Data & Methodology 
As the central stock exchange of India, NSE witnesses’ maximum trading volume in F&O 
segment, Therefore indices of NSE and its current month futures have been considered for the 
study. To accomplish the research objective daily data ranging from January-2011 to December-
2015 were obtained which comprises 1233 data points for the analysis. The choice of study 
period is based on the availability of data series. The series of return is computed from daily 
closing data for the NIFTY spot and future index, Bank NIFTY spot and future and IT NIFTY spot 
and future indices of National Stock Exchange of India. The daily returns are continuous rates of 
return, computed as log of ratio of present day’s price to previous day’s price (i.e. Rt = ln (Pt 
/Pt-1)). Descriptions of variables and data sources are presented in Table 1.  
 
Table 1: Description of Variable 
 

Acronyms Construction of Variable Data Source 

LNNFSR Natural Logarithm of the NIFTY Index Spot Returns NSE Website 

LNNFFR Natural Logarithm of the NIFTY Index Future Returns NSE Website 

LNBNFSR Natural Logarithm of the Bank NIFTY Index Spot Returns NSE Website 

LNBNFFR Natural Logarithm of the Bank NIFTY Index Future Returns NSE Website 

LNINFSR Natural Logarithm of the IT NIFTY Index Spot Returns NSE Website 

LNINFFR Natural Logarithm of the IT NIFTY Index Future Returns NSE Website 

 
In time series analysis data should be stationery, otherwise the results might provide spurious 
results, meaning that, the mean and variance should be constant over time and the value of 
covariance between two time periods depends only on the distance between the two time 
period and not the actual time at which the covariance is computed. The widely used and 
popular test for stationary is the unit root test. The presence of unit root indicates that the data 
series is non-stationery. The standard procedures of unit root test namely the Augmented 
Dickey Fuller (ADF) (1979) (1981) is performed to check the stationary nature of the series. In 
the Augmented Dickey Fuller (ADF) test null hypothesis is that data set being tested has unit 
root. Assuming that the series follows an AR (p) process the Augmented Dickey Fuller (ADF) test 
makes a parametric correction and controls for the higher order correlation by adding the 
lagged difference terms of the dependent variable to the right hand side of the regression 
equation. The complete model with deterministic terms such as intercepts and trends is shown 
in equation (1). 
 

 (1) 

Where,   is a constant,  is the coefficient on a time trend and  is the lag order of the 
autoregressive process.  
 
Phillips and Perron (1988) propose an alternative (nonparametric) method of controlling for 
serial correlation when testing for a unit root. The PP unit root test method estimates the non-

augmented DF test equation, and modifies the t-ratio of the  coefficient so that serial 
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correlation does not affect the asymptotic distribution of the test statistic. The PP test is based 
on the statistic: 

    (2) 

Where ^ is the estimate, and t the t-ratio of ^, se(^) is coefficient standard error, and S is 

the standard error of the test regression. In addition, 0 is a consistent estimate of the error 
variance in non-augmented DF equation. The ADF unit root test and PP unit root test also 
provide the order of integration of the time series variables. In a multivariate context if the 
variable under consideration are found to be I (1) (i.e. they are non-stationary at level but 
stationary at first difference), but the linear combination of the integrated variables is I (0), then 
the variables are said to be co-integrated (Enders, 2004). 
 
One of the key assumptions of the ordinary regression model is that the errors have the same 
variance throughout the sample. This is also called the homoscedasticity model. If the error 
variance is not constant, the data are said to be heteroscedastic. Findings of heteroscedasticity 
in stock returns are well documented (Mandelbrot, 1963) (Fama, 1965) (Bollerslev, 1986). To 
Test whether the successive returns of NIFTY indices are independent or not, autocorrelation 
test and ARIMA process are employed. The Breusch–Godfrey serial correlation LM test (1979), 
(1978) is a test for autocorrelation. Autocorrelation is a reliable measure for testing of 
independence of random variable in return series. Kendall & Hill  (1953), Fama (1965), 
Stevenson & Bear (1970), Rendleman & Carabini (1979), Nordhaus  (1987), Chen (1996), Reddy 
(1997), and Mobarek & Keasey  (2000) have applied autocorrelation test in various speculative 
stock markets. The serial correlation coefficient measures the relationship between the values 
of a random variable at time t and its value in the previous period. The null hypothesis of the 
Breusch–Godfrey serial correlation LM test is that the residuals are not serially correlated. 
 
The ARIMA procedure analyzes and forecasts equally spaced univariate time series data, 
transfer function data, and intervention data using the Auto Regressive Integrated Moving 
Average (ARIMA) or autoregressive moving-average (ARMA) model. An ARIMA model predicts a 
value in a response time series as a linear combination of its own past values, past errors (also 
called shocks or innovations), and current and past values of other time series. The ARIMA 
approach was first popularized by Box and Jenkins (1976), and ARIMA models are often 
referred to as Box-Jenkins models. The general transfer function model employed by the ARIMA 
procedure was discussed by Box and Tiao (1975). One subset of ARMA models are the so-called 
autoregressive, or AR models. An AR model expresses a time series as a linear function of its 
past values. The order of the AR model tells how many lagged past values are included. An AR 
(p) (Auto Regressive of order p) model is a discrete time linear equations with noise, of the form 
 

      (3) 
Here p is the order, α1,…,αp are the parameters or coefficients (real numbers), εt is an error 
term, usually a white noise with intensity σ2. The moving average (MA) model is a form of 
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ARMA model in which the time series is regarded as a moving average (unevenly weighted) of a 
random shock series εt. A MA (q) (Moving Average with orders p and q) model is an explicit 
formula for Xt in terms of noise of the form 
 

      (4) 
The process is given by a (weighted) average of the noise, but not an average from time zero to 
the present time t; instead, an average moving with t is taken, using only the last q + 1 times. 
An ARMA (p, q) (Auto Regressive Moving Average with orders p and q) model is a discrete time 
linear equations with noise, of the form 
 

  (5) 
 
Empirical Analysis 
The descriptive statistics for all the variables are presented in Table 2. The value of kurtosis and 
skewness shows the lack of symmetric in distribution. The observed distribution is said to be 
normally distributed, if the value of skewness and kurtosis are 0 and 3 respectively. From Table 
2 it is observed that the frequency distribution of the underlying variables is not normal. The 
null hypothesis of the Jarque-Bera statistics is the frequency distribution is normally distributed. 
The significant coefficient of Jarque-Bera statistics also indicates that the frequency 
distributions of the considered series are not normal. The probability value of less than 0.05 of 
Jarque-Bera statistics indicates that the frequency distributions of considered series are not 
normally distributed, which is the precondition for any market to be efficient in the weak form 
((Fama E. , 1965), (Stevenson & Bear, 1970), and Reddy  (1997)). The evidence for rejection of 
normality in index futures returns is consistent with those fond by Kendall (1953), Fama (1965), 
Stevenson & Bear (1970), Chen (1996), Reddy (1997), and Kamath (1998) in the different 
financial markets. 
 
Table 2: Descriptive Statistics of Variable 
 

  LNNFSR LNNFFR LNBNFSR LNBNFFR LNINFSR LNINFFR 

 Mean 0.0176 0.0179 0.0186 0.0198 0.0316 0.0294 

 Median 0.0232 0.0360 0.0255 0.0177 0.0337 0.0227 

 Maximum 1.5704 1.6180 2.3474 2.3261 2.3353 2.3418 

 Minimum -1.9337 -1.9259 -2.0665 -2.1411 -2.5449 -2.5452 

 Std. Dev. 0.6294 0.6509 0.8035 0.8296 0.7007 0.7030 

 Skewness -0.0394 -0.0447 0.0051 -0.0069 -0.1148 -0.0938 

 Kurtosis 2.3350 2.3152 2.2092 2.1705 2.6522 2.6231 

 Jarque-Bera 23.0353 24.5001 32.1361 35.3594 8.9234 9.1053 

 Probability 0.0000 0.0000 0.0000 0.0000 0.0115 0.0105 

 Observations 1233 1233 1233 1233 1233 1233 

Source: Author's Estimation           
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Further, to check the stationarity of the underlying data series, ADF test and PP test are 
employed and results are presented in Table 3. On the basis of the Augmented Dickey Fuller 
test and Phillips and Perron test, all the series are found to be non-stationery at level with 
intercept. However, after taking the first difference, these series are found to be stationery at 
1% significance level. Thus the stationery test indicates that all series are individually integrated 
of the order I (1). Thus, in order to give robust interpretations on weak form of efficiency of 
Indian stock market, ARIMA model is applied. 
 
Table 3: Result of Augmented Dickey-Fuller & Philips Perron Unit Root Test 
 

Variable 

ADF Test PP Test 

Without Drift* 
With Drift & 

Trend* 
Without Drift* 

With Drift & 
Trend* 

D(LNNFSR) -17.02756 -17.01311 -520.5248 -528.9095 

D(LNNFFR) -20.20933 -20.19343 -449.0205 -451.2833 

D(LNBNFSR) -16.69332 -16.67929 -405.0239 -410.6576 

D(LNBNFFR) -16.01045 -15.99732 -467.3833 -475.536 

D(LNINFSR) -15.62296 -15.6123 -440.9522 -439.8993 

D(LNINFFR) -15.45261 -15.44197 -562.6176 -561.4593 

Based on MacKinnon (1996) one-sided p-values. *Significant at 1% level of significance. 

