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Concept of Efficiency
Efficiency is a relative term. Efficiency was initially perceived to be associated with the performance of the job/task at the work place in minimum time. It was alternatively perceived as the maximum amount of work in the given time, or completion of given task in the minimum time. It was relative since a comparison of two entities/workers was involved. The concept of ‘Efficiency’ has also been associated with production in economic analysis. 

Concept of Economic Efficiency
Economic Efficiency has been related to the transformation of resource inputs into output. According to Johansson, P.O., in a narrow technical sense, ‘economic efficiency is often taken to mean that resources or inputs should be used so as to produce an output in the cheapest possible way.  It is the cost of a combination of inputs which is of interest, not the use of a single input’ (1991, 1996, p. 217). Even the output of one single entity, that is, good/service/work generally requires inputs of more than one resource, though all resource inputs lead to one single outcome as output. Output may be measured in monetary or physical terms. But the output of multiple products with the use of multiple inputs can easily be converted into one single output, which will be the sum of money values of all outputs with one single input, and the single input will be the sum of money values of all resource inputs This is the case in this study. 
 The concept of ‘Economic Efficiency’, propounded first by Vilfredo Pareto in 1848/1923, is much wider than the above narrow concept of efficiency. The concept of Pareto Efficiency is used to define the organisation of an economy in manner ‘to not only produce maximum output with the given resource inputs but also to distribute output among the people to maximise satisfaction’ or welfare of all (See, Jonathan Thomas, 1996, p. 587). The production of output and its distribution among all the claimants include not only goods, but services as well. ‘An allocation of resources, which specified not only what is produced with the basic resources available to the economy, but also how that production is distributed among consumers, is Pareto efficient’, if ‘there is no other feasible allocation in which no individual is worse-off and at least one individual is strictly better-off than in the initial allocation’ (Thomas, 1996). This concept of ‘Economic Efficiency’ has a direct relevance for the study of efficiency of the stock market, the subject matter of this study. 
Efficiency refers either to the minimization of inputs for the attainment of the maximum possible output, or maximisation of output for the given amount of resource inputs. The quality of inputs and outputs on the one hand and technology on the other are assumed to be constant. The “possible output” denotes ‘technically feasible and economically viable output’ within the given resource/input constraints. Resource inputs of any given output depend on technology in use. 
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Background of the Study

Numerous studies of stock market behaviour have used Efficient Market Hypothesis (EMH) and employed RWM, ARCH or GARCH models. These studies have methodological, empirical and conceptual limitations: 

(1) The empirical findings of most of these studies are either inconclusive, or even contradictory in nature with the result that no conclusive inference is available to support or refute the EMH (See, Prakash, S. and Subramanian, R., 2006); 

 (2) These studies, to the best of our knowledge, have not measured the degree of efficiency or inefficiency of the market, irrespective of the empirical findings based on EMH; 

 (3) If the analysis of data, based on RWM, shows the time series of prices to be non-stationary, this only shows that any regression model, fitted to such data, will be pseudo rather than genuine. Besides, random rather than systematic factors dominate the price movements in the market in such cases. Then, the question is ‘so what’? Random influences may also result in systematized outcomes, while systematic factors may at times fail to result in systematic outcomes; 
 (4) The good fit of the RWM only shows the instability of the market equilibrium. Once the equilibrium of the market is disturbed, it may conform to any one of the three forms of Cobweb Model: (i) Convergent in case of which the system returns back to its initial equilibrium position and the equilibrium is defined as stable. In such cases, the autonomous market forces ensure stability of equilibrium at a given level of market efficiency; (ii) Continued Oscillations around the initial equilibrium position to which the system does not return. In such cases, equilibrium is defined as instable. But the autonomous forces of supply and demand ensure that the market does not diverge from its given efficiency level beyond the well defined range; and (iii) Divergent in case of which the prices move farther away and away from equilibrium level and prices may never return to the initial level. This is defined as explosively non-stable equilibrium. In such cases, the autonomous forces of demand and supply keep the efficiency of the market oscillate with increasing amplitude of oscillations, though the long run trend may be that of either increasing or decreasing efficiency. Thus, in all three cases, inferences to be drawn are different in so far as the stability of the equilibrium and the efficiency of the market is concerned. So, oscillations of the prices in the stock market may belong to any one the above categories. Without examining this facet, how one may draw the conclusion whether the market is efficient or inefficient? 

(5) The use of ARCH, GARCH and E- GARCH models lead to the correction of the violation of the OLS assumption of the constancy of the variance of errors. This may again, at the best, depict the degree of volatility of the market. But the volatile market may not be totally inefficient. There is the method even in the madness. This is the old saying. The gains to most of the operators during the boom phases of the market are a testimony to this; 

 (6) Conceptually, like commodity markets, stock market is also an institution, which facilitates the exchange, or sale and purchase of shares of companies among the buyers and sellers through bargaining or auctioning (Cf. Tomlinson, T.M. 1996, p. 498). Besides, the following aspects of the role of the stock market may also be worth consideration. The stock market plays the pivotal role in (i) allocating total investment in the shares of different companies, (ii) distribution of returns among investors; and (iii) the stock market also facilitates the distribution of economic power and control, which ultimately may reflect in the social and/or political power in the hands of operators, and (iv) total savings of investors, and hence, investment is distributed between stock market and other instruments of investment. 

