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Περίληψη

Η παρούσα εργασία χωρίζεται σε δύο μέρη. Πρώτα, εΦαρμόζει τους αλγορίθμους που

πρότειναν αρχικά οι Simar και Wilson (2007) και κατασκευάζει μία πλήρη συναρτήσεις για

κάθε έναν από αυτούς στη γλώσσα προγραμματισμού R. Το μοντέλο που χρησιμοποιούν

αυτοί οι αλγόριθμοι είναι ένα μοντέλο DΕΑ δύο σταδίων διπλής Bootstrap. Αρχικά

αποτελείτε από δύο στάδια. Το πρώτο είναι αυτό στο οποίο πραγματοποιείταιη DΕΑ και το

δεύτερο είναι η ανάλυση παλινδρόμησης.Το πρώτο στάδιο είναι αρκετά απλό αΦού η μόνη

εκτίμηση που κάνει είναι για την αποτελεσματικότηταενώ το δεύτερο αποτελείτε είτε από

μία είτε από δύο στάδια bootstrap. Στην περίπτωσητου Algorithm #2 που χρησιμοποιεί

διπλή bootstrap, στον πρώτο βρόχο υπολογίζειτη μεροληψία και της αποτελεσματικότητας

και υπολονίζειξανά τις διορθωμένεςνια μεροληψίααποτελεσματικότητες.Μετά συνεχίζει

με τη δεύτερη bootstrap όπου κάποιεςσυνδιακυμάνσειςπαλινδρομούνταιπάνω στις

εκτιμημένεςδιορθωμένεςνια μεροληψίααποτελεσματικότητεςνια να εξετάσουμετην

επίδρασήτους πάνω σΙ αυτές. Το δεύτερο μέρος είναι η οικονομικήεΦαρμονήπου

βασίζεταισ' αυτά τα μοντέλα. Η επίδρασηπου έχουν τα έξοδα διαΦήμισηςκαι

επικοινωνίαςστην αποτελεσματικότητατων τραπεζών στις H.n.A. εξετάζεται και

αποκαλύmει κάποια ενδιαΦέροντα αποτελέσματα. Τα τελικά αποτελέσματα υποδεικνύουν

ότι μια τράπεζα θα πρέπει να συνεχίζει να ξοδεύει χρήματα στη διαΦήμιση και τις

επικοινωνίες μέχρι να Φτάσει στο επίπεδο που η αναποτελεσματικότητά της θα αρχίσει να

χρησιμοποιείτε νια να ελαπώνεται.

Abstract

The present thesis has two parts. Firstly, it implements the algorithms originally suggested

by 5imar and Wilson (2007) and constructs a full functions for each one of them in the

programming language R. The model that these algorithms use is a two-stage double

bootstrap DEA. It consists primarily of two stages. The first one is where the ΟΕΑ procedure

takes place and the second one is the regression analysis. The first stage is quite simple as

the on1y estimation is for the efficiency scores, while the second one consists of either one

ΟΓ two bootstrap stages. In the case of Algorithm #2 that makes use of a double-bootstrap,in

the fιrst lοορ it estimates the bias of the efficiency scores and computes again the bias·

corrected efficiencies. Then it continues with the second bootstrap where some covariates

are regressed on the estimated bias-corrected effιciencies ίη order to examine the effect

they have οη them. The second part is the economic application based οη these models. The

effect that the advertising and communications expense have υροη the efficiency of the

banks operating in υ.5. is tested, yielding some interesting results. The fιnal results indicate

that a bank should keep spending money for advertising and communications until they

reach the turning point where the bank's ineffιciencywill start to decline.

Key words: algorithms, efficiency, two-stage ΟΕΑ, double-bootstrap, R, banks
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1. Introduction

1.1. Summary of Proposal

The present thesis has two primary goals. The first goal is to construct the two algorithms

described by Simar and Wi1son (2.007) and the second one is the economic app1ication using

these algorithms.

The first algorithm uses a two-stage semi-parametric bootstrap model that firstly computes

the efficiencγscores using Data Envelopment Analysis (ΟΕΑ) making use of some ϊηρυΙ and

output variables and the second stage uses truncated regression Ιο estimate the Jmpact of

some external variables υροη these efficiencies.

The second algorithm uses a two-stage semi-parametric double bootstrap model that is

exactly 1ike the first algorithm; however, after the calculation of the efficiency scores, a

bootstrap lοορ is used to re-estimate the efficiencies but this time remoνing the bias. The

second stage, as ίη the first algorithm, regress some external variables upon the bias

correeted efficiencies.

After the construction of the two algorithms, a data sample with various variables for Banks

operating ίη υ.5. is used for the economic app1ication. The main subject here is to determine

how the Advertising and Communications expense of the banks affeet their efficiency.

1.2. Research Questionsj Goals

There are two main reasons why this specific research topic was chosen. The algorithms

described by 5imar and Wilson (2.007) are quite popular around the 1iterature and they have

been used ίη many app1ications οη the field of produetion economics (Halkos and Tzeremes,

2.013), (Alexander et. a1., 2010), (Keramidou and Mimis, 2.011), (latruffe et al., 2008),

(Wijesiri et al., 2015), (lee and Worthington, 2.014). There are many programming languages

and a great variety of packages that one can use to build these algorithms step by step but

this can take time, depending οη the complexity of the procedure. However, there is not yet

an integrated package ΟΓ a single function to do this, ίη spite of the great interest around the

topic.

50, the first goal is the construetion of a full integrated fundion for each algorithm provided

by 5imar and Wi1son (2007), so everyone can make use of it and take advantage of the direct

use instead of trying to bui1d each step οη hisjher own. The algorithms are written ίη the

programming language R, as it is an open source language and can be used from everyone

without restrictions.

