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Abstract

Motivated by different qualitative constructs of efficiency and effectiveness | ]
and the variety of distinct quantitative models of measuring efficiency and effectiveness
derived from them, we propose a statistical method of goodness on these quantitative
models in the financial setting. Our statistical method of goodness is based on the semi-
strong Efficient Market Hypothesis (EMH) | ].

The semi-strong form of the EMH claims that stock prices reflect all publicly available
information and that stock prices instantly change to reflect new public information. Fi-
nancial markets can identify firms that are effective, “doing the right things” and efficient,
“doing things right.” A firm that is “doing the right things right” is both efficient and
effective and the market should value such firms higher than other firms. In our statistical
model, we use market information and its derivatives such as stock price, market capital
and TobinQ [ ] as dependent variables. Efficiency and effectiveness
measures are considered as independent variables. Our statistical method finds the best
fit model from a family of functions and reports model parameters that are statistically
significant. We apply our statistical method of goodness on two case studies of US and
Indian bank data. In these case studies, we use existing models of efficiency and effective-
ness | | and explore other | ] quantitative models
of profit maximization and cost minimization efficiency and effectiveness.
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Chapter 1

Introduction

Ever since the financial crisis of 2008, organizations with seemingly unlimited resources
have come to the hard realization that resources are finite. Due to the global economic
downturn, many nations must now protect their borders with greater effectiveness using
limited resources. Similarly, the financial institutions of the Canadian economy such as the
big five banks, must improve their offerings, i.e., become more effective while maintaining
and improving their efficiency. The financial services industry has fragmented since the
global financial crisis, with banks staking out territories in niche services, regions, and
client industries. As banks examine their current state, they are required to make harder
choices about allocating limited resources | |. Unfortunately, the effectiveness
construct is poorly understood among researchers | |. Researchers agree that
it is desirable for a military or a bank to be effective and “do the right things,” however,
there is no consensus or agreement on the effectiveness criterion, i.e., what are these “right
things”? It has rarely been possible to compare studies of effectiveness | ,
since few have used common criteria for indicating effectiveness. As quantitative models
are derived from these qualitative models, there are also many different ways of measur-
ing efficiency and effectiveness quantitatively. In this dissertation the following research
questions are studied and explained:

1. Propose statistical procedure of goodness on quantitative models of efficiency and
effectiveness.

e Most banking firms are publicly traded firms and disclose their operating pa-
rameters in their quarterly financial statements. Further, as these firms are
publicly traded, their market value is determined at any point in time. Using



the semi-strong EMH, the financial markets identify firms that are effective,
“doing the right things,” and efficient, “doing things right.” Therefore, with
these general definitions of effective and efficient firms, a firm that is “doing the
right things right,” is both efficient and effective, and the market should value
such firms higher than other firms. The proposed statistical procedure that we
propose in this dissertation finds the best model from a family of functions and
reports statistically significant model parameters. If these statistically signifi-
cant model parameters have a positive correlation between the selected market
valuation and the determined effectiveness and efficiency measures, then the
best fit model is consistent with the semi-strong EMH theory. To control for
firm size and equities, derivatives of market valuation such as the stock price,
market capital and TobinQ are used.

2. Explore all four two-stage Data Envelopment Analysis (DEA) models of efficiency
and effectiveness

e All permutations of profit maximization and cost minimization efficiency and
effectiveness are considered:

(a) Profit maximizing efficiency and profit maximizing effectiveness.
(b) Profit maximizing efficiency and cost minimizing effectiveness.
(c¢) Cost minimizing efficiency and profit maximizing effectiveness.
(d) Cost minimizing efficiency and cost minimization effectiveness.

e Using US and Indian banks as case studies, the derived statistical procedure is
applied on the above models. In the case studies, we use DEA to measure the
bank operational efficiency based on inputs and outputs of the bank’s produc-
tion activities. Financial measures evaluate corporate financial outcomes such
as return on assets, return on equity, Tobin( and market capital which are cal-
culated from information in the bank’s financial statements. DEA operational
efficiency and Tobin(Q) are linked as they assess the firm’s activity, but they
may not necessarily be consistent with one another. Our statistical procedure
finds the best model that fits the sample data and infers whether the correlation
among efficiency and effectiveness is consistent with the financial measures of
EMH theory.

In the remainder of this dissertation, we first discuss related work in chapter 2. In
chapter 3, we present our statistical procedure of goodness based on the semi-strong EMH.
In section 4, we apply our statistical procedure using two case studies of Indian and US
banks. Finally, we conclude and discuss future work in chapter 5 and 6.



Chapter 2

Related Work

[ | discuss whether the market value of firms has any correlation with
environmental performance. After controlling for variables that explain firm-level financial
performance, they conclude that bad environmental performance is negatively correlated
with the intangible asset value of firms. TobinQ (which proxies for a company’s valuation)
and return on assets (which represents the operating performance and profitability) are
used as financial measures. The authors base their rational on two prior established func-
tional forms. However, in this thesis, there is no such prior functional form that can be
leveraged. Our statistical approach is used precisely to infer the best functional form from
a family of functions.

[ | study the relationship between eco-efficiency and financial per-
formance of firms from 1997 to 2004. They find that eco-efficiency relates positively to
operating performance and market value. The researchers get their eco-efficiency mea-
sures from ‘Innovest Strategic Value Advisors’ and use this as independent variables when
regressing against financial measures (return on assets and TobinQ). Our proposed statisti-
cal approach is independent of how the efficiency and effectiveness measures are generated.
Later in our case study see section 4, we use two-stage DEA to calculate the efficiency and
effectiveness scores of Indian and U.S banks.

[ | compares and contrasts a qualitatively multivariate effectiveness model
from a univariate model by arguing that the former focuses on relationships between impor-
tant variables that jointly influence organizational success. He claims that these integrative
or multivariate models are more comprehensive and account for a greater proportion of the
variance in effectiveness. When measuring efficiency and effectiveness quantitatively, the
paper mentions that efficiency measures derived using multivariate constructs have ad-



vantages over financial ratios (univariate). For example, the selection of the weights of
financial ratios may be considered as subjective. | ,
| use the frontier approach accommodating multiple inputs and multiple

outputs in their multivariate models. Existing multivariate models that quantitatively
measures effectiveness are also mentioned in | .

| creates a multivariate model of effectiveness using interest income of bank,
noninterest income of bank, bank advances, and bank investments. We augment the work
[ ] by exploring all four permutation models of profit maximization
efficiency /effectiveness and cost minimization efficiency /effectiveness | ]
using the two-stage DEA model.