(7) Like other markets, stock market may also be incomplete or imperfect. But market may still be efficient, even if the efficiency may be less than optimum, in spite of it being incomplete or imperfect;

(8) Recent developments suggest that the monopolistic or oligopolistic influences on the price and volumes may move the market towards competitive efficiency, even though the competition may not be perfect. If more than one big player, having control over substantial part of supply or demand, competes with other players with similar control, this may still result in competitive efficiency. The presence of such Institutional Investors as LIC, Mutual Fund Companies, Foreign Institutional Investors, Reputed and Big Private and Public Enterprises, and above all, Market Makers exercises stabilising influence on the stock market behaviour. They modulate and moderate the wild swings that may occur otherwise.
AS against this the presence of all such players in the market create great deal of exogenous uncertainty and imperfect sharing of information; all these factors exercise de-stabilising influence and make the market behaviour diverge from that of a competitively efficient market. The interventions of big players in the form of huge volumes of sales or purchase of equities may make the market tumble or zoom unexpectedly. This differs from the postulation of Prakash and Subramanian (2006), who postulate that the prices in the stock market move most of the time in a narrow band, though external shocks create big bang change in equity prices occasionally. However, the big market players in the stock market generate big bang changes in the market frequently rather than occasionally, as against the postulation of Prakash and Subramanian (2006).   
(9) The Optimally Efficient Market should be a complete market: ‘Only complete markets, in which every agent is able to exchange every good directly or indirectly with every other agent, can secure optimal production and distribution’ (Tomlinson, 1996). Incidentally, ‘optimum production and equitable distribution’ are also the twin pillars of economic efficiency. Such complete markets are also competitive, which have many buyers and sellers, no significant barriers to entry or exit, perfect information, legally enforceable contracts, and an absence of coercion’ (Tomlinson, p.498, Also see, Prakash-Subramanian, 2006). 
(10) Like other markets, stock market may also be incomplete or imperfect. Imperfection or incompleteness may arise from diverse sources. But market imperfection results in exploitation and inefficiency. The companies, the owners and floaters of equities, are the producers of the commodities/services, they also provide employment and patronise their suppliers of numerous intermediate inputs, the corporate also have direct relations with under-writers, promoters of their equities and brokerage companies all of which work under conditions of oligopoly and even monopoly (Cf. Bhardwaj, K. 1974, Braverman and Stiglitz, 1982). The above cited authors have emphasized the imperfections in the commodity, employment and land markets with reference to the structure of agricultural market. This holds true for stock market also. Such facets of stock markets stand in contradistinction to the Assumption of Market being Efficient. 
Owners of huge amounts of investable funds, which are scarce in developing economies like the Indian one, may obtain unreasonably high returns on their investment for the ownership rather than the efficient allocation of the funds among the equities of different companies. Many corporate houses, floating their equities for trading in the stock market, own and operate their own Mutual Fund companies and the largest proportion of the funds mobilised by such MF companies are generally invested in some company owned by the same corporate as own the MF company (Panigrahi, Ritisnigdha, 2012). Such aberrations not only compromise the efficiency of operations of MF companies but these also impinge upon the efficiency of stock market.
In the above context, it is also instructive to note that many FIIs withdrew their funds around 8-12 February, 2009, which made the Indian Stock Exchanges suddenly plunge down into a heap. Then, these amounts withdrawn from Indian equities were invested in Shanghai, which consequently boomed extremely high within a day. However, around 14-16 February, 2009, the same FIIs withdrew their funds from the Chinese market to make it downslide badly and reinvested in these funds Indian market to make it move up again to regain some of its lost zing (Prakash, 2010).  

Criterion of Efficiency of Stock Exchange

The efficiency of a stock market can also be judged on the above criterion of economic efficiency, the aberrations and wild swings notwithstanding. This study adapts and modifies Pareto’s broader concept of ‘economic efficiency’ for measuring the efficiency of Indian Stock Exchange. The context of the study is that the ‘Hypothesis of Efficient Market’ has been extensively used in the discussion of the volatile behaviour of the stock market, specially the behaviour of equity prices, which frequently change even within a day. 

Efficiency of the market is measured in terms of outcomes of operations that take place in a stock market. Return on investment in equities is one of the most decisive elements of output of the stock market.  Returns on investment in equities may, therefore, be treated as the most decisive indicator of the efficiency of the stock exchange under study. Total investment in equities in the market portfolio may be considered as an input on which returns accrue. It may, however, be argued that total investment in all equities is the outcome, and hence, output of stock market operations in so far as stock market is only one of the options for the parking of funds by investors. On the similar logical argumentation, one, some or all of the following may also be treated as the inputs in the stocks of a market:
(1) Number of shares sold and purchased, which are instruments of resource mobilisation and returns on investment; 
(2) Number of companies, whose shares are traded, which represents the number of sellers in the market, 
(3) Number of traders taking part in transactions, who are the mediators between the buyers and sellers; and 
(4) Total number of transactions that occur in a day, which represent the outturn/turnover of the day which qualify for earning the returns. 
In this paper, we have used only the number of shares as the single input. However, the number of shares sold and purchased belongs to different companies and the prices at which the shares of different companies are sold and purchased are also different. Even the prices of the shares of the same company differ through time. Besides, each transaction involves differential number of shares and prices. Thus, the apparently single input has multiplicity of dimensions. This amounts to the single input being an index of multiple inputs.  