About the second part, the economic application, many studies have been done by

researcher about the banks' perfonτιance (Jackson and Fethi, 2000), (ΑIΥ et a1., 1990),

(Hughes and Mester, 2008), (Weill, 2.004). However, ηο one has study the impact of

advertising and communications expense of the banks οη their technical efficiency yet.
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Τhus, these two research questions are about to be answered here. How the advertising as

well as the communication eχpenses of the American banks affeets their technical efficiency.

2. Literature Review

2.1. Literature οπ Methods

2.1.1. ΟΕΑ

Τhe method we usually use to measure the performance and estimate the efficiency of

different entities is called Data Envelopment Analysis (DEA). Τhis is a mathematical

programming technique that has been explicitly used for about 30 years now. Gattoufi et al.

(2004) provide a verγ comprehensive list with the literature of ΟΕΑ since these yeas.

Ιπ a production process, a firm tries to transform its inputs into outputs. Due to the

increasingly competitive environment that the companies and the organizations ίη general

operate, everγone has to be competitive enough to cope with their competitors. From

economic perspective, there are two ways for an organization to be more efficient and thus

more competitive. The first one is trγing to minimize their cost (inputs) given a certain

expected level of output. Τhese cost minimization strategies are mostly followed by

organizations ίπ seetors that uncertainty plays a crucial role. Α representative example is the

agricultural seetor where exogenous, like environmental factors, can definitely affeet the

production and at the same time these factors cannot be fully (or ίπ some situations not at

all) controlled by the organizations but they surely affect they inputs and outputs. The other

strategy that can be followed is the one that the goal is to maximize the outcome (outputs)

ΟΓ more generally the effeetiveness of the organization, given a certain level of inputs.

Each organization has to take a critical decision about the level of inputs they will use to

reach a certain level of output ΟΓ the way that they will handle their given inputs to reach

the maximum level of outputs.ln both strategies, the final goal is to maximize the efficiency.

ΙΠ a decision making problem lίke this, each organization is called a Decision Making Unit

(DMU).

It's clear that the inputs are mostly under the control of the DMUs but there are some other

environmental variables that also affect the production process. The difference here is that

these variables usually affect the inputs and the outputs too, so the DMU has less control

over the production process.

The most common way to measure efficiencγ is constructing a cost funetion made from the

cost/effectiveness ratio resulted from the combination of many different input and output

variables. As ίπ most of the times is not easy to have the same measure for cost at everγ

input variable ΟΓ the same measure for effeetiveness at everγ output variable, it is preferred

to define the efficiencγscores as the outputjinput ratio. This is what Charnes, Cooper and

Rhodes used to measure the relative efficiency of a DMU. Τwo definίtions of efficiency

provided by Charnes, Cooper and Rhodes are given below:

Extended Pareto·Koopmans Efficiency: Α fully efficient ΟΜυ is a ΟΜυ that cannot improve

any of its inputs ΟΓ outputs without worsening any of the other inputs ΟΓ outputs.
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Relative Efficiencγ: Α DMU is fully efficient if and only if, based οη the available information;

there are ηο other DMUs that perform better showing that the focused one can improve its

inputs ΟΓ outputs without worsening any of it inputs ΟΓ outputs.

The first DΕΑ model was presented by Charnes, Cooper and Rhodes (CCR) ίη the 1970s

following the work of Farrell (1957) who made the inception of DEA.

Except of the introduction of the DΕΑ idea, Farrell also distinguished the different kinds of

efficiencies. He separated "technical efficiency" from other kinds of efficiencies lίke

"allocative", "scale" ΟΓ "scope" efficiencγ.

There are many different models, many different definitions of what we mean by

"efficiency", various assumptions and for each of those variants it takes lίnes of

mathematical and graphical explanations for the reader Ιο understand this huge topic. As

the subject of this thesis is not the DΕΑ models ίη particular and also for space saving

reasons, the different models are ηοΙ explained further here. The reader who is interested ίη

more details can take a l00k at Cooper, Seiford and Zhu (2011).

The two basic ΟΕΑ models are the so called CCR (Charnes et al. 1978) and BCC (Banker et al.

1984). For each of those models there are both input and output oriented versions. The

difference between CCR and BCC model is that the first one allows Returns Το 5cale (RT5) to

be only Constant Returns Ιο Scale (CR5). The BCC model has one extra constraint that allows

it Ιο evaluate for Variable Returns to Scale (VRS) including increasing, constant and

decreasing returns.

The boundary of the production possibility set Ρ is called the technology ΟΓ the production

frontier. The firms that lίe οη this boundarγ are the technical efficient firms while those that

operate ίη the interior of Ρ, are the technical inefficient firms.

2.1.2. Two Stage DΕΑ

The two-stage approach is widely popular ίη the lίterature of ΟΕΑ as ίι has been used ίη

many published studies and working papers. Ιη a typical two·stage DΕΑ model the efficiency

scores are calculated ίη the first stage and then the estimated efficiencies are regressed οη

some covariates. Different variations of the two-stage DΕΑ model also exist as ίη some

studies, functions of the estimated efficiencies lίke ratios, Malmquist indices ΟΓ other

transformations (e.g. l0garίthmίc) are regressed υροη the covariates instead of the efficiency

scores itself ίη the second stage.

Other variations suggest different regression methods lίke OL5, censored (Tobit) ΟΓ

truncated models.