Source: Author's Estimation 
 

The test of serial correlation in the NIFTY indices for weak form of efficiency in the Indian 
futures market is presented in the Table 4 reveal that the NIFTY futures returns are serially 
dependent and the null hypothesis for all the indices of NIFTY are accepted at 1% level of 
significance. But acceptance or rejection of random walk hypothesis in futures returns cannot 
be inferred by just checking the serial correlation. Thus in order to check the randomness, 
further investigation is required. Hence ARIMA model is applied for the purpose.  

 

Table 4: Breusch-Godfrey Serial Correlation LM Test 
 

Indices Null Hypothesis 

NIFTY 

F-statistic 75.4017     Prob. F(2,1229) 0.0000 
Accepted 

Obs*R-squared 134.7588     Prob. Chi-Square(2) 0.0000 

Bank NIFTY 

F-statistic 78.88707     Prob. F(2,1229) 0.0000 
Accepted 

Obs*R-squared 140.2792     Prob. Chi-Square(2) 0.0000 

IT NIFTY 

F-statistic 102.8265     Prob. F(2,1229) 0.0000 
Accepted 

Obs*R-squared 176.7467     Prob. Chi-Square(2) 0.0000 

Source: Author's Estimation 
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After checking the stationarity and serial correlation of the time series data, as discussed above, 
ARIMA (1, 1, 1) model is applied for NIFTY spot and future, Bank NIFTY spot and future and IT 
NIFTY spot and future indices of NSE of India, which means Auto-regression of first order (AR1), 
first order difference of time series and Moving Average of first order (MA1). Table 7, 8 and 9 
discusses ARIMA results. 
  
Table 5: Result of ARMA Model of NIFTY 
 

Variable Coefficient Std. Error t-Statistic Prob.   

C 0.000156 0.001686 0.092678 0.9262 

LNNFFR 0.975675 0.006095 160.0684 0.0000 

AR(1) 0.269242 0.050698 5.310736 0.0000 

MA(1) -0.707919 0.039703 -17.83034 0.0000 

SIGMASQ 0.019741 0.000573 34.48083 0.0000 

R-squared 0.950123 Akaike info criterion -1.078764 

F-statistic 5848.142 Schwarz criterion -1.058013 
Prob (F-statistic) 0.000000 Hannan-Quinn criter. -1.070958 

Source: Author's Estimation 
 
ARIMA results of NIFTY index of NSE of India are shown in the Table 5. The t-ratio of AR1 and 
MA1 for NIFTY future returns is significant at 5% level of significance, which implies that NIFTY 
futures returns are predictable and do not follow the random walk. 
 
Table 6: Result of ARMA Model of Bank NIFTY 
 

Variable Coefficient Std. Error t-Statistic Prob.   

C -0.000836 0.002583 -0.323637 0.7463 

LNBNFFR 0.981767 0.006506 150.8946 0.0000 

AR(1) 0.026585 0.057252 0.464349 0.6425 

MA(1) -4.85E-01 0.049953 -9.704104 0.0000 

SIGMASQ 0.027393 0.000725 37.76708 0.0000 

R-squared 0.957537 Akaike info criterion -0.751275 

F-statistic 6922.854 Schwarz criterion -0.730524 
Prob(F-statistic) 0.000000 Hannan-Quinn criter. -0.743469 

Source: Author's Estimation 
 
ARIMA results of Bank NIFTY index of NSE of India shown in the Table 6 are quite interesting. 
The t-ratio of (MA1) for Bank NIFTY future returns is significant at 5% level, which implies that 
NIFTY futures returns are predictable and do not follow the random walk, but Auto-regression 
of first order (AR1), the first order difference of bank NIFTY index future returns are 
insignificant, as the probability value of (AR1) is 0.6425, more than significance level of 5%.  
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Table 7: Result of ARMA Model of IT NIFTY 
 

Variable Coefficient Std. Error t-Statistic Prob.   

C 2.65E-03 0.002085 1.270351 0.2042 

LNINFFR 9.80E-01 0.006819 143.739 0.0000 

AR(1) 1.77E-01 0.053338 3.327394 0.0009 

MA(1) -6.25E-01 0.04438 -14.07173 0.0000 

SIGMASQ 0.024569 0.000801 30.66346 0.0000 

R-squared 0.949918 Akaike info criterion -0.86005 
F-statistic 5822.945 Schwarz criterion -0.839299 

Prob(F-statistic) 0.000000 Hannan-Quinn criter. -0.852243 

Source: Author's Estimation 
 
ARIMA results of IT NIFTY index of NSE of India are shown in the Table 7. The t-ratio of AR1 and 
MA1 for IT NIFTY future returns is significant at 5% level of significance, which implies that IT 
NIFTY futures returns are predictable and do not follow the random walk. 
 
Conclusion 
The results of the current study are very important for the investors, traders and regulators of 
the Indian stock markets. As observed in the other speculative markets, the NSE indices returns 
under the study do not conform to normal distribution. As the first difference NSE indices under 
the study are found to be stationery and the serial correlation LM test signifies first order auto-
regression, thus, ARIMA (1, 1, 1) was found to be best suited model for the NSE indices under 
the study. With one exception, t-ratio of (AR1) and (MA1) was found significant, which implies 
that returns are predictable. When the auto-correlation of bank NIFTY indices was studied, 
whose auto-regression of first order (AR1) was found to be insignificant, it was found that the 
serial correlation was significantly close to zero. Low transaction cost, flexibility, easy and 
flexible margin requirements, huge trade volumes, high liquidity, easy to arbitrage are the main 
characteristics of an efficient equity markets. In India, equity futures market returns are 
predictable, which signifies that the Indian equity market is not informational efficient. High 
volatility and complex derivative products may be the reasons for inefficiency. Moreover high 
transaction cost may be another reason which is responsible for the non-random movement of 
futures prices.  
 
The traders and investors are advised to use these results cautiously as the Indian equity 
futures market are reported as informational inefficient but price discovery and causality 
between the cash and futures market returns will give correct results. Since the small investor 
of Indian equity market is not well versed with the stock market variations and do not know 
when to enter or quit the market, information efficiency of equity futures market will be great 
help to them and will lead to operational efficiency. An informational efficient futures market 
will make the role of fund managers easier and will be helpful to institutional investors as well, 
as the interest of the small investors is involved in these institutions. 
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Abstract 

This study illustrates the use of data envelopment analysis (DEA) to benchmark mutual funds on 
their tax efficiency. This study benchmarks a mutual fund on the basis of 12-month total return, 
tax-cost ratio, standard deviation, turnover ratio, and expense ratio so that investor can select 
the most tax efficient mutual funds on a broader basis rather than just the performance. Using 
the DEA methodology, efficiency score for 35 funds on a scale of 1 to 100 is computed by 
maximizing twelve month total return and minimizing tax cost ratio, standard deviation, 
expense ratio, and turnover ratio. Furthermore, the study shows the areas in which tax 
inefficient mutual funds are lagging behind and how they can improve their performance to 
bring them at par with other tax efficient mutual funds. 
 
Keywords: Tax Efficiency, Mutual Funds, Data Envelopment Analysis, USA 

 
Introduction 
One of the ingredients of an effective investment strategy is to understand the tax implications 
of your investment. Despite the tremendous growth of mutual funds in the United States, tax 
implication or aspects of mutual fund investments have not received much academic attention. 
Taxation can eat into a significant portion of investment return in a mutual fund. Mutual fund 
investors can incur taxes on shares of mutual funds in three ways.  The first is when a 
shareholder sells shares for more than the purchase price and thus realizes a capital gain.  
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Incurrence of this tax is under the control of the shareholder since they decide when to sell 
shares. The second way is taxation of interest and dividends received when shares are not held 
in a tax-deferred retirement savings account.  Mutual funds could be selected that do not pay 
interest or dividends due to their investment objective.  But, if an investor selects funds that 
generate interest and dividends, tax liability will be incurred. The third type of taxation is 
caused by mutual fund managers as they turn over the assets of the fund and create capital 
gains income which may be distributed to shareholders.  This is out of the control of the 
shareholder and is often overlooked by investors as a cause of taxation.  Qualified dividends 
and long-term capital gains get preferential tax treatment at the maximum 15% tax rate; 
however, interest, nonqualified dividends, and short-term capital gains can be taxed at the 
ordinary income tax rate that can be as high as 35 percent. Mutual fund investors, therefore, 
Fund investors are at a disadvantage when it comes to taxes. Stock investors pay taxes on an 
investment only if they have pocketed dividends or income or have sold the fund for a profit. 
Mutual fund investors, therefore, are at a disadvantage when it comes to taxes, because fund 
investors can get stuck with a tax bill on their mutual fund holdings, even if they've lost money 
since they've held the fund. Therefore, it is critical that mutual fund investors pay attention to a 
fund’s tax efficiency, because tax-efficiency will determine how much of the earned return will 
remain with the fund.  
 
Some academic studies have examined the factors that contribute to tax efficiency of a mutual 
fund. In this study, we use data envelopment analysis (DEA) models to separate tax efficient 
mutual funds from the inefficient funds on the basis of performance, tax cost ratio, standard 
deviation, turnover ratio, and expense ratio.  DEA approach will help us benchmark a mutual 
fund on a relative basis instead of absolute performance measurement as given by traditional 
performance measurement measures.   
 