Data Source

All data relate to Bombay Stock Exchange (BSE), which has a listing of 30 companies. Share prices of these companies enter into the BSE index, though the number of companies whose shares are traded in BSE is many times more than 30. But these 30 companies represent the biggest proportion of total turnover of the market. BSE is the oldest and the most important stock exchange of India.  Data have been taken from the Web-site of BSE. 
Methods and Models

This empirical study attempts to fill the research gap left by the studies of the behaviour of the stock market in the EMH framework. The proposed study is exploratory in nature in so far as it seeks to measure the market efficiency by DEA/LPM. Incidentally, DEA converges, in practical application, to Linear Programming. 
Since, the data-base constitutes time series, stationarity is examined as a preliminary step. Fuller- Dickey test of unit root and Engel-Granger unit root test of residuals for evaluating the genuiness of regression model are used. (D Gujarati- Sangeetha, 2007). 
DEA and Linear Programming Models
The DEA Model is outlined hereunder:

Maximise
Z=∑ai.U1i+∑bi.U2i
Subject to

Ci .Vi =1 (1) 
a1.U11 +b1.U21 –c1 .V1 <=o (2)
a2.U12 +b2.U22 –c2 .V2 <=o (3)
a3.U13 +b3.U23 –c3 .V3 <=o (4)
a4.U14 +b4.U24 –c4 .V4 <=o (5)
...................................................
a30 .U1,30 +b30 .U2,30 –C30 .V30 <=0

Non-negativity constraints are a,b,c>=0 and Ui, Vi >=0, where

a: Coefficients of output of number of transactions 
b: Coefficient output of volume of trade 
c: Coefficient of input prices
U1i: Number of transactions
U2i: Volume of trade
V: Input prices.
The above model will lead to the L.P. model for the purpose of application. The following is the objective function of the Linear Programming Model:

Maximize Z = ∑ Pij Xij  

..........(4)    

Subject to

∑aijXij  ≤ Yij 

.................................(5)

The following are the non-negativity constraints:

  Xij ≥ 0,   Yij ≥ 0, Pij  ≥ 0,   for all i, j.

Where,  i= 1,2,........12, denotes month of the year, and  j=1,2,........30 refers to the companies,  Pij is the price of i-th Month of j-th company’s shares. Xij stands for shares of j-th company sold in the i-th month of the year, Yij refers to total number of shares of jth company on offer for sale in i-th month, and aij are the coefficients, that is, proportion of total shares of company j sold in i-th month of the year. 
Model of Output Effect of Stock market’s Efficiency
The results, derived from the analysis of efficiency of the market by LP/DEA model, will furnish three different levels of investment, which will constitute the only non-zero elements of final demand of different sectors of the economy in the Input Output Model. Three different levels of investment will relate to of the best, worst and average performance of the companies.  All three alternatives of the model are outlined below:

X1*= (I-A)-1f1......................................(6)

 X2*= (I-A)-1f2.....................................(7)

Where Xk*, k=1,2, depict the three values of the gross output vector of the economy, (I-A)1 is Leontief Inverse, and, fk are two final demand vectors comprising best, and worst performance levels of sector wise investment in the economy respectively. 

Empirical Results

The OLS estimates of RWM models are reported hereunder:

RWM model has been estimated for the number of shares and volume of transactions, which is the product of price and number of shares sold and purchased. If the volume is stationary, its constituent series are also likely to be stationary. Dickey-Fuller test of unit root reveals that the both these are stationary. (Note: results are with authors)
Results of DEA

Next we consider results of DEA according to relative efficiency of 30 companies month wise during the year 2011.Results of application of DEA model are reported in the table 1 in Appendix. 

1. Analysis of Efficiency of Companies Relative to Optimum Efficiency 
A perusal of the table 1 reveals that (i) Jai Prakash Associates were the most efficient in the month of January; but they could not retain their position during the subsequent months of the year. During rest of the year, their efficiency ranges from 0.07 to0.155; (ii) Sterlite emerged as the most efficient company in 10 months of the year. Even in January, their efficiency level was 0.65; in two months they lost the leadership to Jai Prakash Associates in January and to ONGC in October. However, in October also, efficiency of Sterlite was 0.981, which is not significantly lower than one; (iii), Sterlite and ONGC are the joint leaders in the month of November. Efficiency of ONGC has varied in the range of 0.08 to 0.84 in other months of the year. 

Three interesting inferences emerge from these results: (i) Month of the year effect may influence the efficiency of different companies differently; (ii) leading company in the market is likely to hold its position over prolonged period; (iii) no company may attain and retain optimum efficiency for all times as the optimum efficiency may shift from one to another company during different periods; (iv)The shifting of leadership may be an indicator of the race of catching up with the leader among the lagging companies in a dynamically changing scenario which also reflects the changing quality and intensity of competition between the companies in different periods.
2. Analysis of Companies with Lowest Relative to Optimal Efficiency
The same table also reveals the least efficient companies in different months. From the perusal of the table it may be inferred that (1) Maruti was the least efficient company in January. Incidentally, Maruti has continued to operate at an efficiency level which ranges from 0.14 to 0.53, though it is not the worst performer in the remaining months of the year; (ii) CIPLA emerges as the least efficient in last three months of the year, though its performance in the rest of the months is also not very much different from the last three months; and (iii) Tata Steel occupied this dubious distinction during remaining seven months of the year, while their performance in other five months, except January was not much different from these seven months. It may therefore, be inferred that the least efficient companies in particular months perform poorly in other months also even though these companies may not occupy the position of the  least efficient company of the lot. The company or companies which are market leaders in efficiency tend to perform well most of the time, an exceptional aberration here or there not withstanding.   
3. Inter-Temporal and Inter-Company Variation of Relative Efficiency
The above analysis highlights that relative efficiency of the companies, including both optimum and least efficiency, varies between the companies and months. In order to evaluate the statistical significance of the variation, we have applied the Two Factor ANOVA without Replication to relative efficiency of all companies for all months. The results are reported hereunder.  