The application of a censored model seems logical because of the nature of the DΕΑ

estimations of the efficiencies ίη the first stage. The argument behind this is that ίι tends to

have many efficiencγ scores equal to one by construction. For many researchers this is a fact

that makes these estimates Ιο be censored whereas for some others this issue is not taken
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into account and a simple OlS model ί> used. The problem that arises here ί> that if one

assumes that the estimated efficiencies indeed tend to have many values equal to one, the

results from the OΙS are biased but ίη most of the studies, researchers take this property

into account and instead use a censored (usually tobit) model (ΑΙΥ et al., 1990), (Jackson and

Fethi,2000).

As Simar and Wίlson (2007) report, another serious problem ίη the two-stage ΟΕΑ models

that ίη most of the cases arises ί> that the efficiency estimates are serially correlated. The

reason why this happens comes from the fact that the existence of a DMU Iying οη the

estimated frontier, affects the efficiency score of the other DMUs. This problem of serial

correlation of estimated efficiencies from the DΕΑ approach ί> logical as these estimates are

based οη the estimated frontier that ί> not the true unobserνedone, as the maximum

efficiency score ί> attached to the relatively most efficient DMU given a particular sample.

This can also cause serial correlation ίη the estimated residuals from the OlS method ίη the

second stage.

These are some of the most serious and usual problems ίη the context of the two-stage ΟΕΑ

models but they can be treated ίη one way ΟΓ another. Another very important issue ί> the

Data Generating Process (DGP) of the efficiencies estimated from the DEA. Because of the

non-parametric maximum likelihood nature of the estimated frontier, ί> necessary to

describe how the unobserved true frontier, and therefore the estimated one, ί> derived.

Without specifγingthis DGP, any results coming from a two-stage DΕΑ ί> meaningless. For

this reason, Simar and Wίlson (2007) described the first consistent DGP ever done for such

models ίη order to make inference about the results. This DGP ί> given also here (1).

2.1.3. Bootstrap

The bootstrap is a nonparametric simulation method relevant to the parametric Monde

Carlo. Therefore, one doesn't have to know the distribution of the population as ίη the

parametric methods. The bootstrap is a very useful simulation tool based οη the resampling

method that ί> widely used to construet confidence interνals and calculate standard errors

for the statistics of interest.

Usually, one uses an estimation of a statistic θ to estimate the population parameter θ but

ίη most of the cases the sampling distributions ί> unknown. Ιη cases lίke this we can use the

bootstrap distribution to approximate the actual sampling distribution.

The bootstrap procedure ί> very simple. We randomly draw n observations with

replacement from the obserνed data set, where n is the number of observations that the

initial observed data set includes. We keep doing many times (l times) this until we create l

data set simulations and then for each one of them we calculate a statistic named bootstrap

estimation θ!- so that the distribution of the bootstrapped estimations simulated the

sampling distribution. Next we can use these simulated estimates to define confidence

interνals ΟΓ calculate statistics like the mean and the standard deviation. More detaίls about

bootstrap and DΕΑ are given ίη the next sections whίle the process of the analysis wίll go on.
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2.2. Literature οη Τορί,

2.2.Ι. Banks' Performance and TechnicaI Efficiency

The crucial role that the banks play ίη the economy. especially when a crisis ΟΓ difficult

situations <ΙΓε faced. makes it a hot topic for research and further investigation. As banks <ΙΓε

the greatest financial intermediations they differ from different types of firms. 50, is not only

about the impact that the banks' choices have upon the whole word, but the internal

performance of the bank itself as <ιη organization is νεrγ important. Α potential bankruptcγ

of a bank due to bad performance is a fact that would have horrible consequences οη the

whole economy, as happened many times before ίη the historγ.

The usage of ΟΕΑ to measure the efficiencγof the banks is νεrγ common among the

literature. Οηε of the advantages is that it doesn't require the use of prices as other

methods and only makes use of various inputs and outputs. This is indeed νεrγ useful as it is

νεrγ hard to find prices for the inputs and outputs that a bank uses. There is a great debate

about whether the choices of a bank affect its risk ΟΓ ηοΙ Ιη other words. <ΙΓε the banks

operates under the manager's decisions ΟΓ the owner's? The managers' decisions and their

effect οη the efficiency of the banks is something that is under focused investigation the

recent years.

Many researchers have investigate the banking efficiencγ, some of these studies are

(Jackson and Fethi, 2000), (Weill, ), (Berger and Mester, 2003). ΤΟ mention some of them,

Tahir et <ι1. (2009), studied the Malaysian banks' efficiencγ for the years 2000-2006 and

found that for the years 2005-2006 banks have easier access to bettertechnologies and

different environmental and this fact makes them perform more efficient than the previous

years. Hughes and Mester (2008) provide some simple explanations about the efficiency ίη

banking, explaining the theorγ behind the bank's performance, the models that are used to

measure their efficiency and some interesting results from empirical studies.

Although various kinds of efficiencies like allocative ΟΓ scale efficiencγ are usually studied.

our focus here is strictly οη the technical efficiencγ of a bank and especially οη the effect

that some environmental variables that banks faces (advertising and communications

expense) have οη them.

3. Methodology

3.1. Theoretical and Statistical Approach

Ιη this section are demonstrated the statistical model and the necessarγ assumptions for the

models and the algorithms that follow.

Firstly, let's describe the variables that are used here. The input variables can be

represented as a p-dimensional matrix (n χ Ρ) that takes non-negative real values as

χ = (Χι,Χι .... ,Χρ) Ε R~ whereeachxj υ = 1, .... ρ) isavectorwithnobservations. The

output variables can be represented as a q-dimensional matrix (n χ q) that takes also non­

negative real values as Υ = (Υι, Υι ..... Υρ) Ε R~ where each Yj υ = 1, ... , q) is a vector
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with n obserνations. The environmental variables can be described as an r-dimensional

matrix (n χ τ) that takes real values Ζ = (Ζι, Ζ2, ... , ΖΓ) ε ΗΓ where each Zj υ = ι, ... , τ) is

a vector with n obserνations and has πο further restrictions as the two previous vectors had.