[ | built quantitative models within the Singapore domestic banking
sectors and investigates the influence of cost efficiencies and profit efficiencies on the share
prices of the banks. In their paper, they claim that shareholders ‘should’ be more interested
in profit efficiency rather than cost efficiency as profits serve as the source of current and
future dividend income. Cost efficiency and profit efficiency differ on the selection of
either total income or net profit after taxation as the second output variable in the DEA
model. We use the same definition in profit maximizing efficiency and effectiveness and
cost minimizing efficiency and effectiveness in this dissertation. However, in our research,
we also include lag variables of efficiency and effectiveness as dependent variables and also
use TobinQ as another financial measure.

[ | studied banks in five European countries. They calculated the
efficiency scores quantitatively using DEA (parametric) and Stochastic Frontier Analysis
(SFA, nonparametric), for the year 1999 and 2000. Their results indicate that the percent-
age change in stock price reflects the percentage change in cost efficiency. Like |

], this approach is normative and defines effectiveness using a multivariate con-
struct of profit maximization and net interest income. However, the authors also use SFA
when measuring quantitatively efficiency and effectiveness. The authors introduce dummy
variables in their regression to account for further explanatory variables (a proxy for size,
riskiness, and profitability) when examining the relationship between bank efficiency and
stock prices behavior across countries. In our case study, data is generated via two-stage
DEA only. We do not use SFA in our case study. However, our statistical approach is
independent of how the data is generated. Using fixed effects in our dynamic panel regres-
sion, we account for any bank specific explanatory variables. | | have
presented results on cost efficiencies and profit efficiencies of banks in Singapore. Using
DEA, they show that cost efficiencies of Singapore banks were higher. Their results are in
contrary to | ] where the percentage change in share prices reflect the
percentage change in profit.



[ | studied the Spanish banking sector and established a link
between stock performance and four different measures of efficiency: production costs
and branch network distribution (estimated by using DEA); systematic risk and specific
risk. Their main findings suggest that the most influential variables in determining stock
performance are bank-specific risks. | | performed a study
on the efficient market hypothesis on Malaysian banks trading on the Kuala Lumpur Stock
Exchange (KLSE). Using DEA, they segregated the operating efficiency score into a) pure
technical efficiency b) scale efficiency and c¢) congestion efficiency. They found that the
percentage change in the prices of the bank shares in KLSE reflected the percentage change
in the overall technical efficiency and concluded that the Malaysias bank stock return
price is inefficient. | ] in their paper have presented a linear
model where bank shareholder value creation (SHVC) is a function of various Bank-specific,
industry-specific and macroeconomic variables. Similar to | ]
we propose our statistical procedure of goodness in validating efficiency and effectiveness
measures that also includes their lags. The statistical procedure that is proposed in this
dissertation is based on the EMH and looks for large correlation between the selected
market valuation and the determined effectiveness and efficiency measures. Our statistical
procedure is general and is not limited to any functional form. It searches for the best fit
among a family of functions. In future, we will explore other SHVC besides stock price
and market capital such as economic value added, or market to book ratio or return on
average equity.

[ | studied the and investigated the impact of cost and profit efficiency
changes on shareholder value for a large sample of commercial banks in 14 Asia-Pacific
economies during the years 2003-2010. Their results suggest that both cost and profit
efficiency enhancements are positively related to the bank shareholder value. |

| investigated the effects of changes in profit efficiency on stock returns in
Australian banks in the period 1995 to 2002. They inferred that changes in profit efficiency
were significantly and positively reflected in bank stock returns. Our results generated in
case study show similar positive correlations of profit maximization efficiency with share
prices on U.S bank data.

There seems to be a well-established and growing literature as mentioned in this section
that focuses on different factors influencing the performance of banks. However, few studies
compare statistically whether the different forms of quantitative efficiency and effectiveness
are consistent as per the EMH theory. To the best of our knowledge, there is no or very little
research in proposing statistical procedure of goodness in a financial setting on quantitative
models of efficiency and effectiveness.



Chapter 3

General Statistical Method

We now propose the statistical procedure of goodness on quantitative models of efficiency
and effectiveness based on the semi-strong EMH. We use the word general in this section
for our statistical method because as seen in figure 3.1, our statistical procedure is not tied
to any specific information criterion, discrepancy, starting model of step-wise regression or
the ending model of step-wise regression.

3.1 Motivation:

Most banking firms are publicly traded firms and disclose their operating parameters,
found in their quarterly financial statements. Further, as these firms are publicly traded,
their market value is determined at any point in time. Using the semi-strong EMH, one
may argue that the financial markets are already able to identify firms that are effective,
“doing the right things”, and efficient, “doing things right.” Therefore, with these general
definitions of effective and efficient firms, a firm that is “doing the right things right”, is
both efficient and effective, and the market should value such firms higher than other firms.
To control for firm size and equities, we also use derivatives of their market valuation such
as the TobinQ. The statistical procedure that we propose looks for large correlation between
the selected market valuation and the determined effectiveness and efficiency measures.



3.2 Model Selection Framework Goal

Suppose a collection of data = has been generated according to some unknown model g(x).
We would like to approximate g(x) using a family of functions, F = {F(ky), F(ka), ..., F (ki) },
where F(k;) contains the best fit function f i.e. F(k;) = {f(x|0k,)} which has k; indepen-
dent variables and 6y, € R*. Once all of F(k;) are determined, then we select the best
amongst all F. The comparison is done using a variety of information criteria that we
define in section 3.4.1, which trades off the goodness of fit of a model, i.e., how closely it
approximate ¢g(z), vs. the number of parameters, k;, required to achieve this approxima-

tion. We determine the best functional fit from the family F as F (l;,) = f(z|0y). Oy, is
determined using either maximum likelihood or least squares.