Two Factor ANOVA of Month-wise Relative Efficiency of 30 Companies of BSE-SENSEX
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Rows
	13.31504
	29
	0.459139
	25.49931
	2.91E-66
	1.503168

	Columns
	0.281915
	11
	0.025629
	1.423344
	0.160785
	1.818728

	Error
	5.7439
	319
	0.018006
	
	
	

	Total
	19.34086
	359
	 
	 
	 
	 


Rows depict the efficiency of companies over all the twelve months of 2011. Columns display efficiency of all companies in given months. The above table shows that the levels of efficiency of the companies, including the maximum efficiency, differ significantly between the companies. But the efficiency of all companies taken together does not differ significantly between the months. Efficiency of all companies, in fact, represents the efficiency of the entire market’s portfolio, which interestingly does not differ significantly between the months of the year, highlights some degree of stability of the returns on investment in the market portfolio.  
Investment Associated with Optimum Efficiency and its Output Effect 
For this part of the exercise, company wise investment, associated with optimal and least efficiency levels, has been determined. This investment is then used to estimate the final demand vector f1 and f2 respectively for estimating the output effect. The investment receiving 30 companies are identified with 12 sectors of the 130x130 I-O table. Therefore, the final demand vector has only 12 non-zero elements, since all other elements of final demand are assumed to be zero. The estimates of the sector wise aggregate investment and its output effects are reported in tables 2 and 3 respectively.    
A perusal of the table 2 reveals that (i) Total investment in all companies, according to optimum efficiency, is Rs.83173.75 crore, (ii) Thirty companies of BSE –SENSEX belong to 12 out of 130 sectors of the economy. Hence, the final demand vector of I-O model will have only 12 non-zero elements corresponding to these sectors; (ii) investment varies highly between the sectors; the variation is as per expectation, since the allocation of total investment in market portfolio is patterned on the optimum efficiency of the companies; and (iii) Investment varies from Rs.7380.98 million in Electricity to Rs. 241305.2 million in Banking & Financial Services. The growth of Indian economy is much more tertiary dominated since 1990-91 than ever before, and financial services like banking and insurance have been among the most rapidly growing sectors of the Indian economy. It is therefore, not surprising to find the banking and Financial services sectors attracting and absorbing maximum investment in the economy through the BSE-SENSEX. It is natural to expect that the varying magnitudes of investment in different sectors will make the output effect of investment vary sharply between the sectors. The output effect is expected to vary according to the magnitude of the investment in the specific sectors and their linkages with the rest of the sectors of the economy (See, Prakash, S. and Panigrahi, Ritisnigdha, 2012).
Output Effect of Optimally Efficient Investment in BSE-SENSEX
The main features of output effects on different sectors are examined and analysed first. The following are important inferences that flow from the analysis of output effect of BSE-SENSEX investment according to optimum efficiency: 

(i) Total output effect of optimally efficient BSE-SENSEX investment in the Indian economy is Rs. 1648434.5 million. This represents 50.5 % of total investment made in the economy only in one single year, which highlights very high degree of productivity of investment in the Indian economy;

(ii) Output of all 130 sectors of the economy has positively responded to investment in 12 sectors of the economy;

(iii)  The output response of the sectors in which investment is made is much greater than the output response of the sectors in which no investment is made. Output of 118 sectors in which no investment is made has increased due to the linkages of these sectors with the sectors 12 sectors in which h investment is made;

(iv)  Output effect on 12 investment receiving sectors is greater than the output effect on non-investment receiving sectors since the former absorb both direct and indirect impact of final demand, while 118 sectors register only indirect component of impact of final demand in this case;

(v)  The average or per sector output effect of investment in BSE-SENSEX on the Indian economy is Rs. 12778.562 million, though the median level of output effect is much lower than the average output effect. This suggests high degree of inequality in the distribution of output effect among 130 sectors of the economy. 
The above conjecture is well supported by the fact that the coefficients of Skewness and Kurtosis are as high as 4.75 and 26.171 respectively, while the CV has as high value as 266.86 %. It shows high degree of concentration and widely spread inequality of distribution of total output effect of investment in BSE-SENSEX according to the maximum efficiency of the portfolio. The inter-sector variation of output effect is also examined by one factor ANOVA:

One Factor ANOVA of Output Effect of Investment in BSE_SENSEX (Optimal Efficiency)
	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1.48851E+11
	128
	1.16E+09
	65535
	#NUM!
	#NUM!

	Within Groups
	0
	0
	65535
	
	
	

	Total
	1.48851E+11
	128
	 
	 
	 
	 


The table shows that the output effect varies very highly and statistically significantly between the sectors. This lends conclusive evidence to support the inference drawn from the analysis of descriptive statistics. 

Linkages, Optimum Efficient Investment and Output Effect 
The following questions need answer in this context: (i) What are the determinants of total output effect of optimum efficiency based investment in the economy?; (ii) What are the magnitude of output effect on individual sectors?; and (iii) What is the pattern of distribution of output effect on individual sectors of the economy?

Total investment in the economy may be taken as the main determinant of the total output effect. Magnitude of output effect on various sectors of the economy may similarly depend upon the magnitude of investment made in sectors. But what determines output effect on sectors in which no investment is made is then an important question?.