LΠ addition, ρ, q and Γ denote the number of ίπρυΙ, ουΙρυΙand environmental variables

respectively.

3.1.1. Theoretical Approach

Ιπ order Ιο continue, ίι is necessary Ιο set some basic but essential assumptions of the

statistical model. The fίrst assumption is about Ιο define the semi·parametric DGP. The rest

ofthe assumptions are about Ιο describe ίπ detaίls the DGP.

This process is the one that generates the data ίπ φπ.Τhe equation below is the one that

describes the Data Generating Process (DGP) from which the obserνationset φπ. =

(Χι,Υι,Ζι)},=ι is defίned.

(1)

lπ order Ιο make this sequence understandable, (1) is interpreted here from right Ιο left:

Consider the firm ί facing the environmental variables Ζι. These variables are drawn from

{('ι)·

Given these environmental variables, the firm faces an efficiency level δ!. Thus, the

efficienc.γof a firm is somehow based οπ some variables Ζι. Ιπ other words, these

environmental variables have an effect οπ the efficiency of the firmt
• This efficiency δι is

drawn from [(διIΖι).

The ίπρυΙ Χι as well as a part of the ουΙρυΙ variables, the angle ηι 2 that the firm faces Ίs

based οπ the environmental variables Ζι and the efficiency level δι. Notice that while the

firm has the control of its inputs, they are also restricted by some environmental variable

and the efficiency level. Οπ the other hand, the outputs are party under the control of the

firm (Iet's say οπlΥ the 111 part) and under some constrains (δι andzI), as a part of Υ, (the

efficienc.γ leveΙ δι) is anyway produced as the outcome of the environmental variables'

impact. The χι and J?: are drawn from [(Χ"ηιlδι,2'ι).

This procedure resutts ίπ [(Χι, ηι, δι. Ζι) which is equivalent Ιο [(Χι,Υι, Ζι) after the

transformation of the polar coordinates (ηl, δι) Ιο Cartesian coordinates (Υι)·

The two·stage model presented here has Ιο be statistically consistent ίπ both the first and

the second stage and also be consistent with the economic theory.

We can categorize the rest 8 assumptions ίπ 3 main categories. The assumptions Α1-Α3 are

used Ιο ensure the proρertiesof the environmental variables ίπ the model (consΊStency of

ι Ιπ ουΓ case this is the effect of advertising and communications eltpense ση the efficiency of the
banks.
) For an eκplicit explanation about the nature οfηι and δι, see the Appendix.
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the second stage estimators). The assumptions Α4-Α6 cover the classical microeconomic

theoIΎ assumptions while the assumptions Α7-Α8 are used to assure the consistency of the

ΟΕΑ estimators that appear in the first stage. These 8 assumptions are presented below in

more details:

ΑΙ. The input Χ, output Υ, and environmental 2 variables are identically, independently

distributed (iid) random variables with probability density function (pdf) {(Χ, Υ, 2).

Ρ = {(Χ,Υ)ΙΧ can produce Υ) iS the production set where Ρ c R~+q.

Moreover, we can say that {(Χ, Υ, Ζ) has support over Ρ χ Rr .

The overall meaning of this assumption iS that the produetion set Ρ, and therefore it's

boundarγ, iS defined only by the inputs and outputs (Ρ c H~-"-:;I. though the last line

explains that the environmental variables have an impaet on Ρ too (Ρ χ Rr ), but ίη a

different way that iS explained ίη the next assumption.

Α2. The way that the efficiency level δι iS created given the environmental variables Ζι,

meaning the generation of {(δι IΖι) ίη (1) is given by the following mechanism.

(2)

In this formation, Ψ is a smooth, continuous funetion, β is the veetor of parameters and ει is

the error term which is an identically, independently distributed (iid) random variable

independent of Ζί.

The assumptίon simply explains the way that Ζι interacts with δι, and given the function Ψ it

is practically implemented with the regression ίη the second-stage. It also makes clear that

the way that Ζί affects Ρ has nothing to do with the Produetion Possibility Funetion (PPF)

that is represented by the frontier of Ρ as ΑΙ indicates, but the only effeet it has is υροη the

efficiency score δι of each DMU.

Together, assumptions ΑΙ and Α2 imply to a separability condition about the production set

Ρ and the effect of Ζ οη δ3 and so the dependence between Υ and Ζ that arises by the DGP

in (1).

3 Alternative formulations about the production possibility set can be made including an

extra constraint about Ζ and take it into account in the first-stage of linear programming

(DEA). In this case, Ζ influences the boundaIΎ surface ίη contrast with our assumption where

it affects only the mean and variance of the efficiencies. Ιη addition, ίη the case that Ζ

influences the boundary surface there iS no reason to proceed in the second-stage. Model

lίke this are discussed by Coelli et al. (1998).
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( "'Α3. The error term Ei ίπ (2) is distributed Ν _ο, σ;.ι wIth each ί element of ε! to be selected

with left truncation at 1 - ψ(Ζί,β).

Ιπ this assumptIon two choices are made. The first one is about the distribution of Ει and the

second οηε iS about the form of ψ(ο). Α full parametrIc method for truncated regression is

assumed here as both of the two elements mentioned before are specified but other fonns

are possible too4
•

Α4. χ(Υ) = {ΧΙ (Χ, Υ) ε Ρ J and Υ(Χ) = {ΥΙ(Χ, Υ) ε Ρ} are closed and convex for everγ

Υ Ε R1, and bounded for everγχ ε R~ respectively. Thus, Ρ is also closed and coπνεχ as

the consideration for both Χ(Υ) and Υ(Χ) implies the knowledge of Ρ and vice versa.