ObservedData —— |

Discrepancy To Asses The Fit —

Coefficients of the best
—— model judged by the
criterion

Criterion @——+——— > General Statistical
Model

Starting model for the
stepwise regression

Ending model for the

stepwise regression

—

MaximumLiklihood
or
Least Squares

Figure 3.1: Inputs and Output of the proposed general statistical method

3.3 Inputs

3.3.1 Data

Our input data consists of a list of ordered pairs of x and y. The one invariant that we
assume holds in the provided data is that € R* and y € R. z is a vector of efficiency
and effectiveness measures. y is a scalar consisting of Tobin@ or StockPrice or the Market
Capital. We highlight the fact that the proposed method is agnostic to how the data
is generated. As seen previously [ ], input data, x, can be



generated via Data Envelopment Analysis (DEA), the Stochastic Frontier Analysis (SFA),
or some other method.

When we discuss the case studies in section 4, we note that we separate the input data,
x, into two different inputs, efficiency and effectiveness, and we consider three different
outputs for y, Tobin@), StockPrice, and Market Capital. All this means is that we run our
statistical method three times, once for each output and we combine the “different” inputs,
Tefficiency ANd Tefectiveness iNtO a single input .

3.3.2 Other inputs:

Our statistical method also takes in as input the information criteriai.e. a way to determine
and compare the best fit functions for each k;, starting and ending model for the stepwise
regression. Lastly, we let the user choose whether the parameter estimation must happen
via maximum likelihood or least squares.

3.4 Procedure

Find f; € F such that A(g, f;) is minimum and f; does not over-fit the data [(z,y)]. Let
fZ be the estimated f; and 6; be the parameters of such fz

3.4.1 Technical Considerations:

In this section we describe the information criterion is used to determine the discrepancy
between the true and the estimated values. One of the key steps in the proposed method
is to determine the best F(k;) out of F. We use an appropriate discrepancy |

| for selection. | | defines ‘lack of fit’ as discrepancy between the true
and estimated values and is usually denoted by A(g, fgk), where g and fy, = f (x|0,) are
defined above. There are some popular general-purpose discrepancies that can be used for
A(g, fo,,) such as the Kullback-Leibler discrepancy | |:

A(g7 f@kl) - AK—L(gakai) = —Edata[lOg f@ki (ZL‘)] = —/lOg f@ki (l’)g(l’) dx

The Pearson chi-squared discrepancy | |:

Alg. fo,) = Dp(g, fo,) = D (g(x)f;(ff)

T



The Gauss discrepancy | |:

A(g, fo,,) = Ar(g, fa,) = D _(9(x) = fa, (2))?

T

We cannot compute A(g, fp, ) for our observed sample because ¢ is unknown. How-
ever, using a model selection criterion which is defined as an estimator of the expected
discrepancy, i.e., Ejuta[A(g, fo, )], and now rank the f(x|6,) in F using the model selec-
tion criterion. One popular criterion is the Akaikie Information Criterion (AIC) |

| derived from the Kullback-Leibler discrepancy:

AIC = Egua|Alg, fék.)] = —2 log L(fy,|Observed Data) + 2k; (3.1)

In equation (3.1) L is the likelihood function. 6, is the maximum likelihood estimate
of O,. k; is the number of estimated parameters or the dimension of ;.

AIC value for each k; is calculated in F, and the best model is the one with minimum
AIC value. The value of AIC depends only on the observed data.

3.4.2 Algorithm

We use the step wise linear regression algorithm | | to find the
best fit model. Stepwise regression is a systematic method for adding and removing terms
from a multilinear model based on their statistical significance in a regression. The algo-
rithm can be executed either using forward selection or backward elimination techniques.
The algorithm begins with an initial model and then compares the explanatory power of
incrementally larger (when performed using forward selection) or smaller (when performed
using backward elimination) models. At each step, the p-value of the criterion is computed
to test models with and without a potential term. If a term is not currently in the model,
the null hypothesis is that the term would have a zero coefficient if added to the model. If
there is sufficient evidence to reject the null hypothesis, the term is added to the model.
Conversely, if a term is currently in the model, the null hypothesis is that the term has a
zero coefficient. If there is insufficient evidence to reject the null hypothesis, the term is
removed from the model | , |. The proposed statistical
method uses the forward selection technique of step wise linear regression.



3.5 Outputs and relation with semi-strong EMH

The form of best fitting model f (:E|9Ak1) and the parameters ékl that best fit the model.

The coefficients of the parameters are checked if they are statistically significant at
1%, 5%, 10% and whether the inferred correlations are consistent as per the semi-strong
EMH theory.

3.6 Dynamic Panel Regression Techniques

Our statistical method also factors in any fixed effects that may be prevalent in the dataset.
It is assumed for this discussion that the function f(data|Sy) where k = 2 that is being
fitted is a linear function of the following form:

Vit = Bri+ B2i%2i4 + B3T3, + €iy (3.2)

An ¢ subscript refers to a single decision-making unit (DMU). The ‘t’ subscript refers to
the time period. This implies that 5, ; and 32; and S35, can be potentially different for each
DMU;. However, the above model is not suitable for many instances because the observed
data for any single DMU across some time period is small (i.e. we have few observation per
DMU). As an example for the case studies that follows up on the next section, we observed
only five values at different time period for Indian banks. The resulting estimates would
not be precise when estimating three coefficients using only five observations. A popular
fixed effect technique is to keep the 85 and f3 constant for all DMU and vary the intercept
B1,i for each DMU. Hence with this simplification, our model is now as follows:

Yir = Bri+ Patair + B3T3, + €y (3.3)

With the above-simplified model, all behavioral differences between DMU referred to
as firm heterogeneity are assumed to be captured by the intercept. x9;, refers to the
efficiency score of firm ¢ at time period ¢. x3;, refers to the effectiveness score of firm 7 at
time period t.