The fact is that the sectors in which investment is made register two components of output effect: (i) Direct component, which relates to the magnitude of investment, and (ii) Indirect component, which relates to the pattern and spread of linkages between the sectors in which investment is made and other sectors of the economy.  
These propositions are examined by regression functions of output effect with the magnitude of investment and the linkages of the sectors in which investment is made. In order to evaluate the effect of multi-collinearity on the OLS estimates of the coefficients of these two variables in multiple regression, step-wise regression approach is preferred.  The OLS estimates of the three functions are reported below:
Yi=-79284.4 +56579.43 X1i, R2=0.2571, F=43.94>F*=8.74E-10

t:      (-3.99)      (6.63)
Yi depicts output effect of most efficient market portfolio on i-th sector and X1i shows the index of linkages of ith-sector, and F* is the critical value. The above model highlights that the linkages exercise statistically significant influence on the output effect of investment according to the optimum efficiency criterion, though explained proportion of total variation in Yi is only about 26%. But the coefficient of the linkage index is highly significant.
Yi=-37255.17 +0.165913 X2i, R2=0. 0.0180, F=2.31> F*=0.131
t:      (-3.82)      (1.53)
X2i refers to the magnitude of investment as per optimum efficiency in sector i. The coefficient of determination is very low but it is still statistically significant. However, regression coefficient, attached to investment, is statistically significant only at 0.13 probability level. This significance level is accepted since 118 out of 130 sectors received no investment hence, the final demand for these sectors is zero. Above two results suggest that output effect depends both on linkages and volume of investment in different sectors, though the linkages are more decisive determinants of output effect of investment in the Indian economy. 

The OLS estimate of the multiple regression function of these variables is as follows:

Yi=-79108.5+0.0063 X1i +56435.61 X2i, R2=0.2571., F=21.8> F*=7.41E-09

  (-3.93)      (0.064)        (6.37)

The above function shows the magnitude of investment to be a superfluous determinant of output effect of investment according to the optimum efficiency criterion. Introduction of investment as an additional explanatory variable in the above relation adds little to the explanatory power of the function which has only linkage index as the determinant of output effect. This result may be attributed partly to multi-collinearity and largely to the zero investment in most of the sectors of the economy. But the above results highlight that the indirect output effect of stock market based investment in the Indian economy is much more decisive than the direct effect of the magnitude of investment. This also shows the high degree of strength and widely spread linkages among the sectors which is an important aspect of the developed economy. These results incidentally differ a great deal from those obtained by Prakash-Panigrahi(2012) for output effect of FII on Indian economy. One reason is that they used I-O table of 2003-04 while this paper uses 2006-07 table, Both the magnitude and spread of linkages seem to have changed during this period, Besides, FII was made in 42 sectors of the economy. These two facets may account for the difference between these two sets of results.   
Output Effect of Investment Based on Least Efficiency of Market Portfolio
Total output effect of investment in 12 sectors of the Indian economy in this case comes out to be Rs 52,44,993.13 million. This constitutes 50.0 % of the total investment in the economy. This highlights two important facets of output effect of investment  (i) Exactly one half of the total investment is recovered in one single year in the form of additional output produced in the economy, which stimulates the growth; (ii) Investment is highly productive; the marginal productivity of capital is as high as 2.
Other noticeable aspects of output effect of BSE-SENSEX least efficient investment in market portfolio are as follows:
(i) All the 130 sectors of the economy register positive output effect of investment in only 12 sectors of the economy, irrespective of the fact whether investment is made in the sector or not;

(ii) Sectors, having received zero investment, depict positive output response to investment in 12 sectors of the economy due to their forward and backward linkages with the investment receiving sectors;

(iii) Output effect on sectors with zero investment is much lower than the output effect on sectors in which investment is made;
(iv) The output effect varies very sharply between the sectors, the range of variation is as high as Rs. 0-0.1 to Rs 810333.0 million;
(v) The average or per sector output effect of investment is Rs. 40658.86 million, while the median has much lower value than that of the mean; median has as low a value as Rs. 3636.13 million.  The mean is 11.2 times the value of the median, which implies that the distribution of total output effect of investment on Indian economy is very highly skewed, the coefficient of skewness has a value of 4.75. Besides, the value of CV is as high 267%;;

(vi) The output effect seems to be largely concentrated in few sectors of the economy, the coefficient of Kurtosis is as high as 26.17. The inference is also supported by the fact that only 13 out of 130 sectors, that is, only 10 percent of total sectors of the economy, have registered an output effect of more than Rs. 100,000 million. In fact, the output effect on these sectors ranges from Rs. 100810.3 to Rs. 810333.0 million. Besides, only five of these sectors show an output effect, which is greater than Rs 200000 million, while output effect on other 8 sectors is also less than Rs.200000 million. This decisively supports the inference of inequality and high level of concentration of output effect among a few sectors of the economy. The following results of one factor ANOVA also support the above thesis:

Single Factor ANOVA of Least Efficiency Investment in BSE-SENSEX 

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1.51E+12
	128
	1.18E+10
	65535
	#NUM!
	#NUM!

	Within Groups
	0
	0
	65535
	
	
	

	Total
	1.51E+12
	128
	 
	 
	 
	 


The table demonstrates that the variation of output effect among the sectors is not only extremely high but it is statistically highly significant also;
The total investment in the economy, according to the least efficiency of the market portfolio, is Rs. 2646424.81 million. The average investment or per sector investment is as high as Rs. 220535.40 million in one single year.
Range of Variation: Rs 0-0.1 to Rs 810333.0 Million.
The analysis of the results show that (i) the average investment in the according to the best performing or most efficient companies is Rs12778.56174 crore, while the1142.789263 value of investment is much lower at Rs. 1142.789263 crore. The distribution of investment among the companies is highly skewed, the coefficient of skewness has a value of 4.775 and the range variation is as high as 254677.3271. Obviously, the CV also has a high value of 2
Input-output Results