This assumptions simply explains that Ρ is defined by the combinations of both Χ and Υ,

(Χ,Υ) while at the same time the inputs of a firm are restricted by its outputs and vice versa.

This is the assumptions about Ρ as described by 5hephard (1970) and Fare (1988).

AS. (Χ, Υ) Ε Ρ if χ = ο, Υ ~ Ο

This assumption means that there are no "free lunches", so there cannot be any leνel of

production without the use of some inputs.

Α6. If (Χ. Υ) Ε Ρ, then (Χ, Υ) Ε Ρ and (χ,Υ) Ε Ρ, wherex > Χ and Υ$" Υ.

This is the "free disposability" assumption and means that the inputs and outputs are

strongly disposable. 50 that a firm may not fully utilizes its inputs. Equivalently in technical

terms it is an assumption of monotonicity of the technology.

Α7. {(Χ, ΥΙΖ) is strictly positive and continuous in the interior of Ρ for all Ζ, for all (Χ, Υ) Ε Ρ

such that (ο-lΧ,Υ) e: Ρ and (Χι θΥ) Ε Ρ fοrθ > 1.

Τhis assumption implies the consistencγof the estimator of Ρ. Qne could give a free

description of the meaning of this assumption, as any point (Χ, Υ) that is weighted as

described above and so lίes outside the frontier, does not belong to Ρ. This, as well as the

following assumption are based on Kneip et aΙ (1998) but adjusted to cover the

environmental variables Ζ.

Α8. δ(Χ,ΥIΡ) is differentiable in both χ and Υ for all (Χ,Υ).

4 leave the distribution of ει unspecified and employ the semi-parametric form of truncated
regression (Honore and Powell, 1994) ΟΓ leaνe the function ψ(.) unspecified too and employ the non­
parametric method for truncated regression (lewbel and linton, 2002).

11
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3.1.2. Statistical Approach

(4)

(3)

(5)

(6)

5 This is a stronger assumption than is typically required as Kneip et al. (1998) require only

lipschitz continuity for the distance function.

Replacing the equation (3) ίη (al) one can construct the Farrell efficiency measure estimator

δ ίη terms of lίnear programming as:

Α problem that appears with the non-parametrIc methods is the low rate of convergence

that causes problems as is explained later. Ιη this case, δι has a very l0w rate of convergence

as typically the non-parametric estimators have.

which is the empirical expression of (4).

ί' = ((Χ,Υ)ΙΥ'; Yq,x" Xq,x'q ~ 1, q ε H~

δ, = δ(Χ"Υ,IΡ) ~ SUΡ{δl(χ"δΥ,) ε Ρ,δ > Ο}

We define the measure of output technical efficIency δι for a particular point (DMU)

(Χι.Υι) Ε R~+q as following (Farrell, 1957):

Where q denotes an (n χ 1) vector of intensity variables, i is the unit vector (n χ 1) and

the capitalletters Χ and Υ denote the obseIVation sets ofχ and Υ equivalently. It has been

proved by Korostelev et al. (1995) that Ρ is a consistent estimator of Ρ under assumptions

Α1-Α8.

Where for every (Χι,Υι) Ε Ρ, there is a function δ(Χι,ΥιIΡ) > 1 that measures the

Euclidean distance from this point to the boundarγof Ρ. Referring to the output oriented

ΟΕΑ, the direction of measurement (technical efficiency) is parallel to the output axes and

orthogonal to the input axes, while referring to the input oriented model the directIon of

measurement is reversed.

Using the observation set φη, one can estimate the productIon set Ρ with the following

estimator Ρ:

This is an assumption about the smoothness of the frontier and it indicates that the

estimator of δι is consistent if the probability to observe a firm ίη the neighborhood of any

point οη the frontier is equal to 1 as the sample increases ίη size. $0 the boundary lίne to be

smooth, continuous and thus differentiable ίη any point5
•
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(8)

This regression willlead to the estimation of β and the residuals ξι. This is the statistical

context behind the estimation of the coefficient estimators β using truncated regression in

the step [2] in both Algorithm #1 and Algorithm #2.

δι = ΖιΡ + ξι:? 1

One can estimates β ίπ (2) with maximum lίkelίhood specifying the function ΨΟ. Α typical

form for this function is simply ψ(Ζι,β) = Ζ,ρ. This makes (2) to take the following specific

form:

As the theoretical efficiency δι is unknown, one computes an estimation of this using DEA.

This can be simply done using the obserνed inputs and outputs (Χι,Υί) in Ψη in (3) and (5)

yielding δι. Then, in the second-stage one can regress the obserνed Ζι on the estimated δι

as shown in (8).

The kind of regression that is used here for the estimation of (7) is the truncated regression

for reasons that are described in (Simar and Wilson, 2007). In most of the cases before Simar

and Wilson present this model, the regression method that were used was a censored

(Tobit) model ΟΓ sometimes a simple OLS. In the paper mentioned above, Simar and Wilson

showed how faulty was the use of a Tobit model and compares it with the results from a

truncated regression model. The (Figure 1) below shows clearly the superiority of the

truncated regression over the Tobit models. One can see that the confidence intervals from

the Tobit model are far beyond the vertical dashed lίne (the true parameter), whίle the

confidence intervals form the truncated regression almost perfectly cover the true

parameter, especially in the case of Ρ =q = 1. Adding more dimentions arises the problem

in the first·stage mentioned before in (6) because of the "course of dimensionality".