Literature Review 
Peterson, Pietranico, Riepe, and Xu (2002) study the pre-tax returns, after-tax returns, and tax 
efficiency of 1,170 mutual funds that had diversified U.S. equity investment objectives over the 
years 1981 to 1998.  The authors hypothesize that the important determinants of pre-tax 
returns would also be the important determinants of after-tax returns.  They find that 
historically tax efficient funds outperform historically tax inefficient funds on an after-tax basis.  
Funds that experience net redemptions, especially in the case of large cap value funds, 
subsequently perform worse after-tax than comparable funds that do not have net 
redemptions.  They find that the important determinants of after-tax and pre-tax returns are 
the level of risk taken, investment style, past pre-tax performance, and expenses.  They find 
that turnover is not related to after-tax returns.  Finally, they find that funds with large cash 
inflows, high expense ratios, or an emphasis on small cap stocks tend to be more tax efficient 
and to have lower pre-tax returns.  The authors take their findings to mean that investors 
should focus on after-tax returns rather than tax efficiency. In a recent study, Malhotra, Martin, 
and Lafond (2011) considered the tax efficiency of mutual funds by looking at pre- and post-
liquidation bases for over 4,000 mutual funds. Their results for turnover show that its effect on 
tax efficiency depends upon conditions in the securities markets.  A falling market leads to 
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greater tax efficiency due to security sales at depressed prices.  They also found greater tax 
efficiency if mutual funds have institutional status, no-loads, and no 12b-1 plan. 
 
MODEL 
The Data Envelopment Analysis (DEA) (Charnes et al., 1978) is a widely used optimization-based 
technique that measures the relative performance of decision making units that are 
characterized by a multiple objectives and/or multiple inputs structure.  Data envelopment 
analysis is a technique used to assess the comparative efficiency of homogenous operating 
units such as schools, hospitals, utility companies, sales outlets, prisons, and military 
operations.  More recently, it has been applied to banks (Haslem, Scheraga, & Bedingfield, 
1999) and mutual funds (Haslem & Scheraga, 2003; Galagedera & Silvapulle, 2002; McMullen & 
Strong, 1998; Murthi, Choi, & Desai, 1997).  It is a powerful technique for measuring 
performance because of its objectivity and ability to handle multiple inputs and outputs that 
can be measured in different units. The DEA approach does not require specification of any 
functional relationship between inputs and outputs, or a priori specification of weights of 
inputs and outputs. DEA provides gross efficiency scores based on the effect of controllable and 
uncontrollable factors. 
 
The DEA methodology measures the performance efficiency of organization units called 
Decision-Making Units (DMUs).  This technique aims to measure how efficiently a DMU uses the 
resources available to generate a set of outputs.  The performance of DMUs is assessed in DEA 
using the concept of efficiency or productivity defined as a ratio of total outputs to total inputs.  
Efficiencies estimated using DEA are relative, that is, relative to the best performing DMU or 
DMUs (if multiple DMUs are the most efficient).  The most efficient DMU is assigned an 
efficiency score of unity or 100 percent, and the performance of other DMUs vary between 0 
and 100 percent relative to the best performance.   
 
Consider a set of n observations on the DMUs.  Let us define the following: 
  j = 1,2,……,n DMU. 
 i = 1,2,……,m inputs 
 r = 1,2,……,s outputs 

Each observation, DMUj, j = 1,2,…..,n, uses: 
  xij – amount of input i for unit j, i =1,2,……,m and j =1,2,….,n. 
  yrj – amount of output r for unit j, r = 1,2,…..,s and j = 1,2,….,n. 
  ur – weight assigned to output r, r = 1,2,…..,s 
  vi – weight assigned to input i, i =1,2,……,m. 
 
The DEA methodology gives a measure of efficiency that is defined as the ratio of weighted 
outputs to weighted inputs.  The most important issue in this method is the assessment of the 
weights.  Charnes et. al. define the efficiency measure by assigning to each unit the most 
favorable weights.  In general, the weights will not be the same for different units.  Further, if a 
unit happens to be inefficient, relative to the others, when most favorable weights are chosen, 
then it is inefficient, independent of the choice of weights.  Given these weights, the efficiency 
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of a DMU in converting the inputs to outputs can be defined as the ratio of weighted sum of 
output to weighted sum of inputs. 

Efficiency = 
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The weights for a DMU are determined using mathematical programming as those that will 
maximize the efficiency of a DMU subject to the condition that the efficiency of other DMUs 
(calculated using the same set of weights) is restricted to values between 0 and 1.  The weights 
are chosen that only most efficient units will reach the upper bound of the efficiency measure, 
chosen as 1.  Let us take one of the DMUs, say the oth DMU as the reference DMU under 
evaluation whose efficiency (Eo) is to be maximized.  Therefore, to compute the DEA efficiency 
measure for the oth DMU, we have to solve the following fractional linear programming model: 

max Eo =  
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     (3.2) 

Subject to 
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  ≤ 1,  j = 1,..,n    (3.3) 

ur ≥  , r = 1,…,s 
vi ≥  , i = 1,….,m 
 
Where   is an infinitesimal or non-Archimedean constant that prevents the weights from 
vanishing (Charnes, et. al., 1994).  When we solve the above mathematical program, we get the 
optimal objective function (3.2) that represents the efficiency of DMUo.  If the efficiency is 
unity, then the firm is said to be efficient, and will lie on the efficiency frontier.  Otherwise, the 
firm is said to be relatively inefficient.  To find the efficiency measure of other DMUs, we have 
to solve the above mathematical program by considering each of the DMUs as the reference 
DMU.  Therefore, we obtain a Pareto efficiency measure where the efficient units lie on the 
efficiency frontier (Thanassoulis, 2001).  The fractional mathematical programs are generally 
difficult to solve.  To simplify them, we should convert them to a linear program format.  The 
fractional program (3.2), (3.3) can be conveniently converted into an equivalent linear program 

by normalizing the denominator using the constraint 


m

i
ioi xv

1

 = 1.  As the weighted sum of inputs 

is constrained to be unity and the objective function is the weighted sum of outputs that has to 
be maximized.   

max 
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Subject to  
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ur ≥  , r = 1,…,s 
vi ≥  , i = 1,….,m 
This model is the CCR (Charnes, Cooper, and Rhodes) model.  Similarly, a general input 
minimization CCR model can be represented as  

min 
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ioi xv

1

'        (3.6) 

Subject to  
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'  ≤0,  j = 1,..,n,   (3.7) 

ur ≥  , r = 1,…,s 
vi ≥  , i = 1,….,m 
 
According to the basic linear programming, every linear programming problem (usually called 
the primal problem) has another closely related linear program, called its dual.  Therefore, the 
dual of the output maximizing DEA program is as follows: 


* = min        (3.8) 

subject to  




n

j 1

 jxij  ≤ xio, i = 1,….,m 




n

j 1

λjyrj ≥ yro, r = 1,…,s              (3.9) 

λj ≥ 0, 

 unrestricted. 
 

If * = 1, then the current input levels cannot be reduced, indicating that DMUo is on the 

frontier.  Otherwise, if * < 1, then DMUo is dominated by the frontier.  * represents the input-
oriented efficiency score of DMUo.  The individual input reduction is called slack.  In fact, both 
input and output slack values may exist in model (3.8) 

si
- = *xio - 



n

j 1

 jxij     i = 1,….,m 

sr
+ = 



n

j 1

λjyrj - yro,  r = 1,…,s                       (3.10) 

 
To determine the possible non-zero slacks after solving the linear program (3.8), we should 
solve the following linear program: 

max 


m

i 1

 si
-  +  



s

r 1

 sr
+ 
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subject to 




n

j 1

 jxij  + si
-  =   *xio, i = 1,….,m 




n

j 1

λjyrj -  sr
+ =  yro, r = 1,…,s   (3.11) 

λj ≥ 0, 

 unrestricted. 
 

DMUo is efficient if and only if * = 1 and si
-* = sr

+* = 0 for all i and r.  DMUo is weakly efficient if 

and only if * = 1 and si
-* ≠ 0 and (or) sr

+* ≠ 0 for some i and r.  In fact models (3.8) and (3.9) 
represent a two-stage DEA process that can be summarized in the following DEA model: 

min    - ( 


m

i 1

 si
-  +  



s

r 1

 sr
+) 

subject to 




n

j 1

 jxij  + si
-  =   xio, i = 1,….,m 




n

j 1

λjyrj -  sr
+ =  yro, r = 1,…,s   (3.12) 

λj ≥ 0, 

  unrestricted. 
 
Table 1: Generalized DEA Models 
 

Frontier Type   Input-Oriented                    Output-Oriented 
                                                            m         s                                                        m        s 

 Min  - (si
- + sr

+)              Max  - (si
- + sr

+) 
                                                         i=1     r=1                                                    i=1      r=1                      
          
  Subject to                        n                                                                   n 

                                          jxij +  si
-=xio i=1,2,…,m                         jxij +  si

-=xio i=1,2,…,m   
                                        i=1                                                               i=1 
                                          n                                                                   n 

  CRS                                 jxrj + sr
+=yro r=1, 2,…,s ;                        jyrj +  sr

+=yro r=1,2,…,s;   
                                         j=1                                                               j=1 

                                          j0                  j=1,2,…n                           j0                j=1,2,…n; 
                                                              n                                n                                   n 

                                       VRS:  Add      j= 1; NIRS: Add   j 1; NDRS: Add   j  1 
                                                            j=1                             j=1                                j=1 

Where s are the slack variables; x represents input variables; y represent output variables;  is a 

scalar factor, and  and  represent efficiency score of a DMU.   
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DATA  
The data for this study is from Morningstar Principia.  We use only those funds that have 
growth and income as their investment objective. Also, in order to use similar DMUs, we use 
funds that have a total asset size of $10 million to $15 million only. The data set is for 
December 2013. Annual data for each fund includes investment objective, twelve month total 
return, tax cost ratio, fund’s three-year annualized standard deviation, mutual fund’s turnover 
ratio, and audited expense ratio (percent). To illustrate the use of data envelopment 
methodology to rank mutual funds on the basis of tax efficiency, we choose mutual funds with 
prospectus objective of growth and income. There are a total of 35 mutual funds for which the 
data is available. Table 2 provides a summary statistics of the data used in this study. 
 