Averaging the data across time, i.e., summing both sides and dividing by 7"

% zt: Yit = % zt: B, + % zt: Baa it + % zt: B3 + % zt: €it (3.4)

10



Simplifying the time invariant ’s result in:

1 T 1 T 1 T 1 I
Yi = T Z Yir = Py + 52? Z Toit + 53? Z T3t + T Z €it (3.5)
t=1 t=1 t=1 t=1
Ui = P + Paxa; + P33, + € (3.6)

Note that g; refers to the mean of the values y,;; over time. Subtracting the two
equations (3.3) and (3.6) we get the following:

Vit — Ui = Po (=22 + xo,4) + B3 (=23, + x3,4) + (€14 — €) (3.7)

In equation (3.7), individual bank specific intercept parameters 3, ; have dropped. Least
square regression technique is now executed on to infer the model parameters S5 and [s.
Unlike other researchers that may be interested in the effect of bank specific parameters
such as (bank risk, bank location, etc.) and may use different dummy variables to model
these, we use fixed effects in aggregating all bank specific parameters in a single bank
specific intercept term.

11



Chapter 4

Case Study

We now present results of running our proposed statistical procedure on two case studies of
Indian and American banks. We generate the efficiency and effectiveness measures using
two-stage DEA | ] model. We use the same definition of efficiency
and effectiveness as defined in | |. The appendix in 1 presents
the scores for the two different interpretations of efficiency (cost minimization and profit
maximization) and effectiveness (cost minimization and profit maximization) of Indian
and American banks. We like to again remind the reader, that our proposed statistical
procedure is independent of how the efficiency and effectiveness scores are generated. We
happen to use the two-stage DEA model in our case study.

4.1 Two stage DEA model:

DEA | | is a parametric approach to evaluating the performance of a
set of peer called Decision Making Unit (DMU). The performance of DMU is measured
across multiple input and output indicators. For each DMU, DEA infers an efficiency and
effectiveness score defined by the ratio of a weighted sum of its output to a weighted sum
of its input subject to the constraint that the ratio does not exceed 1 for any DMU. To
calculate the efficiency and effectiveness scores of Indian banks, we use the two-stage DEA
evaluation model | |. The first stage of the
DEA model is used to calculate the efﬁmency scores and the second stage of the DEA
model is used to calculate the effectiveness scores. The figure in 4.1 shows the two-stage
DEA evaluation model for calculating the efficiency and effectiveness measures with the
respective input and output variables. Two (profit maximization and cost minimization)

12



sets of efficiency scores and effectiveness scores are calculated. In our study, we use the same
definition as [Kumar and Gulati, 2009] in measuring efficiency and effectiveness scores.

< A two-stage performance evalution model >
Physi .
Mb Net-interest income
Advances »
Loanable funds Stage I . Stage II
(Efficiency) Investments (Effectiveness) | Net-interest income
Labour EEEEE—— >
—
< Stage I > | < Stage [ —»

Figure 4.1: Two Stage DEA model from [[Kumar and Gulati, 2009]

1. In stage I (for efficiency), the selected inputs used for computing the efficiency scores
are:

(a) physical capital
(b) labour

(c) loanable funds

2. In stage I (for efficiency), the selected output variables are:

(a) advances
(b) investments

(c) profit after taxation (we include this when calculating profit maximization effi-
ciency)

3. In stage II (for effectiveness), the selected input variables are:

(a) advances

(b) investments

4. In stage II (for effectiveness), the selected output variables are:

(a) net interest income

(b) net non interest income

13



(c) profit after taxation (we include this when calculating profit maximization ef-
fectiveness)

In the stage II of effectiveness scores calculation, we use the exact effectiveness criterion
as outlined by | |. The effectiveness criterion is a measure of the
extent to which policy objectives of an organization are achieved. In the years after 1992,
i.e. the post-reform period in India, strong competition in the Indian banking forced backs
to reduce all the non-essential costs to the minimum and earn maximum incomes from
traditional and non-traditional activities with fewer inputs. | ] rightly
remarked that in the post-reforms period, Indian banks are putting all their efforts in
the business of maximizing incomes from all possible sources. As per |

| we can infer that in the post-liberalization period, the main policy objective of Indian
banks is to maximize the interest and non-interest incomes to the maximum. |
] have selected: net interest income and non-interest income as the output
variables in the stage I of the performance evaluation model.

The cost minimization and profit maximization differs in the selection of net profit
after taxation as the extra output variable | |. Based on the above set
of variables, the DEA model on each stage is as follows:

(Efficiency or Effectiveness) = Max ¢g (4.1)
st goYo— D> NYi+ 5T =0 (4.2)
j=1
> NX; - Xo+85 =0 (4.3)
j=1
A, ST, 87 >0 (4.4)

In the above set of equations from (4.1) to (4.4), subscript 0 refers to the current DMU
under evaluation. The variables X; and Y; refer to the vectors of input and output for
bank j. The variable j runs from 1 to 28 for Indian Banks and from 1 to 43 for American
banks. The number of Indian banks in this study is 28. The number of American banks is
43. The weights A; refer to the weights when inferring the efficiency or the effectiveness of
the current DMU. The excess slack and the shortfall slack are represented by the vectors
S~ and S*.
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Rewriting the above set of equations now in matrix form and replacing the equality of
slack variables with inequality for implementation purposes in Matlab:

(Ef ficiency or Ef fectiveness) = Maz  ¢g (4.5)
st ¢Yy < ATY (4.6)

o> AN'X (4.7)

A>0 (4.8)

Aisan X 1vector and ¢ is a scalar. The basic idea is that on the range of the matrix i.e.
AT X, we calculate the maximal proportional output vector such that the current DMU,
does not cross the production frontier.

4.2 Using DEA on Indian and U.S. Banks

The appendix contains a total of 8 tables i.e. four each for Indian banks and American
banks. These tables list the efficiency and effectiveness scores calculated using DEA model

across all the orientations as defined in the ‘Introduction’ section of this dissertation, point
2.

4.3 Results from four orientations of efficiency and
effectiveness

For all the four orientation we now present results of regressing independent variables
(efficiency, effectiveness and their lags) against dependent financial measures of (stock
price, market capital and TobinQ).

e Shareholder value at time ¢ regressed against two-year lagged t,t — 1,t — 2 efficiency
and effectiveness. We use up to two lags in our model similar to the study in |

| because we notice no significant difference between two and three lags model.

However, | | have shown in their study that three and four

lags model do not significantly differ from each other. | | have presented
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guidelines regarding the use of lag length selection criteria. They have concluded
that the AIC is superior to most other information criterion in determining the true
lag length. In this case study, we use the AIC information criterion in our statistical
method when determining the lag length. We notice no significant difference between
two and three lag models.