This rate of convergence decreases as n increases (Ορ(Ο) as n -J (0) and slows as Ρ + q

increases (Ορ(l) as Ρ + q -J (0). Thesecond one is known as the "curse of dimensionality"

that makes the convergence very slow when many input ΟΓ output variables are used.

The previous explanation is the statistical context behind the estimation of the efficiency

estimators δι using ΟΕΑ ίπ the step [1] ίη both Algorithm ,,1 and Algorithm ,,2.
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Rgure 1
Source: Sίm.ιr ilnd Wilsorι (2007)
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The problem that arises here is that the estimated efficiencγscores δι are serially correlated

by construction as ΟΕΑ eνaluates each DMU depending οη the values that have been given

Ιο the other DMUs. ίη particular to the most efficient ones. As we (λΠ see ίη (5). δι depends

ση Ρ and Ρ depends ση (Χι,Υι) as it's clear from (3). so consequentlγ δί depends οη

(Χ"Υ,).This serial correlation of δί passes οη the estimated residuals ξι. Now recall that

due Ιο assumption Α2, Χ and Υ are correlated with Ζ. Ιη most of the cases it's true that

f(x,y]z) * f(x, Υ). This means that the Ζ variables are ηοΙ independent with respect Ιο



The equation ίη (12) is the analytical expression of (7). 5ubstituting the right-hand side of (7)

ίη (12) we have:

(ΧΙ Υ) and this is the reason why we apply the second stage regression. Interpreting this

sequence one can see tha Ζ is correlated with the residuals ξι.

(9)

(14)

(12)

(13)

(10)

(11)

ΖιΡ + ει = δι - u, - BIAS(ίIj)

ΒΙΛS(δι) =ε(δι) - δι

15

ε(δι ) = δι + BIAS(Iij )

δι = δι - u, - BIAS(ii j )

δι = ε(δι ) + u,

Solving (10) for ΒIΑs(δι) we have:

50 the true bias of δι is the expected value of δι (the estimated mean) minus the the true

population mean.

50lving (13) for δι we have another expression of (8) as:

Two problems arise here, the first one is the serial correlation ίη f! and the second one 1s the

correlation between ξι and Ζ. The maximum likelihood estimators of β are still consistent

but the problem disappears asymptotically wJth the rate of convergence of δ: ίη (6) which Js

very slow, rather than the usual parametric convergence rate of n- AI '. The serial correlation

problem disappears also asymptotically with the same convergence rate, but for models

where Ρ + q > 3 ίη the first-stage, this rate is very slow for standard approaches as 5imar

and Wilson (2007) report (based οη the inversion of log-likelihood negatJve Hessian).

Another problem is that δι is also biased downward by construction. After the estimations of

(8), the Algorithm #1 proceeds to the steps [3] and [4]. Except the usefulness of the

bootstrap ίη the second stage, the bootstrap procedure is also used ίη the first stage as this

is the only way to approximately reach the asymptotic distribution of δι ίη multivariate

settings with Ρ + q > 2 because of the complexity of these cases. Nevertheless, Gijbels et

al. (1999) proved the asymptotic distribution of the output-oriented distance funetion (it can

be also extended to the input distance funetion case) of 5hephard (1970) for the case of

Ρ = q - 1 but this is not enough for the most applications. Ιη contrast with Αlgοήthm #1,

Algorithm #2 takes care of this problem following the next procedure.

Where ε(δι ) = Ο and ui is iid with zero mean. Ιη turn, because 1;1 iS biased downward as

mentioned before we have:

We can express δι as:

5ubstituting for ε(δί)frοm (9) ίη (11) and solving for δι:
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The steps [3] and [4] in Algorithm #2 follow this method, and regress the covariates οη the

(21)

(20)

(17)

(19)

(16)

(18)

(15)

BϊAS(~I) = ΒΙΑS(δι ) + νι

~

Where δι is a consistent estimate.

δι = δι - IiϊAS(δι)

δι + υι - ul = ΖιΡ + Ει > 1

Now the bias-corrected estimator of δι is:

$0 we finally have:

BTAS(~I) ~ ε(δί - δι) ~ ε(δί) - δι

BIAS(iiI) = ε(~ι - δι)

Where Ε(δί) is the mean of the all the bootstrap values and δι represents the initial

uncorrected estimation of the efficiency.

~

bias-corrected estimate δι·

Taking advantage of the bootstrap technique where the initial estimator δι plays the role of

the population statistic and Ε(δί) represents the sample mean executed from the bootstrap

sample distribution, one can go from (17) to (18).

Following this, the bootstrap bias estimate BiAS(δι) is:

Expanding (11) we have:

Where, as the sample size increases, the residual v! has smaller magnitude than B1AS(δι)

and its variance becomes asymptotically negligible.

The calculation of the bias is very easy using bootstrap methods. The fιrst step to do this is to

compute the bootstrap bias estimate of B1AS(tSt ):

where ει is the theoretical error that follows all the assumption about the error terms and

ul has a zero mean and diminish asymptotically. $0 the problems contained in ξι are mostly

inside the Β1AS(δι). Thus, the problem can be easily solved just subtracting the bias from

the estimated efficiencies δι.

ξι = ει + u, + BIAS(iiI)

linking (14) with (8), one can see that the error term ίη (8) that causes the problems

mentioned previously is:
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The descriptive statIstIcs of the final balanced panel sample are presented below:

(22)

(23)(β) )
Q1-al2

1 2β~ (β) 2β~ - q"'I)' J- qt-a/Z'

Inputs

Statistic 10tal Assets TotalDeposits Emploγees

Mln. 122.5 108~8 0.039
Q1 772.6 591~5 0.1827
MedIan 1966.8 1484.6 0.429
Mean 57777.7 33926.6 8.2975
Q3 6639.5 5128.4 1.4318

Ι Max. 2415689 1287765 288
St. Dev. 265137.5 141433.5 35.6809

3.2. Data

The other method is the percentile method. The percentile confidence interνals <ΙΓΙ!

constructed as:

Where iJ is the initial estJmate. qttJa/z is the upper quantile from the sorted bootstrap

distribution and q<t/z the 10wer quantile from the sorted bootstrap distribution.