Empirical Analysis 
Table 3 summarizes our findings with regard to mutual fund tax efficiency. Table 3 shows that 
23 out of 35 mutual funds are 100 percent tax efficient when benchmarked against one 
another. Twelve mutual funds are less than 100 percent tax efficient.  The least tax efficient 
mutual fund is Forward Focus Investment fund with an efficiency score of 77 percent only.  
 
Furthermore, we compute slack variables for the inefficient mutual funds to specifically find out 
the areas in which the inefficient mutual funds are lagging behind. Table 4 shows the slack 
variables for the inefficient mutual funds. 
 
Slack variables show the areas in which inefficient mutual funds are lagging behind or need 
improvement. For instance, Forward Focus Inv and Forward Focus Inst mutual funds need to 
improve their tax cost ratio, bring down standard deviation, and audited expense ratio.  
 
Table 5 shows the peers for the underperforming mutual funds. Typically, the peers are the 
closest efficient mutual funds that for the efficiency frontier.  
 
The peers represent the 100 percent tax efficient mutual funds that are to be emulated by the 
inefficient mutual funds to improve their efficiency score. Table 3 shows the relative peers for 
tax inefficient mutual funds so that inefficient mutual can emulate them to improve their 
performance 
 
Table 5 shows that for Forward Focus Investment fund as well as for Forward Focus 
Institutional, Frost Strategic Balanced Institutional and Putnam Retirement Ready 2045 serve as 
a peer with higher weightage for Frost Strategic Balanced Institutional and lower weightage for 
Putnam. 
 
Summary and Conclusions 
Using data envelopment analysis approach, this study compared the relative tax efficiency of 
growth  and income mutual funds in terms of risk-adjusted performance, tax cost ratio, 
turnover ratio, standard deviation, and expense ratios. We calculated tax efficiency score for 35 
funds on a scale of 1 to 100 by maximizing twelve month total return and minimizing tax cost 
ratio, standard deviation, turnover ratio, and expense ratios. There are eleven growth and 
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income mutual funds that are 100 percent tax efficient. Other mutual funds were less than 100 
percent efficient. The study also showed the areas in which inefficient mutual funds are lagging 
behind and how they can improve their performance to bring them at par with other efficient 
mutual funds. 
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Table 2: Summary statistics of data used in this study 
 

Fund Name Total Return Tax Cost Std  Dev  3 Yr 
Turnover  
Ratio 

Audited  
Expense 

Mean 11.65 0.81 13.07 63.06 1.07 

Median 12.38 0.81 15.12 47.00 1.02 

Std. Dev. 3.79 0.55 4.27 66.74 0.61 

Minimum 1.18 0.00 6.76 15.00 0.00 

Maximum 16.24 1.65 17.83 414.00 2.25 
 

Table 3: Tax Efficiency of 35 Mutual Funds on the basis of Data Envelopment Analysis 
 

Fund Name efficiency 

Giant 5 Total Invmt System Investor 100% 

Frost Strategic Balanced A 100% 

Frost Strategic Balanced A Load Waived 100% 

Frost Strategic Balanced Inst 100% 

Forward Focus Inv 77% 

Forward Focus Inst 88% 

James Mid Cap 100% 

AllianceBern 2000 Retirement Strat B 100% 

AllianceBern 2000 Retirement Strat C 100% 

AllianceBern 2000 Retirement Strat A 100% 

AllianceBern 2000 Retirement Strat A LW 100% 

AllianceBern 2000 Retirement Strat R 100% 

AllianceBern 2000 Retirement Strat K 100% 

AllianceBern 2000 Retirement Strat Adv 100% 

AllianceBern 2000 Retirement Strat I 100% 

Giant 5 Total Index System Investor 89% 

Putnam RetirementReady 2045 Y 100% 

Putnam RetirementReady 2045 R 95% 

Putnam RetirementReady 2045 B 90% 

Putnam RetirementReady 2045 M 92% 

Putnam RetirementReady 2045 C 90% 

Putnam RetirementReady 2045 A 98% 

Putnam RetirementReady 2045 A LW 98% 

Dean Mid Cap Value Fund 100% 

SAAT Defensive Strategy Allc A 100% 

Great-West SecureFoundationr LT 2045 G1 84% 

Great-West SecureFoundationr LT 2045 G 85% 

UBS US Equity Alpha C 100% 

UBS US Equity Alpha A 100% 

UBS US Equity Alpha A Load Waived 100% 
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Table 4: Variables for measuring the tax efficiency of 35 growth and income mutual funds  
 

Fund Efficiency Tax Cost 
Ratio 3 
Years 

Std. Dev. 
3 Years 

Turnover 
Ratio 

Audited 
Expense 
Ratio 

Tot Ret 
12 Mo 

                                         

Giant 5 Total 

Invmt System 

Investor 100% 0.000 1.184 0.000 0.000 0.000 

Frost Strategic 

Balanced A 100% 0.000 1.746 0.000 0.000 0.000 

Frost Strategic 

Balanced A Load 

Waived 100% 0.000 1.388 0.000 0.000 0.000 

Frost Strategic 

Balanced Inst 100% 0.000 3.376 0.000 0.000 0.000 

Forward Focus Inv 77% 1.043 10.936 0.000 0.498 0.000 

Forward Focus 

Inst 88% 1.073 10.881 0.000 0.659 0.000 

James Mid Cap 100% 0.000 5.577 0.000 0.165 0.000 

AllianceBern 2000 

Retirement Strat R 100% 0.000 0.019 0.000 0.051 0.000 

AllianceBern 2000 

Retirement Strat 

Adv 100% 0.000 0.054 0.000 0.286 0.000 

Giant 5 Total 

Index System 

Investor 89% 0.000 4.098 0.000 0.000 0.000 

Putnam 

RetirementReady 

2045 Y 100% 0.000 5.898 0.000 0.183 0.000 

Putnam 

RetirementReady 

2045 R 95% 0.450 8.362 0.000 0.442 0.000 

Putnam 

RetirementReady 

2045 B 90% 0.798 8.339 0.000 0.630 0.000 

Putnam 

RetirementReady 

2045 M 92% 0.720 8.312 0.000 0.758 0.000 

Putnam 

RetirementReady 

2045 C 90% 0.764 8.341 0.000 0.597 0.000 

Putnam 

RetirementReady 

2045 A 98% 0.181 6.575 0.000 0.035 0.000 
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Putnam 

RetirementReady 

2045 A LW 98% 0.181 6.575 0.000 0.035 0.000 

Dean Mid Cap 

Value Fund 100% 0.000 7.130 0.000 0.162 0.000 

Great-West 

SecureFoundationr 

LT 2045 G1 84% 0.890 9.300 0.000 1.345 0.000 

Great-West 

SecureFoundationr 

LT 2045 G 85% 0.927 9.299 0.000 1.428 0.000 

UBS US Equity 

Alpha A Load 

Waived 100% 0.000 2.005 0.000 0.500 0.000 

UBS US Equity 

Alpha Y 100% 0.000 4.862 0.000 0.471 0.000 

Northern 

Enhanced Large 

Cap 100% 0.000 8.750 0.000 0.930 0.000 

Congressional 

Effect Investor 91% 0.000 1.224 0.000 0.000 0.000 
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Table 5: Peers for inefficient funds 
 

Fund Name 
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Forward Focus Inv 77% 0.00 0.77 0.00 0.23 0.00 0.00 0.00 0.00 0.00 

Forward Focus Inst 88% 0.00 0.65 0.00 0.35 0.00 0.00 0.00 0.00 0.00 

Giant 5 Total Index System Investor 89% 0.60 0.12 0.00 0.00 0.01 0.00 0.16 0.00 0.11 

Putnam RetirementReady 2045 R 95% 0.00 0.12 0.00 0.84 0.00 0.04 0.00 0.00 0.00 

Putnam RetirementReady 2045 B 90% 0.00 0.23 0.00 0.69 0.00 0.08 0.00 0.00 0.00 

Putnam RetirementReady 2045 M 92% 0.00 0.19 0.00 0.75 0.00 0.06 0.00 0.00 0.00 

Putnam RetirementReady 2045 C 90% 0.00 0.22 0.00 0.70 0.00 0.07 0.00 0.00 0.00 

Putnam RetirementReady 2045 A 98% 0.00 0.05 0.00 0.93 0.00 0.02 0.00 0.00 0.00 

Putnam RetirementReady 2045 A LW 98% 0.00 0.05 0.00 0.93 0.00 0.02 0.00 0.00 0.00 

Great-West SecureFoundationr LT 2045 G1 84% 0.00 0.00 0.00 0.54 0.08 0.35 0.00 0.03 0.00 

Great-West SecureFoundationr LT 2045 G 85% 0.00 0.00 0.00 0.64 0.03 0.29 0.00 0.04 0.00 

Congressional Effect Investor 91% 0.00 0.00 0.70 0.00 0.00 0.00 0.00 0.00 0.30 
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 Abstract 

Knowledge intensive business services (KIBS) are highly innovative. One of the important 
areas to innovate is improvement in operational processes and ways to interact with 
customers. This is referred to as Process and Customer Interaction Innovation (PCI). 
Organizations also have network relationships with their customers, suppliers, select 
competitors and investors. These networks are an important source of knowledge, 
technology and resources. Firms can collaborate and leverage these networks for 
innovation. Also the culture for innovation and resources available for innovation within a 
firm play an important role. The study evaluates the role of Network Relationships with: 
Customers (NC), Suppliers (NS), Select Competitors (NCOM) and Investors (NI) and Culture 
for Innovation (CI) and Resources for Innovation (RI) in a firm on PCI. The study finds that NC, 
NI, CI and RI play a significant role in PCI. The study also finds that the role of NS and NCOM 
is not significant for PCI in the case of KIBS. In terms of managerial implications, the study 
helps manager to understand the drivers of process and customer interaction related 
innovation. Networks with customers and investors have a positive effect on PCI. Also, 
innovative organizations create a culture for innovation and provide sufficient resources for 
innovative activities. Such organizations encourage creativity and are open and responsive 
to change.  
 