We use the forward selection technique of step wise linear regression. The forward
selection technique involves starting with no variables in the model and tests the ad-
dition of each variable using some chosen information criterion and adds the variable
if it improves the model. The starting model of the forward selection technique is set
to model with no variables. The ending model is set to linear.

Parameter estimation is carried out via ordinary least square.
Kullback Leibler is used as divergence.

AIC criterion is used as the model selection criterion for model selection. AIC is a
measure of the relative quality of statistical models for a given observed set of data.
Given a family of models for the data, AIC estimates the quality of each model,
relative to each of the other models. Given a set of candidate models for the data,
the preferred model is the one with the minimum AIC value. Hence AIC rewards
goodness of fit (as assessed by the likelihood function), but it also includes a penalty
that is an increasing function of the number of estimated parameters. The penalty
discourages overfitting of data | ]. In the case study, we do not use R?
because by definition R? is the fraction of the total squared error that is explained
by the model. One can easily reduce R? by adding more independent variables and
overfit the data. This model that solely depends on R? will perhaps not explain or
predict well for data that was not observed.

We state our null hypothesis H as follows: There is no effect of efficiency or effectiveness
on shareholder value.

Detail break down of these results are presented in the appendix in 1. From the results
we notice that the tuple of efficiency and effectiveness is positive and statistically significant
only for the following two:

e Orientation 2 (Cost minimization efficiency and profit maximization effectiveness) on
American banks with TobinQ as the financial measure that efficiency and effectiveness
are positive and statistically significant. See table 14 for the model parameters.
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e Orientation 4 (Profit maximization efficiency and profit maximization effectiveness)
on American banks with TobinQ as the financial measure that efficiency and effec-
tiveness are positive and statistically significant. We see the same behavior with lag
variables present. See table 21 and table 22 for the model parameters.

4.3.1 Summary of findings across three different shareholder val-
ues

We summarize the finding of our results across the three different shareholders and invite
the reader to read the detailed breakdown that follows in 1.

1. Stock Price:

e Indian Banks:

(a) Profit maximization effectiveness at ¢ and effectiveness at t—1 are positively
related to the stock price and statistically significant at o = 5% when
regressed with cost minimization efficiency and its lags.

e American Banks:

(a) Cost minimization efficiency and profit maximization efficiency are statisti-
cally significant positively related to the stock price. This behavior is seen
with profit maximization effectiveness or costs minimization effectiveness
as the other regressor. Cost minimization effectiveness is negatively related
to the stock price and is statistically significant av = 1%. This behavior is
seen with profit maximization efficiency or cost minimization efficiency as
the other regressor.

2. Market Capital:

e Indian Banks:

(a) Cost minimization effectiveness at time ¢ is positively related to market cap-
ital and cost minimization effectiveness at time ¢ — 1 is negatively related to
market capital. This behavior is seen with cost minimization efficiency and
its lags or profit maximization efficiency and its lags as the other regressor.
Profit maximization effectiveness at time t is positively related with mar-
ket capital and profit maximization effectiveness at time ¢ — 1 is negatively
related to market capital. This behavior is seen with cost minimization ef-
ficiency and its lag or profit maximization efficiency and its lag as the other
regressor. Both these results are statistically significant at o = 5%.
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e American Banks:

(a)

3. TobinQ:

No Lag Variables: Cost minimization effectiveness is negatively related to
market capital when either of the two efficiencies is used as the other re-
gressor o = 1%. Cost minimization efficiency is positively related to the
market capital with profit maximization effectiveness as the other regressor
a = 2%. Profit maximization efficiency and profit maximization effective-
ness are positively related with market capital a = 1% when regressed
together.

e Indian Banks:

()

No statistical relationship of any kind inferred.

e American Banks:

(a)

With cost minimization efficiency and cost minimization effectiveness re-
gressed together, cost minimization efficiency is positively related with To-
binQ and is statistically significant o = 1%. Cost minimization effectiveness
is negatively related and is significant o = 1%.

With cost minimization efficiency and profit maximization effectiveness re-
gressed together, cost minimization efficiency is positively related a = 1%,
and profit maximization effectiveness is positively related o = 1%.

With profit maximization efficiency and cost minimization effectiveness re-
gressed together, efficiency is positively related, and effectiveness is nega-
tively related with o = 1%.

With profit max efficiency and profit max effectiveness regressed together,
efficiency is positively related, and effectiveness is positively related with
a=1%.
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Chapter 5

Future Work

Why is there no consensus on the efficiency and the effectiveness construct? Is it because
the effectiveness construct is invalid? Or perhaps the relevant observable variables have
not yet been discovered? We like to hope it is the latter and not the former. I plan to
discover (if any?) the set of relevant variables that define the effectiveness and the efficiency
construct and use the proposed statistical procedure in this manuscript for validation. I
will traverse the search space of variables and select various combinations of inputs z and
output y in the two-stage DEA model and create many more models of efficiency and
effectiveness. We then plan to run these new proposed model of efficiency and effectiveness
against our statistical procedure and find if any positive statistical correlations for some
country also holds for some other country? If we do find some consensus then perhaps
these x and y are the dimensions that define the efficiency and effectiveness constructs.
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Chapter 6

Conclusion

According to EMH, capital markets are informationally efficient, and stock prices fully
and correctly reflect the available information to the values of stocks. In this dissertation,
we present a statistical procedure of goodness that finds the best fit model whether the
correlation of financial measures is consistent with the efficiency and effectiveness scores?
Applying this statistical procedure to two case studies of Indian and U.S. banks may
demonstrate its practicality as a tool for analyzing financial measures and the relationship
among operational performance. My dissertation fills a void in the literature and provides a
statistical framework conditioned on the semi-strong EMH that future researchers can use
to validate their quantitative efficiency and effectiveness measures. We examine 28 Indian
banks from the period 2009 to 2013 and 43 American banks from the quarterly period of
2007 to 2015. Our general statistical procedure searches a family of functions and finds
the best model in some dimension. On the best fit model, we present all coefficients that
are statistically significant. We find results that are consistent with previous literature
that cost-minimizing efficiency is positively related to all three SHVC for American banks.
For Indian banks, we find the profit maximizing effectiveness is positively related to the
stock price and the market capital. However, we see no statistically significant relation
of efficiency and any shareholder value with Indian banks. This raises interesting side
question whether the current models of calculating efficiency on Indian banks is efficient
and a good metric to measure efficiency?
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APPENDICES