The data that were used for the empirical economic application part were received from the

database of Compu5tat. The data that fιnalty used Include 148 banks operatIng ίη υ.5.

covering the years 2006-2013 reaching the total number of obserνations(η = 1184). The

variables that were used ίη the first stage Ιο estImate technical efficiency include three ίηρυι

varIables 110ta1 Assets, 10tal Deposits and Employees) (Ρ = 3) and two output variables

110tal 5ecurIties and Gross loans) (Q = 2). For the second stage, two covariates were used

to explain the estimated InefficIencIes from the first-stage (Advertising Expense and

Communications Expense) (τ = 2) but various comblnatIons of the l0gs of these two

variables were also used Ιο account for non-linearities. ΑΙΙ variables except the number of

Employees are measured ίη υ.5. dollars. The choice of these variables as Inputs and outputs

was maid based οη the economic theorγ and also οη other empIrIcal studies that use the

same variables (Berger and Mester, 2003).

The last part refers Ιο the confidence intervals estimation. Two methods for confidence

interval are described here, although other more sophisticate methods could be used for

better results. The first method is the basic confidence interνal. The estimated Interνal for

this method is:
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3.3. Cleaning and Selettion Procedures

66.343

414.696

3.491
5425

0.645
Ο

Communications Expense

Ο

269.774
3143

52.254

Advertising Expense

0.523

4.859

1.587

0.017

Outputs

Statίstic Total Securities Gross loans

Μίη. 3.9 93.4
Ql 132.8 501.1

Median 346.5 1294.8

Mean 9386.6 26903.9
Q3 1295.4 4308.5
Max. 507255 918498
St. Dev. 44899.97 112640.2

St. Dev.

TόIbl~ 3

Median

Q3

Ql

Mean

Max.

Ιη the research process, ίη order to do any kind ΟΙ analysis οηε usually needs data. Ιη the

real world. except the lact that good data is hard to be found even ίl they already exist ίη

most ΟΙ the times theγ are difficult ιο be read. we call this kind of data H raw data.... Ιη order

to have easy access ιο the data lirst ίt needs to clean the raw data and prepare them 10r the

analysis. The new easy manageable 10rmat of the data is called 'Ίidγ dataH

•

The procedure ΟΙ converting the raw data into tidy data is very often a time consuming and

rigorous part ΟΙ the research. For this reason here it is also provided, 10r educational

reasons. the Rcode with which the raw data used ίη this thesis were cleaned.

The lull data belore the sampling was <ιη unbalanced panel with a total of 7950

observations, containing 1117 different banks covering various years Irom 1999 to 2014.

This lυll data unbalanced panel had too many missing values between the variables. so a

careful cleaning ίη order ιο choose the best sample was necessary.

Note that ίη order to take the log ΟΙ the variable Communications Expense, the value ΟΙ 1

was arbitrarγ added ιο every obserνation of the variables as ί! would be impossible ιο take

the l0g of Ο. This is νεrγ common technique for situations like this (Puig-Junoy, 1998).



The initial data file is a Microsoft Excel (.xls) file named "banks". Converting this file into a

.Comma 5eparated Value (.csv) file, it is much easier to enter the data ίη Rand work with

them. 50, the file "banks_csv" contains exactly the same information, the only difference is

that this is a .csv file.

Ιη this section are described the two Rcodes that are necessarγ before the rest οΙ the

analysis. The first code has the name "max_info_clean_data" and is used to clean the data

and find the best balanced sample to use. The second one has the name

"create_balanced_ρaneΙdata"and is used to create the balanced panel data after the

choice οΙ the sample.

It is essential to set the working directorγ οΙ R ίη the folder where the data and the Rfiles

are, before running any ofthe following codes. One can do this simply writing the path οΙ

the folder ίη the command setwd(" ").

For example: setwd("C:/User/Desktop")

This code firstly reads the data (max_info_clean_data, 1-2) and then keeps only the banks

that operate ίη U.5. (max_info_clean_data, 3-7). Then, it saves ίη the object allJirms the

name of each bank (ίη fact, the ticker that represents each bank), the first and the last year

where this bank has recorded data (max_info_clean_data, 10-18).

Ιη (max_info_clean_data, 23-87), all the possible combinations of year between 1999 and

2014 are tested to find which the best years to include ίη the sample are. Ιη this procedure,

the object bounds that is defined ίη (max_info_clean_data, 29) ensures that each bank has

data for, at least, the years that are tested each time. Ιη (max_info_clean_data, 34-51) two

more filters are used to ensure that the banks that have at least the required years, they

also don't overcome these years, so the panel will be balanced. Then, the data are stored ίη

the object !ulΙdata (max_info_clean_data, 52-71) and the final information for each

combination is saved ίη the object Total (max_info_clean_data, 78-83).ln the first column

οΙ Total is written the first year of this particular year range that is tested each time, ίη the

second column the last year, ίη the third column the number οΙ banks that these years

include and ίη the fourth column the total number οΙ obserνationsfor these years (years

times number of banks, as the panel is balanced). Finally, the object Total with all the

possible combinations is sorted, with respect to the total number of obserνations,and the

results are printed οη the screen as well as presented ίη a table (max_info_clean_data, 88­

92).