The aggregate investment by all 30 companies of BSE-SENSEX for the year 2011 is allocated among 15 sectors of the economy to which the companies of the BSE-SENSEX belong. These sectors are listed below: (1) Motor Vehicles, (2) Banking, (3) Coal & Lignite, (4) Construction, (5) Electrical Industrial Machinery, (6) Electricity, (7) Iron, Steel and Ferro Alloys, (8) Computer & related activities, (9)Other Metallic Minerals, (10) Petroleum Products, (11) Pharmaceuticals, Medical, Precision & Optical Instruments), (12) Soap, Cosmetics and Glycerin, (13) Iron and Steel Casting & Forging, (14) Communication, and (15) Tobacco and Tobacco Products. The final demand vector (investment) has non-zero elements only in these sectors; all other elements of final demand of all sectors, including these 15 sectors is treated as zero. This has been done to isolate, and identify the output effect of investment in these sectors according to the best, worst, and average efficiency during the year. However, the latest I-O table is for 2006-07. It is assumed that the technology of 2006-07 has remained constant till 2011. The Leontief Inverse has been estimated by us on the basis of the transaction table in producer prices. Incidentally, Leontief Inverse for the earlier years has been provided by CSO itself. But the tables of earlier years 2003-04, 1998-99 and 1993-94 are not used in this exploratory investigation. We shall use these in subsequent exercises. The table of aggregate investment allocated in 15 sectors is shown in the appendix.
The inter-sector variation of investment is very well highlighted in the table of aggregate investment in 15 sectors shown in appendix. The Banking sector received the highest investment and the lowest investment was absorbed in Electricity sector.
The output effect has been calculated from Leontief static Input-output model. It has been found that the output of the sectors changes most where investment have been made. Against of it, the sectors with low investment experienced less change in the output. Even there are sectors where investment has not been made; they also experienced the change, to an extent, in the output. This may be due to indirect linkages of different sectors of the society. The change in the output effect depends upon the following three factors:
1. Linkage Index (average of Forward and Backward linkages)

2. Investment in sector 

3. Output of sector

The linkage index for the Banking sector is 3.67 and the subsequent output is 8703877.28 where as the linkage index for Electricity sector is 4.068 and the subsequent output is 28061847.58. The sectors, where investment has not been made, have also experienced the change in output. Although they had low output as compared to other sectors. 

Multiple Regressions

 The result of multiple regression of linkage index and aggregate volume on the output of different sectors is as follows:

Y =  
1834880.82 + (-0.301999526) X + 0.163121514 X2
t-statistics
3.851486723,      -0.633851091,       1.491761206

F = 1.352071062, Multiple R = 0.144950092, R-square = 0.021010529

Here the results of multiple regressions show that the linkages are non-significant as the value of t-statistics is negative in case of variable 1. It seems to be the outcome of multi-collinearity. Also output effect is positively related with the amount of investment. 

Main Findings and Inferences

The following are the main findings and inferences:

1. Efficiency of operations of 30 companies which are represented in SENSEX index differ significantly.

2. Jaiprakash associate is the most efficient company in the month of February but it has yielded this position to Sterlite during the rest of the months. Sterlite shares the position of most efficient with ONGC in one of the month and it is second to ONGC in another month. But rest of the year Sterlite is the most efficient company according to the least efficiency of the market portfolio.
3. The aggregate investment as well as sector wise investment according to the least efficiency criterion is much less than the aggregate investment and its distribution amongst the sectors according to the optimal efficiency of market portfolio.
4. The investment of 30 companies is distributed in 12 sectors to which these companies belongs. The output effect of both the least and most efficient market portfolio criterion accounts for 50 and 51% in 1 year alone which shows that the marginal productivity is as high as 2.

5. The inter sector variation of output effect shows high degree of concentration and inequalities in the distribution of output effect of investment among sectors.

6. Linkages dominate the output effect of magnitude of investment.

The results of the study highlight the waste of potential of output growth due to the inefficiency displayed by returns on investment by market portfolio.
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Appendix 

Table 1:-Month-Wise Relative Efficiency of Companies

	
	Optimal Efficiency
	=1
	
	
	
	
	
	
	
	
	
	
	

	NO.
	Company
	Jan-11
	Feb-11
	Mar-11
	Apr-11
	May-11
	Jun-11
	Jul-11
	Aug-11
	Sep-11
	Oct-11
	Nov-11
	Dec-11