Keywords: Knowledge Intensive Business Services, Service innovation, Networks, Culture for 
Innovation, Resources for innovation 

 
Introduction 
Innovation plays an important role in the growth of firms and one of the key drivers of 
innovation is network relationships and collaboration with customers, suppliers, investors 
and even select competitors. Networks are also a source of knowledge, technologies and 
resources (Inkpen and Tsang, 2005). Knowledge for innovative activities can come from ties 
with other firms (Amara, Landry and, Doloreux, 2009). Highly innovative industries have a 
tendency to cooperate (Trigo and Vence, 2012). Cooperative and collaborative interactions 
promote knowledge sharing which gains even more importance as knowledge markets are 
rare (Huggins, 2010). Also, culture for innovation and resources for innovation play an 
important role in promoting innovative activities within the firm. Firms which have a strong 
culture for innovation develop an organizational climate that supports innovation (Scott and 
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Bruce, 1994). Such organizations may also provide adequate resources for innovation in 
terms of time, funding and human resources.     
 
  Knowledge intensive business services (KIBS) often innovate by making changes in 
operational processes and by finding new ways to interact with customers. KIBS are at the 
centre of learning in terms of knowledge exchange with clients, suppliers and other partners 
(Landry, Amara, and Doloreux, 2012). This study evaluates the effect of network 
relationships and culture and resources for innovation in a firm on process and customer 
interaction related innovation (PCI). KIBS have been defined as per the Statistical 
Classification of Economic Activities in the European Community (NACE). The study has 
adapted the classification of KIBS as described by Corrocher, Cusmano, and Morrison (2009). 
Network relationships of KIBS firms with universities, research institutions, government 
agencies and regulators were found weak in the Indian context (Sareen and Pandey, 2014). 
Thus the network relationships that have been considered include networks with customers 
(NC), suppliers (NS), competitors (NCOM) and investors (NI). The study also evaluates the 
effect of culture for innovation (CI) and resources available for innovation (RI) within a firm 
on PCI.  
 
Sareen and Pandey (2014) have discussed extensively on development of constructs 
regarding network relationship with different stakeholders and different aspects of 
innovation in KIBS. Measuring PCI (dependent variable) and NC, NS, NCOM, NI, CI and RI 
(explanatory variables) is important, particularly in the Indian context.        Sareen and 
Pandey (2015) have defined and evaluated the validity and reliability of the measurement 
instrument for the above constructs. The following figure explains the network relationship 
variables being studied:     
 
Figure 1: The Effect of Network Relationships on Process and Customer Interaction 
Innovation  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pires, Sarkar, and Carvalho (2008) argue that more research is required to study innovation 
in services. Innovation in knowledge intensive services need to be researched more (Jong 
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and Vermeulen, 2003). Role of networks in implementation of process innovation requires 
more attention (Pittaway, Robertson, Munir, Denyer, and Neely, 2004).  
 
Process and Customer Interaction Innovation 
A firm may introduce new elements in its service delivery operations. It may implement new 
service production methods to increase productivity and reduce costs (Sareen and Pandey, 
2014). A firm may improve its production processes (Amara et al., 2009) or introduce 
flexibility in its production processes (Ko and Lu, 2010). A firm may also innovate by 
adopting new technologies and information systems (Damanpour, Walker, and Avellaneda, 
2009, Laforet, 2012) and introduce business process re-engineering and make changes in its 
quality management systems and processes. 
 
In terms of customer interaction, an organization may also develop new ways to interact 
with the customers. In case of KIBS, new ways of interacting with customers are inter-linked 
with internal processes. Thus, for example, if a firm introduces new ways to interact with 
customers using mobile applications and web based interfaces, then it may need to make 
changes in internal processes in order to enable the same. Another way to improve 
customer interaction is to increase its responsiveness towards its customer (Wang and 
Wang, 2012). A firm may also make changes in its distribution model and develop 
capabilities to resolve customer complaints efficiently (Ko and Lu, 2010). Another way to 
improve customer interaction is by developing new services delivery channels and customer 
interfaces that are new to the market or new to the company (Yen, Wang, Wei, Hsu, and 
Chiu, 2012). Client interface innovations include developing an easier to use interface (Hipp 
and Grupp, 2005). A firm may develop new ways to deliver its goods and services to the 
customer (Amara et al., 2009).   
 
Network Relationships 
A firm may develop network relationships with its customers, suppliers, competitors and 
investors. Network relationships can be described in terms of relational capital and the 
extent of knowledge sharing (Sareen and Pandey, 2014). Knowledge intensive business 
services frequently exchange knowledge with clients, suppliers, universities and research 
institutions (Landry et al., 2012). Firms can gain access to information, knowledge and 
technology through external partners. Knowledge sharing includes pooling complementary 
skills and working on collaborative projects (Arias, 1995). An important element of network 
relationship of a firm is the level of cooperation with the external stakeholders (Trigo and 
Vence, 2012). Managers and employees of firms that have strong relationships may work 
together as if they are in the same workgroup (Amara et al., 2009). Customers, suppliers, 
investors and even competitors may be an important source of information and knowledge. 
In firms with strong network relationships, partners develop trust to safeguard and 
coordinate inter-firm collaboration (Ren, Wang, Yang, and Wei, 2013). Customers can 
participate as supplier of ideas, maker of demands, co-developer and tester (Dorner, 
Grassman, and Gebauer, 2011). Firms focusing on incremental innovation may rely on 
customers as partners (Hertog, 2000). Networks are also important for discontinuous 
innovation due to fast changes in technological and market environment (Birkinshaw, 
Bessant, and Delbridge, 2007). Knowledge transfer is facilitated by social interactions 
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between members of partner organizations (Inkpen and Tsang, 2005). Knowledge sharing 
can be described in terms of tacit knowledge and explicit knowledge (Hertog, 2000).  
 
Culture and Resources for Innovation    
Culture for innovation within a firm and resources available for innovation are also 
important factors that influence the innovative activities in a firm (Sareen and Pandey, 
2015). In firms with a strong culture for innovation, creativity and knowledge sharing is 
encouraged within the firm. Scott and Bruce (1994) have defined the parameters on culture 
of innovation and resources available for innovation. Organizational climate refers to the 
signals that an employee gets from the organization regarding his or her actions. An 
organization may encourage employees to experiment and find new ways of accomplishing 
tasks and solving problems. Such organizations are also open and responsive to change and 
provide adequate funding and resources to pursue creative and innovative ideas. Innovative 
organizations provide sufficient freedom to employees to pursue creative possibilities 
(Adams, Bessant, and Phelps, 2006).     
   
Network Relationships and Process and Customer interaction related innovation   
Service firms are more likely to access knowledge and technology through cooperation with 
customers (Tether, 2005). Firms that innovate incrementally are likely to rely more on 
customers as innovation partners (Hertog, 2000). Customers are central to innovation in 
KIBS (Santos-Vijande, Gonzalez-Meires and Lopez-Sanchez, 2013; Vence and Trigo, 2009). 
Customers may also participate in the entire cycle of the innovation process (Chesbrough, 
2011). This suggests that the Network Relationship with Customers (NC) has positive effect 
on Process and Customer Interaction (PCI) related innovation. Thus the following hypothesis 
is proposed. H1: NC has positive effect on PCI.  
 
Suppliers also play an important role in innovation in KIBS. Network relationships with 
suppliers may wary depending on whether they are tactical suppliers or strategic suppliers. 
Key strategic suppliers such as database vendors may collaborate with the firm in 
developing new services and improving efficiency and productivity through process 
innovation. Suppliers, such as payment gateways, may facilitate development of new 
customer interfaces. Henke Jr. and Zhang (2010) discuss the important role played by 
suppliers in driving innovation. Suppliers can help improves processes and competitiveness 
in cost and quality. Technological innovations are supplier dominated (Hertog, 2000). Firms 
tend to cooperate with suppliers for innovative activities.  This suggests that Network 
Relationship with Suppliers (NS) has positive effect on Process and Customer Interaction 
Innovation (PCI). Thus the following hypothesis is proposed. H2: NS has positive effect on 
PCI.  
 