1 Detailed Case Study Results

In this section we present the results of our case studies in greater detail. We first present
the efficiency and effectiveness scores for the two different interpretations of efficiency
(cost minimization and profit maximization) and effectiveness (cost minimization and profit
maximization) of the two banking systems we consider, India and United States of America.
This makes a total of eight tables. Using this data, we present the output of our statistical
measure in subsequent sections.
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2009 2010 2011 2012 2013

Bankl | 1.0000 | 0.9868 | 1.0000 | 0.8477 | 0.2313
Bank2 | 0.9777 | 1.0000 | 1.0000 | 1.0000 | 0.9902
Bank3 | 0.9816 | 1.0000 | 1.0000 | 0.4478 | 0.4641
Bank4 | 1.0000 | 1.0000 | 1.0000 | 0.2579 | 0.3463
Bank5 | 0.9828 | 0.9448 | 0.9545 | 0.7021 | 0.7369
Bank6 | 0.9539 | 0.9377 | 1.0000 | 1.0000 | 1.0000
Bank7 | 0.9572 | 0.9587 | 0.9494 | 0.7186 | 0.8422
Bank8 | 0.9539 | 0.9357 | 0.9201 | 0.6185 | 0.6334
Bank9 | 0.9866 | 0.8900 | 0.9612 | 0.6695 | 0.4455
Bank10 | 0.9463 | 0.9737 | 0.9570 | 0.6228 | 0.6762
Bank11 | 0.9487 | 0.8680 | 0.9397 | 0.4831 | 0.5060
Bank12 | 1.0000 | 0.9382 | 1.0000 | 0.8161 | 0.5385
Bank13 | 1.0000 | 0.9501 | 1.0000 | 0.5057 | 0.5565
Bank14 | 0.9912 | 1.0000 | 1.0000 | 0.4958 | 0.6358
Bank15 | 0.9408 | 0.9246 | 0.9689 | 0.5849 | 0.5988
Bank16 | 0.9665 | 0.9314 | 0.9307 | 0.6862 | 0.8131
Bank17 | 0.9505 | 0.9712 | 0.9522 | 0.2199 | 0.1995
Bank18 | 0.9059 | 0.9806 | 0.9732 | 1.0000 | 1.0000
Bank19 | 0.8984 | 0.9630 | 1.0000 | 0.6281 | 0.7077
Bank20 | 0.9174 | 0.9291 | 1.0000 | 0.7833 | 0.9134
Bank21 | 0.9147 | 1.0000 | 0.9610 | 0.6182 | 0.6525
Bank22 | 0.9482 | 1.0000 | 0.9847 | 0.6209 | 0.6621
Bank23 | 0.9964 | 1.0000 | 1.0000 | 0.7720 | 0.7555
Bank24 | 0.8815 | 1.0000 | 1.0000 | 0.9890 | 1.0000
Bank25 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Bank26 | 1.0000 | 1.0000 | 1.0000 | 0.6967 | 0.6548
Bank27 | 0.9270 | 1.0000 | 1.0000 | 0.4827 | 0.2990
Bank28 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

Table 1: Indian Banks: Cost Minimization Efficiency Scores
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2009 2010 2011 2012 2013

Bankl | 1.0000 | 0.9868 | 1.0000 | 0.8477 | 0.4333
Bank2 | 0.9777 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Bank3 | 0.9816 | 1.0000 | 1.0000 | 0.6784 | 0.6784
Bank4 | 1.0000 | 1.0000 | 1.0000 | 0.3389 | 0.3833
Bank5 | 0.9828 | 0.9448 | 0.9545 | 0.7357 | 0.7369
Bank6 | 0.9539 | 0.9479 | 1.0000 | 1.0000 | 1.0000
Bank7 | 0.9572 | 0.9609 | 0.9767 | 0.8008 | 0.8422
Bank8 | 0.9854 | 0.9357 | 0.9201 | 0.6185 | 0.6334
Bank9 | 0.9866 | 0.8900 | 0.9612 | 0.6695 | 0.4455
Bank10 | 0.9463 | 0.9763 | 0.9620 | 0.6228 | 0.6762
Bank11 | 0.9487 | 0.8680 | 0.9397 | 0.4831 | 0.5060
Bank12 | 1.0000 | 0.9382 | 1.0000 | 0.8194 | 0.5385
Bank13 | 1.0000 | 0.9501 | 1.0000 | 0.5057 | 0.5565
Bank14 | 1.0000 | 1.0000 | 1.0000 | 0.5730 | 0.6358
Bank15 | 0.9443 | 0.9246 | 0.9689 | 0.5849 | 0.5988
Bank16 | 0.9665 | 0.9314 | 0.9307 | 0.6862 | 0.8131
Bank17 | 0.9677 | 0.9835 | 0.9522 | 0.2199 | 0.1995
Bank18 | 0.9059 | 0.9806 | 0.9968 | 1.0000 | 1.0000
Bank19 | 0.8984 | 0.9630 | 1.0000 | 0.6281 | 0.7077
Bank20 | 0.9174 | 0.9302 | 1.0000 | 0.7833 | 0.9134
Bank21 | 0.9147 | 1.0000 | 0.9610 | 0.6182 | 0.6525
Bank22 | 0.9482 | 1.0000 | 1.0000 | 0.7488 | 0.7280
Bank23 | 1.0000 | 1.0000 | 1.0000 | 0.8656 | 0.7719
Bank24 | 0.8815 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Bank25 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Bank26 | 1.0000 | 1.0000 | 1.0000 | 0.8405 | 0.6668
Bank27 | 0.9270 | 1.0000 | 1.0000 | 1.0000 | 0.2990
Bank28 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