	1
	Wipro Ltd.
	0.106
	0.059
	0.047
	0.078
	0.038
	0.054
	0.072
	0.064
	0.054
	0.064
	0.083
	0.062

	2
	Maruti Ltd.
	0.023
	0.014
	0.034
	0.032
	0.020
	0.053
	0.030
	0.043
	0.028
	0.045
	0.031
	0.028

	3
	Infosys
	0.063
	0.031
	0.042
	0.158
	0.053
	0.059
	0.080
	0.072
	0.054
	0.081
	0.047
	0.046

	4
	Cipla
	0.089
	0.020
	0.014
	0.015
	0.039
	0.034
	0.022
	0.017
	0.012
	0.017
	0.014
	0.016

	5
	Bharti Airtel
	0.132
	0.088
	0.096
	0.053
	0.081
	0.095
	0.057
	0.048
	0.039
	0.046
	0.076
	0.058

	6
	Tata Motors
	0.239
	0.196
	0.126
	0.167
	0.518
	0.311
	0.534
	0.163
	0.069
	0.104
	0.173
	0.172

	7
	ONGC
	0.083
	0.274
	0.160
	0.119
	0.210
	0.286
	0.162
	0.210
	0.344
	1
	1
	0.841

	8
	HUL
	0.192
	0.128
	0.155
	0.292
	0.424
	0.433
	0.357
	0.170
	0.158
	0.108
	0.129
	0.091

	9
	HDFC
	0.142
	0.051
	0.070
	0.071
	0.176
	0.238
	0.116
	0.068
	0.071
	0.101
	0.157
	0.100

	10
	Mahindra & Mahindra
	0.106
	0.113
	0.094
	0.072
	0.128
	0.628
	0.086
	0.059
	0.034
	0.061
	0.042
	0.053

	11
	Hindalco
	0.611
	0.109
	0.089
	0.071
	0.104
	0.102
	0.071
	0.097
	0.079
	0.053
	0.089
	0.089

	12
	Sun Pharma
	0.051
	0.522
	0.390
	0.330
	0.373
	0.555
	0.465
	0.471
	0.317
	0.588
	0.478
	0.512

	13
	Hero Motocorp
	0.029
	0.059
	0.033
	0.046
	0.031
	0.060
	0.042
	0.082
	0.033
	0.022
	0.026
	0.023

	14
	Jindal Steel
	0.130
	0.040
	0.034
	0.047
	0.049
	0.037
	0.036
	0.020
	0.021
	0.022
	0.017
	0.016

	15
	ITC
	0.380
	0.045
	0.038
	0.046
	0.053
	0.051
	0.064
	0.074
	0.050
	0.108
	0.050
	0.074

	16
	Tata Power
	0.011
	0.316
	0.375
	0.302
	0.374
	0.348
	0.375
	0.233
	0.111
	0.203
	0.204
	0.281

	17
	Tata Steel
	0.785
	0.009
	0.011
	0.010
	0.012
	0.010
	0.009
	0.011
	0.045
	0.222
	0.213
	0.197

	18
	ICICI Bank
	0.388
	0.701
	0.468
	0.296
	0.459
	0.462
	0.321
	0.516
	0.333
	0.341
	0.475
	0.532

	19
	Coal India
	0.360
	0.204
	0.192
	0.218
	0.202
	0.213
	0.244
	0.222
	0.135
	0.212
	0.236
	0.297

	20
	TCS
	0.103
	0.282
	0.419
	0.398
	0.768
	0.398
	0.621
	0.318
	0.161
	0.381
	0.199
	0.175

	21
	Reliance
	0.494
	0.072
	0.076
	0.166
	0.074
	0.092
	0.100
	0.129
	0.070
	0.109
	0.051
	0.060

	22
	HDFC
	0.058
	0.431
	0.311
	0.239
	0.269
	0.453
	0.379
	0.299
	0.310
	0.286
	0.257
	0.371

	23
	SBI
	0.390
	0.033
	0.032
	0.041
	0.052
	0.028
	0.087
	0.113
	0.105
	0.101
	0.092
	0.093

	24
	DLF
	0.508
	0.229
	0.165
	0.158
	0.391
	0.303
	0.218
	0.240
	0.211
	0.301
	0.286
	0.321

	25
	BHEL
	0.040
	0.736
	0.322
	0.627
	0.520
	0.541
	0.838
	0.570
	0.376
	0.389
	0.385
	0.383

	26
	NTPC
	0.111
	0.033
	0.036
	0.049
	0.066
	0.037
	0.070
	0.040
	0.027
	0.090
	0.170
	0.218

	27
	Jaiprakash Associates
	1
	0.072
	0.074
	0.096
	0.155
	0.127
	0.184
	0.099
	0.061
	0.083
	0.069
	0.072

	28
	Sterlite
	0.650
	1
	1
	1
	1
	1
	1
	1
	1
	0.981
	1
	1

	29
	L&T
	0.194
	0.305
	0.240
	0.379
	0.277
	0.301
	0.272
	0.458
	0.320
	0.593
	0.461
	0.461

	30
	Bajaj
	0.072
	0.134
	0.117
	0.124
	0.213
	0.138
	0.121
	0.117
	0.112
	0.153
	0.124
	0.213


Table 2: Distribution of Investment According to Optimal and Least Efficiency 

                        of 30 Companies of BSE-SENSEX in Different Sectors 

Optimal Efficiency




Least Efficiency  
	S.R.NO
	Sectors(Million Rupees)
	Aggregate Investment

	1
	Automobile
	310384.8

	2
	Banking and Financial Services
	767785.4

	3
	Coal& Lignite
	102665.2

	4
	Construction
	330243.5

	5
	Electrical Industrial Machinery
	59861.45

	6
	Electricity
	23484.81

	7
	Iron, Steel and Ferro alloys
	62271.69

	8
	IT Enabled Services
	254256.8

	9
	Other Metallic products
	42068.71

	10
	Petroleum Products
	50403.78

	11
	Pharmaceutical
	32444.58

	12
	Soap, Cosmetics and Glycerin
	30325.09

	13
	Steel
	231520

	14
	Telecommunication
	305332.2

	15
	Tobacco
	43376.78

	Total Investment
	2646424.81 million

	S.R.NO
	Sectors(Million Rupees)
	Aggregate Investment

	1
	Automobile
	97549.97

	2
	Banking and Financial Services
	241305.2

	3
	Coal& Lignite
	32266.36

	4
	Construction
	103791.3

	5
	Electrical Industrial Machinery
	18813.69

	6
	Electricity
	7380.977

	7
	Iron, Steel and Ferro alloys
	19571.2

	8
	IT Enabled Services
	79909.66

	9
	Other Metallic products
	13221.66

	10
	Petroleum Products
	15841.27

	11
	Pharmaceutical
	10196.92

	12
	Soap, Cosmetics and Glycerin
	9530.789

	13
	Steel
	72763.79

	14
	Telecommunication
	95962.02

	15
	Tobacco
	13632.77

	Total Investment
	831737.765 Million


Table 3: Output effect of aggregate investment made by companies with high/optimum efficiency 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 