Network relationship with investors may vary from weak to very strong. It is strong in the 
case of private equity, venture capital or angel investors where investors may also provide 
strategic advice and direction. These investors may encourage technological and process 
innovations in order to drive down costs and improve efficiency. This suggests that Network 
Relationship with Investors (NI) has positive effect on PCI. Thus the following hypothesis is 
proposed. H3: NI has positive effect on PCI.  
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Research Methodology and Data Collection 
A research instrument was developed in order to evaluate the effect of network 
relationships (NC, NS, NI, NCOM) and culture and resources for innovation (CI and RI) on PCI 
(Sareen and Pandey, 2015). The items constituting the dependent construct PCI are 
described in Appendix A while the items constituting the predictor constructs are described 
in Appendix B. The instrument was developed based on items identified in literature and 
then pre-tested by an expert panel of 14 reviewers. Based on the review comments the 
instrument was finalized and then tested for reliability and validity. The data was obtained 
through a cross-sectional web based survey questionnaire and common method variance 
was possible (Crampton and Wagner, 1994; Lindell & Whitney, 2001). In order to address 
the same, the survey was divided into various sections with no apparent linkage between 
the different sections and thus the hypothesis was not exposed to the participants. Firms 
were selected from knowledge intensive business services as defined by Corrocher et al. 
(2009). A web based survey was considered appropriate particularly in the context of 
knowledge intensive business services. Initial email was sent to 687 respondents describing 
the purpose of the study and requesting them to participate in the same. On receiving a 
positive response from 280 respondents, an email with the questionnaire link was sent. 
Reminders were sent to 131 respondents. Finally 172 responses were received representing 
a response rate of 25%. On review of completed questionnaire only 151 valid responses 
were found, representing a final response rate of 22%. The responses were received from 
firms belonging to different KIBS sub sectors in India including software consultancy, 
computer and database activities, market research, technical consultancy, business and 
management consultancy, accounting, auditing and tax consultancy, legal and human 
resource consultancy.   
 
Results and Data Analysis 
Table1 shows the mean scores and standard deviation of the responses receive for items 
(NCI1 to NCI4 and PI1 to PI4) constituting the construct PCI. The scores have been taken on 
a scale of 1 to 5 with 1 indicating ‘Strongly Disagree’ and 5 indicating ‘Strongly Agree’. Firms 
may introduce innovations in their operational processes and also develop new ways to 
interact with customers. NCI1 has a score of 3.89 while NCI2 has a score of 3.63 indicating 
that firms are more likely to innovate in terms of interfaces already implemented by other 
firms as compared to bringing completely new customer interfaces. The score of 4.02 for 
NCI4 suggests that knowledge based service firms pay importance to resolving customer 
complaints and problems. Score of 4.02 for PI2 and 3.99 for PI4 indicate that firms are 
willing to introduce process innovation to improve productivity and reduce costs.   
  
Table 2 shows the bivariate correlation between PCI and predictor variables. It may be 
noted that in terms of the strength of association between two variables  correlations 
between .1 and .3 are considered weak, .3 to .5 are considered moderate and .5 to 1 are 
considered strong. Correlation between CI and PCI is .376 and significant (p<.01) which 
suggests that firms with a strong culture of innovation are likely to develop process and 
customer interaction related innovations. In case of RI we observe that correlation between 
RI and PCI is .481 and significant (p<.01). This indicates that there is association between RI 
and PCI. Process and customer interaction related innovations require changes in 
operational processes within a firm and this may require adequate resource allocations. 
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Correlation between NC and PCI is .447 and significant (p<.01). This is as expected, as 
process and customer interaction related innovations would require inputs from customers.   
   
Table 1: Mean Scores and SD of Process and Customer Interaction Innovation 

 

Item Description Mean 
Std. 

Deviation 

NCI1 Our firm has created customer interfaces that were not 
previously offered by us  

3.8940 .85753 

NCI2 Our firm has created customer interfaces that are new to 
the market  

3.6358 .96252 

NCI3 Our firm has introduced processes to enhance customer 
access to our services (for example, expand service hours 
and locations)  

3.8212 .98038 

NCI4 Our firm is able to resolve customer complaints and 
problems efficiently  

4.0265 .84021 

PI1 Our firm has introduced new or significantly improved 
production process 

3.8278 .86226 

PI2 Our firm has introduced process innovation to increase 
productivity (for example, introduce  IT enabled processes) 

4.0265 .86369 

PI3 Our firm has introduced process innovation to implement 
new  information systems  

4.0000 .83267 

PI4 Our firm has introduced process innovation to reduce costs  3.9934 .85242 

PCI   3.9031 .67286 

 
  Table 2: Pearson Bivariate Correlations 
 

  PCI 

CI .376** 

RI .481** 

NC .447** 

NS .346** 

NCOM .171* 

NI .356** 

** Correlation is significant at the 0.01 level  
* Correlation is significant at the 0.05 level 
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Regression analysis was done with PCI as the dependent variable and CI, RI, NC, NS, NCOM 
and NI as predictors. Table 3 presents the model summary.  
 

Table 3: Model Summary of Variables Predicting PCI 

Model R 
R 

Square 
Adjusted 
R Square 

Std. 
Error of 

the 
Estimate 

Durbin-
Watson 

1 .593a .351 .324 .55307 2.323 

a. Predictors: (Constant), NI, CI, NCOM, NC, NS, RI 

b. Dependent Variable: PCI 

 
Table 4 presents the ANOVA summary and Table 5 presents the details of regression 
coefficients of variables predicting PCI. 
 
Table 4: ANOVA Summary for PCI 

Model 
Sum of 
Squares df 

Mean 
Square F Sig. 

1 Regression 23.864 6 3.977 13.003 .000b 

Residual 44.047 144 .306     

Total 67.912 150       

a. Dependent Variable: PCI 

b. Predictors: (Constant), NI, CI, NCOM, NC, NS, RI 

 
Table 5: Regression Coefficient of Variables Predicting PCI 
 

Model 1 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B 
Std. 

Error Beta Tolerance VIF 

(Constant) .881 .396   2.225 .028     

CI .212 .080 .201 2.664 .009 .792 1.263 

RI .181 .074 .215 2.443 .016 .579 1.727 

NC .209 .090 .195 2.329 .021 .644 1.553 

NS .038 .084 .039 .454 .651 .604 1.655 

NCOM -.013 .059 -.016 -.217 .828 .820 1.219 

NI .152 .055 .208 2.784 .006 .806 1.241 
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In Table 3, the model predicting PCI is significant (p<.01) with R Square of 0.351. Durbin-
Watson value of close to 2 shows the independence of error terms. Value of VIF of less than 
5 and tolerance more than 0.2 indicate that there is no multicollinearity. In the normal 
probability plot of standardized residuals, it is observed that values fall within the diagonal 
with no substantial departure, thus indicating that the residuals represent a normal 
distribution. As presented in Table 5, Beta coefficient of: CI is significant (β=.201, t=2.664, 
p<.01); RI is significant (β=.215, t=2.443, p<.05); NC is significant (β=.195, t=2.329, p<.05) 
and NI is significant (β=.208, t=2.784, p<.01). Thus CI, RI, NC and NI are significant predictors 
of PCI. It is also observed that NS and NCOM are not significant predictors of PCI.  
 
Thus as expected, a strong culture for innovation has a positive impact on process and 
customer interaction related innovation. Changes in operational processes are internal to an 
organization and thus a strong culture for innovation facilitates the same. Similarly 
resources available within the organization provide support for changes in processes and 
customer interfaces. Strong network relationship with customers also support development 
of new customer interfaces that are aligned with customer needs and requirements. 
Investors may provide critical inputs and funding for making changes in processes. On the 
other hand, network relationship with competitors and suppliers are not significant for 
process and customer interaction innovation as most process changes are internal to an 
organization.    
  
The findings confirm Hypothesis 1 since network relationship with customers has positive 
effect on process and customer interaction related innovation. The findings do not support 
Hypothesis 2 since network relationship with suppliers has no significant effect on PCI. Also, 
the findings do support Hypothesis 3 since network relationship with investors has a positive 
effect on PCI. 
 
Discussion and Conclusion  
Firms may introduce innovations in their operational processes and also develop new ways 
to interact with customers. In the findings in Table 1, it is observed in that the mean score 
for various items (PI1 to PI4 and NCI1 to NCI4) constituting the construct Process and 
Customer Interaction Innovation (PCI) is 3.90. The findings show that firms are more likely to 
innovate in terms of interfaces already implemented by other firms as compared to bringing 
completely new customer interfaces. Also, knowledge based service firms pay importance 
to resolving customer complaints and problems. Firms are willing to introduce process 
innovation to improve productivity and reduce costs.    
 
In terms of the effect of predictors on PCI it is found that CI, RI, NC and NI have a significant 
(p<.05) and positive effect on PCI. Thus the findings show that culture for innovation within 
the firm and resources available for innovation within the firm play an important role for 
introduction of PCI. Also, network relationships with customers and investors play an 
important role in facilitating PCI. In knowledge based firms, networks with customers and 
investors are important sources of information and strategic inputs. 
  The study shows that the role of network relationship with suppliers (NS) on PCI is not 
significant although there is support for the role of suppliers in existing literature. Suppliers 
may drive innovation (Henke Jr. and Zhang, 2010). Suppliers can help improve processes and 
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competitiveness in cost and quality. Technological innovations are supplier dominated 
(Hertog, 2000). The role of technology suppliers particularly enterprise wide resource 
planning software providers could be explored further as firms need to do process changes 
as they implement these systems.     
 