Table 2: Indian Banks: Profit Maximization Efficiency Scores
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2009 2010 2011 2012 2013
Bankl | 0.7800 | 0.9015 | 0.9647 | 0.7992 | 0.9382
Bank2 | 1.0000 | 0.8831 | 1.0000 | 0.6310 | 0.9143
Bank3 | 0.9046 | 0.9396 | 0.9918 | 0.6142 | 0.8815
Bank4 | 0.9435 | 0.8745 | 0.9336 | 0.4566 | 0.8415
Bank5 | 0.8347 | 0.8933 | 0.9275 | 0.4535 | 0.8727
Bank6 | 0.9362 | 0.8957 | 0.9892 | 0.5140 | 0.8688
Bank7 | 0.8914 | 0.7896 | 0.8657 | 0.7179 | 0.7128
Bank8 | 0.9789 | 0.8226 | 0.8323 | 0.6680 | 0.8558
Bank9 | 0.8059 | 0.8618 | 0.9349 | 0.4361 | 0.8343
Bank10 | 0.9119 | 0.8510 | 0.8902 | 0.5038 | 0.8981
Bank11 | 0.8156 | 0.8423 | 0.9430 | 0.4179 | 0.8313
Bank12 | 0.8644 | 0.8518 | 0.9048 | 0.4456 | 0.8578
Bank13 | 0.7667 | 0.8160 | 0.9448 | 0.4467 | 0.8207
Bank14 | 0.9484 | 0.9542 | 0.9807 | 0.5687 | 0.8670
Bank15 | 0.9493 | 0.9562 | 0.8625 | 0.5315 | 0.8534
Bank16 | 0.9544 | 0.9337 | 1.0000 | 0.4383 | 0.8888
Bank17 | 0.9291 | 0.8960 | 0.9195 | 0.3989 | 0.9284
Bank18 | 0.9133 | 0.8806 | 0.9199 | 0.5979 | 0.8876
Bank19 | 0.8596 | 0.8471 | 0.9211 | 0.4684 | 0.9213
Bank20 | 0.8776 | 0.8329 | 0.9141 | 0.3921 | 0.8578
Bank21 | 0.9996 | 1.0000 | 0.9334 | 0.4434 | 0.8607
Bank22 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Bank23 | 0.9482 | 0.6626 | 1.0000 | 0.5370 | 0.8983
Bank24 | 0.9425 | 0.8935 | 0.7107 | 0.4162 | 0.9537
Bank25 | 1.0000 | 0.9592 | 1.0000 | 0.6011 | 0.9437
Bank26 | 0.9811 | 1.0000 | 0.9943 | 0.5829 | 0.9272
Bank27 | 0.9400 | 0.8926 | 0.9493 | 1.0000 | 1.0000
Bank28 | 1.0000 | 0.9159 | 0.9541 | 0.7773 | 1.0000

Table 3: Indian Banks: Cost Minimization Effectiveness Scores
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2009 2010 2011 2012 2013
Bankl | 0.7814 | 0.9015 | 0.9647 | 0.7992 | 1.0000
Bank2 | 1.0000 | 0.9035 | 1.0000 | 0.6310 | 1.0000
Bank3 | 0.9046 | 0.9735 | 0.9920 | 0.7869 | 1.0000
Bank4 | 0.9732 | 0.9246 | 0.9354 | 0.6090 | 0.9055
Bank5 | 0.8347 | 0.8938 | 0.9275 | 0.4559 | 0.8727
Bank6 | 0.9463 | 1.0000 | 1.0000 | 0.5149 | 0.8995
Bank7 | 0.9028 | 0.9597 | 1.0000 | 0.7268 | 0.7553
Bank8 | 1.0000 | 0.8247 | 0.8323 | 0.6680 | 0.8650
Bank9 | 0.8059 | 0.8618 | 0.9349 | 0.4361 | 0.8451

Bank10 | 0.9129 | 0.9064 | 0.9030 | 0.5038 | 0.9009

Bank11 | 0.8156 | 0.8423 | 0.9430 | 0.4179 | 0.8313

Bank12 | 0.8644 | 0.8624 | 0.9048 | 0.4456 | 0.8619

Bank13 | 0.7667 | 0.8160 | 0.9448 | 0.4467 | 0.8207

Bank14 | 1.0000 | 1.0000 | 0.9997 | 0.5724 | 0.9051

Bank15 | 0.9590 | 0.9562 | 0.8625 | 0.5315 | 0.8534

Bank16 | 0.9544 | 0.9371 | 1.0000 | 0.4383 | 0.8918

Bank17 | 0.9713 | 0.9689 | 0.9195 | 0.3989 | 0.9284

Bank18 | 0.9133 | 0.8808 | 0.9340 | 0.5980 | 0.9223

Bank19 | 0.8596 | 0.8471 | 0.9211 | 0.4684 | 0.9532

Bank20 | 0.8869 | 0.8587 | 0.9141 | 0.3921 | 0.8578

Bank21 | 0.9996 | 1.0000 | 0.9334 | 0.4434 | 0.8607

Bank22 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

Bank23 | 0.9509 | 0.6626 | 1.0000 | 0.5537 | 0.9400

Bank24 | 0.9425 | 0.9315 | 0.7107 | 0.6160 | 0.9973

Bank25 | 1.0000 | 1.0000 | 1.0000 | 0.6011 | 0.9476

Bank26 | 1.0000 | 1.0000 | 1.0000 | 0.5882 | 0.9674

Bank27 | 0.9400 | 0.9542 | 0.9493 | 1.0000 | 1.0000

Bank28 | 1.0000 | 0.9200 | 0.9566 | 0.8014 | 1.0000

Table 4: Indian Banks: Profit Maximization Effectiveness Scores
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1.1 Orientation 1: Cost Minimization Efficiency and Cost Mini-
mization Effectiveness:

Est. TobinQ Est. Market Cap Est. Stock-price

(Tntercept)  0.2523  206000000.0000%* 14.643
Ef fi, 1.9237 63100000.0000 23.926
Ef fiy, 0.0514 12500000.0000 -10.501
Ef firs -0.6034 44.699
Effe, -0.5813 -53800000.0000 -33.595
Effe, -17300000.0000
Effers 10046 -121000000.0000* 22.755

Table 9: American Banks: Three different financial measures against Cost Minimizing
Efficiency and Cost Minimizing Effectiveness. Financial Measures recorded one day before
release of public information.

Est. TobinQ Est. Market Cap  Est. Stock-price

(Intercept) -0.3487 140000000.0000* 37.923
Effi 1.9268*** -2660000.0000 70.871%
Effe -1.3270%%*F*  _150000000.0000**** -83.856*F**

Table 10: American Banks: Three different financial measures against Cost Minimizing
Efficiency and Cost Minimizing Effectiveness. Financial Measures recorded same day as
release of public information.

Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) 3.6225 84000000.0000 -689.81
Effi -0.4918 12000000.0000 -99.605
Effe, 0.7782 75100000.0000* 248.8

Table 11: Indian Banks: Three different financial measures against Cost Minimizing Ef-
ficiency and Cost Minimizing Effectiveness. Financial Measures recorded one day before
release of public information.
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Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) 1.4474%* -25900000.0000 233.23*%*
Effi, -0.3824 30400000.0000 -74.174
Effe, -0.1139 20300000.0000 115.09

Table 12: Indian Banks: Three different financial measures against Cost Minimizing Ef-
ficiency and Cost Minimizing Effectiveness. Financial measures recorded on same day as
release of public information.

1.2 Orientation 2: Cost Minimization Efficiency and Profit Max-
imization Effectiveness:

Est. TobinQ  Est. Market Cap  Est. Stock-price

(Intercept) -3.8076% %% 2220000000000 766.627
Ef fi, 2.1381 88600000.0000 38.515
Effir, 0.7093 84300000.0000 5.1258
Effirs -51000000.0000 61.047
Effe, 1.5145% 149000000.0000%* 18.684
Effeis 0.7922 76600000.0000
Effers 8.0651

Table 13: American Banks: Three different financial measures against Cost Minimizing
Efficiency and Profit Maximizing Effectiveness. Financial Measures recorded one day before
release of public information.

Est. TobinQ  Est. Market Cap  Est. Stock-price

(Intercept) -4.0233****  -221000000.0000* -65.468*
Effi 3.1886%*** 125000000.0000 113.68%***
Effe 1.8129%***  157000000.0000**** -0.30117

Table 14: American Banks: Three different financial measures against Cost Minimizing
Efficiency and Profit Maximizing Effectiveness. Financial Measures recorded on same day
release of public information.
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Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) 23510 76400000.0000% 859.95
Ef fi, 0.5158 13000000.0000 117.91
Effir_s 0.0968 5.5316
Ef firs -2.3016 -38400000.0000 442.49
Effe, 0.9656  69800000.0000%* 337.48*

Table 15: Indian Banks: Three different financial measures against Cost Minimizing Effi-
ciency and Profit Maximizing Effectiveness. Financial Measures recorded one day before
release of public information.

Est. Tobin@Q Est. Market Cap Est. Stock-price

(Intercept) 1.2138* -29300000.0000 165.76
Effi, -0.5071 29400000.0000 -104.31
Effe, 0.2856 24900000.0000 221.64

Table 16: Indian Banks: Three different financial measures against Cost Minimizing Ef-
ficiency and Profit Maximizing Effectiveness. Financial Measures recorded on same day
release of public information.

1.3 Orientation 3: Profit Maximization Efficiency and Cost Min-
imization Effectiveness:

Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) -0.9776 96800000.0000 38.681
Effi 3.3073 181000000.0000 44.892
Effe, -0.4772 -46000000.0000 -31.74

Table 17: American Banks: Three different financial measures against Profit Maximizing
Efficiency and Cost Minimizing Effectiveness. Financial Measures recorded one day before
release of public information.

Est. TobinQ Est. Market Cap Est. Stock-price
(Intercept) -1.4730% 40500000.0000 32.459
Effi 3.0289%F* 94600000.0000 76.36*
Effe -1.2317%%% _138000000.0000***** -84.686****

Table 18: American Banks: Three different financial measures against Profit Maximizing
Efficiency and Cost Minimizing Effectiveness. Financial Measures recorded on same day
release of public information..
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Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept)  1.6999 52700000.0000 10404
Ef fi, -0.5864 8870000.0000 -80.363
Effip, 0.1761 -3040000.0000
Effirs 0.8368 1132.6
Effe, 0.7528 75000000.0000* 224.73
Effeis 0.4815 48400000.0000 271.44

Table 19: Indian Banks: Three different financial measures against Profit Maximizing
Efficiency and Cost Minimizing Effectiveness. Financial Measures recorded one day before
release of public information.

Est. Tobin@Q Est. Market Cap Est. Stock-price

(Intercept) 1.4900* -27200000.0000 220.29
Effi -0.4547 31600000.0000 -42.768
Effii 1761 -3040000.0000 4.8029
Effe -0.0829 20000000.0000 99.315

Table 20: Indian Banks: Three different financial measures against Profit Maximizing
Efficiency and Cost Minimizing Effectiveness. Financial Data recorded on same day release
of public information.

1.4 Orientation 4: Profit Maximization Efficiency and Profit
Maximization Effectiveness:

Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) -4.3763****  -278000000.0000**** -65.57
Effi 3.1731*% 171000000.0000 53.543
Effiy_s -0.9842 -113000000.0000 44.46
Effe 1.5250* 152000000.0000*
Effers 0.7009 69800000.0000 220,748

Table 21: American Banks: Three different financial measures against Profit Maximizing
Efficiency and Profit Maximizing Effectiveness. Financial data recorded one day before
release of public information
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Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept)  -4.5461%F**  -273000000.0000**** -65.325
Effi 3.8625%***  184000000.0000%*** 118.08*#**
Effe 1.6338****  151000000.0000**** -7.3591

Table 22: American Banks: Three different financial measures against Profit Maximizing
Efficiency and Profit Maximizing Effectiveness. Financial data recorded on same day as
release of public information.

Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) 0.2663 33800000.0000 -1234
Effi -0.6160 11700000.0000 -112.16
Effe, 0.9162 67000000.0000 318.29

Table 23: Indian Banks: Three different financial measures against Profit Maximizing
Efficiency and Profit Maximizing Effectiveness. Financial Measures recorded one day before
release of public information.

Est. TobinQ Est. Market Cap Est. Stock-price

(Intercept) 1.2659* -30000000.0000 156.78
Effi, -0.6108 30300000.0000 -83.453
Effes 0.3389 24200000.0000 212.79

Table 24: Indian Banks: Three different financial measures against Profit Maximizing
Efficiency and Profit Maximizing Effectiveness. Financial Data recorded on same day
release of public information.
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