	1
	794.8
	21
	517.2
	41
	447.2
	61
	4832.4
	81
	6289.1
	101
	1.5
	121
	43.2

	2
	515.5
	22
	196.8
	42
	150.2
	62
	6410.5
	82
	13462.6
	102
	2250.0
	122
	234.8

	3
	9.3
	23
	418.9
	43
	1234.4
	63
	45754.6
	83
	63.1
	103
	18461.3
	123
	5148.0

	4
	3.3
	24
	896.7
	44
	820.1
	64
	18739.6
	84
	117.5
	104
	57.8
	124
	2083.7

	5
	18.4
	25
	1434.8
	45
	0.1
	65
	8949.5
	85
	3159.3
	105
	14310.0
	125
	83631.8

	6
	165.3
	26
	52.7
	46
	68.2
	66
	8607.1
	86
	3093.3
	106
	22821.8
	126
	31.2

	7
	320.7
	27
	34530.5
	47
	254.9
	67
	710.9
	87
	12806.4
	107
	185000.7
	127
	1018.5

	8
	433.9
	28
	37290.9
	48
	15.8
	68
	558.1
	88
	6931.0
	108
	9038.5
	128
	3565.4

	9
	82.7
	29
	31683.4
	49
	4.9
	69
	2280.5
	89
	20517.6
	109
	16254.8
	129
	2627.5

	10
	29.1
	30
	835.6
	50
	667.3
	70
	311.0
	90
	908.4
	110
	40162.1
	 
	 

	11
	169.9
	31
	102.9
	51
	360.3
	71
	101.4
	91
	1878.7
	111
	1406.9
	 
	 

	12
	84.0
	32
	1736.0
	52
	4.7
	72
	21503.3
	92
	5154.0
	112
	1022.8
	 
	 

	13
	64.9
	33
	2195.1
	53
	192.2
	73
	12570.2
	93
	5485.6
	113
	2671.0
	 
	 

	14
	42.7
	34
	1544.1
	54
	536.0
	74
	794.9
	94
	4392.4
	114
	949.7
	 
	 

	15
	3.2
	35
	13411.8
	55
	496.1
	75
	1142.8
	95
	1359.5
	115
	28068.2
	 
	 

	16
	780.8
	36
	1.0
	56
	2081.0
	76
	2548.0
	96
	1735.2
	116
	150562.5
	 
	 

	17
	0.0
	37
	3421.8
	57
	9276.8
	77
	30248.3
	97
	8849.5
	117
	14082.9
	 
	 

	18
	13881.9
	38
	424.2
	58
	8278.8
	78
	37012.5
	98
	114665.7
	118
	57656.8
	 
	 

	19
	756.3
	39
	200.6
	59
	91.2
	79
	78557.8
	99
	144.2
	119
	254677.3
	 
	 

	20
	2850.5
	40
	103.3
	60
	225.3
	80
	60535.5
	100
	200.2
	120
	0.0
	 
	 


Table 4: Output effect of aggregate investment made by companies with low efficiency

	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 
	S.R NO
	Output effect 

	1
	2528.8
	21
	1645.6
	41
	1422.8
	61
	15375.6
	81
	20010.5
	101
	4.9
	121
	137.5

	2
	1640.3
	22
	626.1
	42
	478.0
	62
	20396.8
	82
	42835.4
	102
	7159.2
	122
	747.2

	3
	29.5
	23
	1332.9
	43
	3927.7
	63
	145582.2
	83
	200.9
	103
	58740.3
	123
	16379.9

	4
	10.4
	24
	2853.2
	44
	2609.3
	64
	59625.7
	84
	373.8
	104
	183.8
	124
	6629.9

	5
	58.4
	25
	4565.3
	45
	0.4
	65
	28475.4
	85
	10052.2
	105
	45531.4
	125
	266100.0

	6
	526.0
	26
	167.6
	46
	216.9
	66
	27386.0
	86
	9842.4
	106
	72614.5
	126
	99.4

	7
	1020.4
	27
	109869.1
	47
	811.2
	67
	2261.9
	87
	40747.3
	107
	588635.69
	127
	3240.7

	8
	1380.4
	28
	118652.3
	48
	50.2
	68
	1775.9
	88
	22053.1
	108
	28758.6
	128
	11344.5

	9
	263.1
	29
	100810.3
	49
	15.5
	69
	7256.2
	89
	65283.1
	109
	51719.7
	129
	8360.3

	10
	92.5
	30
	2658.9
	50
	2123.4
	70
	989.6
	90
	2890.4
	110
	127787.92
	 
	 

	11
	540.6
	31
	327.6
	51
	1146.4
	71
	322.8
	91
	5977.7
	111
	4476.6
	 
	 

	12
	267.4
	32
	5523.6
	52
	15.0
	72
	68419.3
	92
	16399.1
	112
	3254.4
	 
	 

	13
	206.6
	33
	6984.4
	53
	611.6
	73
	39996.0
	93
	17454.2
	113
	8498.6
	 
	 

	14
	136.0
	34
	4912.9
	54
	1705.5
	74
	2529.2
	94
	13975.9
	114
	3021.7
	 
	 

	15
	10.1
	35
	42673.7
	55
	1578.5
	75
	3636.1
	95
	4325.6
	115
	89307.3
	 
	 

	16
	2484.4
	36
	3.2
	56
	6621.4
	76
	8107.3
	96
	5521.0
	116
	479060.19
	 
	 

	17
	0.1
	37
	10887.5
	57
	29516.9
	77
	96244.3
	97
	28157.2
	117
	44809.0
	 
	 

	18
	44169.5
	38
	1349.8
	58
	26341.5
	78
	117766.5
	98
	364843.5
	118
	183452.64
	 
	 

	19
	2406.2
	39
	638.2
	59
	290.3
	79
	249955.5
	99
	458.7
	119
	810332.99
	 
	 

	20
	9069.8
	40
	328.6
	60
	717.0
	80
	192612.0
	100
	636.9
	120
	0.0
	 
	 