In terms of managerial implications, the study helps manager to understand the drivers of 
process and customer interaction related innovation. Networks with customers and 
investors have a positive effect on PCI. Thus in order to improve processes and build better 
customer interfaces, managers may seek information and work with customers and 
investors. Customer relationship is an important source of information, particularly in case 
of knowledge based services which have a strong interaction with customers. Compared to 
customer relationships, supplier relationships may not play an important role in PCI 
particularly in the case of KIBS. Investors that have high stakes in the firm may provide 
strategic inputs and advice and encourage technological and process innovations to drive 
down costs and improve productivity. Also, innovative organizations create a culture for 
innovation and provide sufficient resources for innovative activities. Such organizations 
encourage creativity and are open and responsive to change.  
 
Like other empirical studies in social science, this research has certain limitations that 
should be considered while interpreting the results. The data collected is limited to 
companies operating from India and in the area of knowledge intensive business services. 
The study is cross-sectional in design and thus takes a ‘snapshot’ of firm’s networks, culture 
and resources for innovation and process and customer interaction related innovation. It 
doesn’t take into consideration the changing environment within and outside the firm. In 
the study, the measurement of variables was based on subjective perceptions of individual 
respondents. However, this is a common practice in research given the reluctance of 
companies to share quantitative information (Santos-Vijande et al., 2013).  
 
Future researchers can also explore a broader set of external networks of a firm. This will 
give even more insights into the importance of network relationships. Networks 
relationships with government and regulatory agencies and with universities and research 
institutions were found weak in the Indian context in this study. These relationships can be 
explored further in the context of other countries.  
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Appendix A: Details of Items belonging to construct PCI  
Process and Customer Interaction related Innovation   

Code Item 

PI1 Our firm has introduced new or significantly improved production process 

PI2 Our firm has introduced process innovation to increase productivity (for 
example, introduce  IT enabled processes) 

PI3 Our firm has introduced process innovation to implement new  information 
systems  

PI4 Our firm has introduced process innovation to reduce costs  

NCI1 Our firm has created customer interfaces that were not previously offered by us  

NCI2 Our firm has created customer interfaces that are new to the market  

NCI3 Our firm has introduced processes to enhance customer access to our services 
(for example, expand service hours and locations)  

NCI4 Our firm is able to resolve customer complaints and problems efficiently  

 
Appendix B: Details of Items belonging to Predictor Constructs 
a. Culture for Innovation  

Code Item 

CI1 Creativity is encouraged here  

CI2 Around here, people are allowed to solve the same problems in different ways  

CI3 Knowledge sharing is encouraged here 

CI4 Our organization is open and responsive to change 

CI5 The reward system here encourages innovation 

 
b. Resources for Innovation  

Code Item 

RI1 In our organization overall resources devoted to innovation are adequate 

RI2 There is adequate time available to pursue creative ideas here  
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RI3 There is adequate funding available to pursue creative ideas in our firm 

RI4 There are adequate human resources available to pursue creative ideas here 

 
c. Network Relationship with Customers  

Code Item 

NC1 We maintain regular communication with our customers  

NC2 We fully understand the needs expressed by our customers  

NC3 Customers provide detailed specifications for new services 

NC4 Customers regularly provide feedback and suggestions for improvement   

NC5 We frequently exchange knowledge with our clients  

 
d. Network Relationship with Suppliers  

Code Item 

NS1 We work with our suppliers just as if we are in the same team 

NS2 We frequently exchange knowledge with our suppliers  

NS3 Our firm regularly takes initiatives to help development of suppliers  

NS4 We often work with our suppliers to make joint bids/proposals to customers  

NS5 Our firm often engages in collaborative planning with  suppliers  

NS6 We maintain regular communication with our suppliers 

 
e. Network Relationship with Select Competitors 

Code Item 

NCOM1 Select competitors are a regular source of new ideas  

NCOM2 Our firm maintains regular communication with select competitors 

NCOM3 We frequently exchange knowledge with select competitors  

NCOM4 We share resources with select competitors in order to complement mutual 
strengths 

NCOM5 We work with select competitors to make joint proposals/bids to customers  

NCOM6 We engage in collaborative planning with select competitors  

 
f. Network Relationship with Investors 

Code Item 

NI1 Our firm maintains regular communication with investors 

NI2 Investors regularly provide critical information about competitive scenario  

NI3 We frequently exchange knowledge with our investors 

NI4 Investors play an important role by providing strategic direction to our firm  

NI5 We update our investors regularly about significant developments in our 
business  
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Abstract 

This paper examines whether managing by mind is better or leading by heart.  Indeed, the 
leaders need to apply their mind to resolve complex problems and at the same time invoke 
their soul to tackle intricate interpersonal issues at the workplace. A valuable blend of these 
two great qualities can help leaders to develop high performing workplaces. By and far, a 
leader is marked by mind and appreciated by heart. The paper attempts to look at this 
prospective of leadership dimensions for the organizational success. This amalgamation 
flourishes into ‘Phronesis’ –the practical wisdom to act with regard to the things that are 
good or bad for man.  
 
Keywords: Leadership, Phronesis, Creativity, Empathy, Leadership Development 

 
“Leaders are not born; they are grown.” – Peter Drucker 
 
Introduction 
Contemporary organizations operate in environments characterized by rapid change and 
increasing complexity. In addition, a myriad of economic, environmental, and ethical crises 
are directly challenging the role of corporations in society, and highlighting the 
interdependence among businesses, government and social sectors. Because of these 
ongoing organizational transformations, effective leadership is needed more than ever. 
Leadership is one of the most important predictors of whether groups and organizations are 
able to effectively adapt to and perform in dynamic environments (Mintzberg & Waters, 
1982). Leadership is a social and mutual influence process where multiple actors engage in 
leading-following interactions in service of accomplishing a collective goal (Bass & Bass, 
2008; Yukl, 2010). 
 
Sharma (2015) idealized leadership with specific features of empathy, self-efficacy in his 
best seller Leadership Wisdom. He emphasized that a perfect leader manages by mind and 
leads by heart. Many think that leadership is an aggressive concept. This study exposes this 
myth and presents leadership more as a humane concept. Sharma (2015) rightly observes 
that visionary leaders are consistently passionate. They constantly show kindness to their 
team and think about ways to show that their concern is sincere. It is all about showing 
humanity at work. It is about showing people courtesy, consideration and respect, every 
single day of the work week.  Sharma (2015) genuinely asserts that ‘leadership is really a 
philosophy of life. And it all begins within, by having self-discipline to lead and know 
yourself.  It is an attitude. It is a state of mind. And it is available to each one of us.’  
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In the contemporary corporate context, leadership is viewed as a shared activity or process 
that anyone can participate in, regardless of their formal position or title. Leadership 
development focuses on developing the capacity of collectives to engage in the leadership 
process. The leadership function represents a dynamic shift in the operation of the team as 
the members come into more active involvement in shaping their future together. This 
leadership function involves establishing performance expectations and setting team goals. 
In teams with formal team leaders, the leader works with the team and individual team 
members to develop goals and expectations for task performance as well as goals related to 
learning and team development (F. Morgeson, D.S.DeRue &  P. Karam, 2010). 
 
This paper presents the principle of leadership development through Mind and Heart 
leading to Phronesis. The following discussion emphasizes on the two core requisites of 
great leadership –empathy and creativity. 
 
Phronesis –The Practical Wisdom of a Leader 
Practical wisdom or phronesis is the reward of striving for virtue. It is the ability to know 
what is good to do here and now. It enables a person to have rational control of their 
feelings: “have those feelings at the right times on the right grounds towards the right 
people for the right motive and in the right way” (Aristotle, Trans. 1941, NE Bk 2 chap 6; 
1106b16) 
 
Phronesis or practical wisdom, identified by Aristotle in his Nicomachean Ethics VI.6 is 
experiential knowledge that enables people to make ethically sound judgments. Aristotle 
also identified Episteme or universally valid scientific knowledge and Techne or skill-based 
technical know-how. If Episteme is know-why and Techne is know-how, Phronesis is know-
what-should-be-done.  
 
For instance, episteme cannot answer the question “What is a good car?” That will depend 
on who is using the car and why, and it will change over time. Techne is may I know how to 
make a car well; Phronesis tells about both what a good car is and how to build it. Phronesis 
enables leaders to determine what is good is in specific times and situations and to 
undertake the best actions at those times to serve the common good. To make the right 
decisions, the leader needs to understand why a company exists – its raison d’être. This 
draws to the present theme of leadership. 
 
Practical wisdom is tacit knowledge acquired from experience that enables people to make 
prudent judgments guided by mind and heart. It is not easy to lead with practical wisdom. A 
phronetic leader must make judgments and take actions amid constant flux. Phronetic 
leaders constantly create opportunities for senior executives and employees to learn from 
one another. Phronetic leaders must be able to communicate in a way that everyone can 
understand.  
 
Phronesis through heart:  Empathetic Leadership 
People who are driven toward high achievement or tough goals can be fantastic individual 
contributors in an organization. But if that is their only strength, they will be miserable team 
members and atrocious leaders. Researchers at Hay Group looked at the impact on their 



 

 

International Journal of Management Research, Vol. 7, No. 1 & 2, December 2016 

 

59 

 

 

 

direct reports of leaders who exemplified grit out of control. They never bothered to get to 
know personally the people they led, never helped those employees find ways to develop 
further strengths, never worked for a consensus, never celebrated successes. Instead they 
were aloof, dismissed people as hopeless rather than seeing their potential, made unilateral 
decisions, they enforced as little dictators, and were never pleased –no matter how well 
people did. 
 
The antidote is thus then to cultivate relationship skills, starting with empathy. Lacking 
empathy, a high-grit go-getter cares not at all about how his or her driving ambition impacts 
those around them. Their personal lives crumble; they are poison to work teams; and hyper-
critical as leaders. (Goleman, 2016) 
 
Leadership is not just a title but bringing out best outcomes. Burns (1978) defined 
leadership as inducing followers to act for certain goals that represent the values and 
motivations, the wants and needs, the aspirations and expectations of both leaders and 
followers. Empathy is the ability to experience and relate to the thoughts, emotions, or 
experience of others. Empathy is a construct that is fundamental to leadership. 
Transformational leaders need empathy in order to show their followers that they care for 
their needs and achievements. Authentic leaders also need to have empathy in order to be 
aware of others (Walumbwa, Avolio, Gardner, Wernsing, & Peterson, 2008). Empathy is also 
a key part of emotional intelligence that several researchers believe is critical to being an 
effective leader (Bar-On & Parker, 2000; George, 2000; Goleman, 1995; Salovey& Mayer, 
1990).  
 
Fortunately, empathy is not a fixed trait. It can be learned (Shapiro, 2002). A recent study 
reveals that empathy is positively related to job performance. It is found that the positive 
relationship between empathic emotion and performance is greater for managers living in 
high power-distance countries. Cultures with high-power distance believe that power should 
be concentrated at higher levels. China, Egypt, Hong Kong, Malaysia, New Zealand, Poland, 
Singapore, and Taiwan are all considered high power-distance countries. In high power-
distance cultures, the leader will assume the role of a parent and feel obligated to provide 
support and protection to their subordinates under their care (Yan & Hunt, 2005). 
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Figure 1: Comparing Empathy across Cultures 
(source:William A. Gentry, Todd J. Weber, and Golnaz Sadri, 2007.) 
 
As the example above shows, empathy is more strongly tied to performance in New Zealand 
(a high power-distance culture) than it is in Colombia (a low power-distance culture).  
 
Empathy at workplace 
 Empathetic workplace can be initiated by simple ways. Task-oriented skills like monitoring, 
planning, controlling and commanding performance are important, however understanding, 
caring, and developing others are much more important. When a manager is a good 
listener, people feel respected and trust can grow. It is important to pay attention to 
nonverbal cues apart from implementing the active listening. Active listening is a person’s 
willingness and ability to hear and understand someone else. Active listeners are able to 
reflect the feelings expressed and summarize what they are hearing. They reflect by 
paraphrasing information. They may say something like: 
 
 
 
 
 
 
 
 
 
 
Managers consistently should think themselves from the other person’s perspective. As 
Atticus Finch in Harper Lee’s To Kill a Mockingbird famously said:  
 
“You can never understand someone unless you understand their point-of-view, climb in that 
person’s skin or stand and walk in that person’s shoes.” 
 

“What I hear you saying is…” 

They clarify if they don’t understand what was said, like  

“What are your thoughts on…” or “I don’t quite understand what you are saying, 

could you repeat that…” 
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For managers, this includes taking into account the personal experience or perspective of 
their employees. It can also be applied to solving problems, managing conflicting, or driving 
innovation. An empathic leader goes beyond the standard-issue values statement and 
allows time for compassionate reflection and response. Sharma (2003) writes on his blog, 
“one of the primary principles of real leadership is being uber-nice. Wildly empathetic. 
Staggeringly compassionate. The nicest. Why? Because leadership is all about people. 
Human connections. Social equity. Emotional bonds between you and your stakeholders.”  
 
However, it is not enough to simply label a manager as “bad” or “good.” Organizations need 
to understand what managers are doing in the workplace to create or destroy engagement. 
In another study of 7,712 U.S. adults, Gallup asked respondents to rate their manager on 
specific behaviors. These behaviors – related to communication, performance management, 
and individual strengths were strongly linked to employee engagement and gave 
organizations better insights into developing their managers and raising the overall level of 
performance of the business. 
 
Further, empathy is imperative because, Gallup’s study indicates that the majority of 
employees are indifferent, sleepwalking through their workday without regard to their 
performance or their organization’s performance. As a result, vital economic influencers 
such as growth and innovation are at risk.  In the referred study, a vast majority (67%) of 
employees who strongly agree that their manager focuses on their strengths or positive 
characteristics are engaged compared with just 31% of the employees who indicate strongly 
that their manager focuses on their weaknesses. (Harter. J &  Adkins . A, 2015) 
 
When managers help employees grow and develop through their strengths, they are more 
than twice as likely to engage their team members. The most powerful thing a manager can 
do for employees is to place them in jobs that allow them to use the best of their natural 
talents, adding skills and knowledge to develop and apply their strengths. Sharma (2015) 
rightly puts it “visionary leaders blend humanity with courage” (p .106). He states that the 
sad thing is that a dictatorial style of leadership inevitably leads to only two outcomes: 
people become afraid or they begin to rebel. (p. 107) 
 
For a manager, it is essential to hone their empathy skills through listening, perspective-
taking, and compassion; this will improve their leadership effectiveness and augment the 
chances of success on the job. It is presumed that empathetic leaders are assets to 
organizations, in part, because they are able to effectively build and maintain relationships – 
a critical part of leading organizations anywhere in the world. 
 
Phronesis through Mind: Creativity –The DNA of Leadership 
Creativity is an organization’s primary source of competitive advantage in the 21st century. A 
leader with creative ability is erudite at promoting positive change and inspiring their 
followers who lack creative ability. If a leader cannot stretch their mind and explore a new 
path way then he/she cannot expect the followers to be innovative. Creativity and problem 
solving strategies can make more effective and powerful leaders. The leaders who have 
creative thinking skills have such attributes as dynamism, playfulness, risk taking. 
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Sharma (2015) observes that visionary leaders have a clear sense of destination and the real 
secret of their personal effectiveness is concentration of purpose (p.175).  Creativity is all 
fuelled by strength and vibrancy in the inner core. Character, values, thinking patterns, and 
emotional make-up are some of the elements which constitute the inner core and they are 
the eventual determinants of leadership capability (John Mattone, 2015). Creativity 
generates a legitimate emotional response, which is the catalyst for the expanding of ideas 
leading to a growing platform. Sharma (2015) strongly believes that strategic thinking will 
improve knowledge base which in turn leads to better decisions. (p.177) 
 
Creative Leader would generate a lot of ideas, would respect the ideas of others, and would 
demonstrate openness, curiosity, and affirmative judgment. Ideas are of no use until 
implemented properly. According to a study by Andersen Consulting, the stock price of 
companies perceived to have creative leadership grew 900% over a 10-year period, 
compared with just 74% growth in companies perceived to lack creative leadership. 
Therefore, the key to creative renewal in organizations is their capacity to create a structure 
that develops new creative leaders to manage the organization (Nadler, D. A., & Tushman, 
M. L. 1997).  The alternative form of leadership is that it is not the ability of one person to 
take charge, but the ability to inspire, empower, and exert broad influence in the 
organization.  
 
How Leaders Encourage Creativity and Innovation @ Workplace 
True leaders can successfully encourage organizational creativity and innovation by 
fostering an environment that is conducive for creativity to flourish. Leaders can do this by 
building sociable working conditions for the members of the organization. When the social 
structure of the organization helps workers feel secure and accepted, it brings out their 
creativity (Pfeffer, J. 1998). Consequently, organizational leaders must respect, value, and 
harness the richness of ideas, backgrounds, and perspectives of every employee and allow 
them to use their unique personal assets and experiences to work for the organization 
(Meurling, E. 2004).  
 
The stimulating leader creates challenges that make work in the organization imaginative. 
This type of leadership loosens others up and focuses their intelligence and creativity on 
addressing organizational issues and goals in new ways. Frank Sonnenberg and Beverly 
Goldberg believe that the most difficult roadblock of creativity to overcome is organizational 
culture that militates against creativity and innovation. (Sonnenberg, F., & Goldberg, B. 
1992). This kind of culture fosters the belief that the way the organization functioned in the 
past is the way it must always function. The motivations for such behavior are usually fear of 
failure, organizational politics, and uneasiness with anything new or different.  
 
Creative leaders are able to embrace change and to encourage followers to question why 
the organization does things in a certain way, and then seek out alternative ways of doing 
things. These leaders treat mistakes as part of the learning process and do not punish 
followers who try new ideas and fail. Therefore, they help create organizational cultures 
where people can take risks and even make mistakes. Diversity lies at the heart of an 
organization’s ability to innovate. Therefore, leaders must actively encourage creativity and 
innovation through creating a more conducive environment for diversity to thrive. 
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According to Edwards (1996), the presence of dissimilar mindsets in the workforce enhances 
creativity, flexibility, problem solving, and innovation. When people with diverse 
backgrounds and talents join an organization, they tend to inject new ideas and challenge 
the organizational mindsets. However, diversity does not happen overnight. Rather, the 
leaders of organizations first need to be convinced of the benefits of diversity and in turn 
convince other members of the organization of its benefit. When this occurs, they will put in 
place polices and strategies that bring about diversity in the organization. 
 
Conclusion 
The art of leadership is thus not just possessing great mind but great heart as well. This 
paper emphasizes that the essence of leadership is Phronesis –the practical wisdom. It is 
clear that with the amalgamation of creativity and empathy, the leader can transform or 
renew the organization. The creativity of an organization depends on how the leader 
designs the organization and creates an ambience that allows creativity to develop. It can 
also depend on how they encourage and manage diversity in the organization. Finally, it 
depends on how the leader inspires everyone to bring out his or her best creative self and 
use that to help lead and transform the organization. 
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