This code simply creates the balance panel of our choice. The first few steps

(create_balanced_ρaneΙdata, 1-20) are the same as ίη the previous code.

19



Here the user has to choose the preferable years and set the starting year ίη the object

lower and the ending year ίη the object upper (create_balanced_panel_data, 24-25). Ιη ουΓ

case, the chosen years are 2006-2013. The steps (create_balanced_ΡaneΙdata, 26-70) are

the same steps that max_info_clean_data uses to construct the object {ulΙdαtα that

contains the final balanced data set for the requested years.

Ιη (create_balanced_ΡaneΙdata, 72-76) the final data are saved ίη a txt fιle named

"balanced_ΡaneΙdata" and is automatically placed ίη the current working directory.

3.4. Algorithms

The first part of this thesis is the construetion of the two algorithms initially described by

5imar and Wilson (2007). Although the two algorithms presented here implement those that

was previously mentioned, as this is one of the actual goals of this thesis, these algorithms

can also been generally used to estimate various two-stage semi-parametric DΕΑmodels

with a single ΟΓ double bootstrap.

The theoretical procedure and steps along with the mathematical expressions and the

corresponding Rcode interpretation of the two algorithms (Algorithm_1_simplified and

AlgorIthm_2_simplified) described ίη 5imar and Wilson (2007) is given below while the exaet

Rcode is given ίη the Appendix.

Algorithm_1_simplified and Algorithm_2_simplified are the simplistic versions of

Algorithm_1 and Algorithm_2 respectively. This is because the structures of the last two

algorithms are too complicated as they take account of every possible combination that the

user can ask from the algorIthms. Τhus, Algorithm_1_simplified and Algorithm_2_simplified

are presented here for educational reasons. The full and the simplified algorithms work

exaetly the same but the simplified versions result only ίη the confidence interνals of β and

σ"

Algorithm 111

[1] Compute δι = δ(Χ,ΥIΡ) νί = 1, ... , n with (5) using the data ίη Ψη.

(Algorithm_l_simplified, 25-26)

(2) Estimate the maximum lίkelίhood estimators jJ and itf with the truncated regression (8)

of δι οη Ζ using the m < n obseIvations where δι > 1.

(Algorithm_l_simplified,33-47)

β] Repeat the steps 13.1] - 13.3) L times to obtain the bootstrap set of estimates

Α = {(ίI'.U,J.Ji=t

(Algorithm_l_simplifιed,59-100)

20



[3. Ι] For each Ι = 1, •.. , m, draw uj from the normal distribution Ν(Ο, σt) with left

truncation at c = (1 - Ζίβ).

(Algorithm_I_simplifιed,59-73)

[3.2) For each Ι = 1, ... , m, compute δ~ = Ζίβ + Ut.

(Algorithm_l_simplifιed,76)

(3.3] Estimate the maximum likelihood estimates (β', σ;) with the truncated

regression of δ; οη Ζ using the obserνationswhere δ;- > 1.

(Algorithm_1_simplified,79-93)

[4] Construct estimated confidence interνals for β and σε'

(Algorithm_l_simplified,115-152)

AIgorithm #2

(Ι] Compute δι = δ(Χ,ΥIΡ) νΙ = 1, ... , π with (5) using the data ίη Ψπ.

(Algorithm_2_simplified,25-26)

(2] Estimate the maximum lίkelίhood estimators jJ and σ~ with the truncated regression (8)

of δι οη Ζ using the m < π obserνations where δι > 1.

(Algorithm_2_simplified,33-47)

(3) Repeat the steps [3.1] - (3.4] L1 times to obtain the bootstrap set of estimates
-. ιι

Β = (δ 1..).=1.
(Algorithm_2_simplified,56-86)

[3.1] For each Ι = 1, ... , π, draw Uj from the normal distribution Ν(Ο,ut) with left

truncation at c = (1- Ζίβ).

(Algorithm_2_simplified,56-70)

[3.2] For each Ι = 1, ... , π, compute δ; = ZjJPJ +ul'

(Algorithm_2_simplified,73)

(3.3] For all Ι = 1, ... , π, construct the new input and output variables χ' =Χ and

Υ' = Υδι/δ;.

(Algorithm_2_simplified,76-77)

(3.4] Compute δ' ι = jS(x!.... yiJ"!p·) νι = 1, ... ,π with (5) replacing Χ and Υ with χ"

and Υ" respectively.

(Algorithm_2_simplified,80-81)

(4) For each Ι = 1, ... , π, compute the bias-corrected estimator δι using the initial estimate

δι and the bootstrap estimates ίη Β.

(Algorithm_2_simplified,90-95)
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~

[5] Estimate the maximum likelihood estimators β and σε with the truncated regression (21)

of δι οη Ζ using the m < n observations where δ! > 1.

(Algorithm_2_simplified,100-114)

(6] Repeat the steps (6.1] - 16.3] Lz times to obtain the bootstrap set οΙ estimates

C = {(ρο, σ~)b}~:'l where k = 1, .... r + 2.

(Algorithm_2_simplified,124-165)

[6.1) For each ί = 1. 0.0. n, draw υι from the normal distribution Ν(Ο, σ;) with left
~

truncation at c = (1 - Ζ,β).

(Algorithm_2_simplified,124-138)

~

[6.2) For each ί = 1, ...• n, compute ο!- = ΖιΡ + υι.

(Algorithm_2_simplified,141)

[6.3) Estimate the maximum lίkelίhood estimates CPj. σ~) with the truncated

regression οΙ δ!" ΟΠ Ζ using the obseIVations where δi > 1.

(Algorithm_2_simplified, 144~158)

(7] Construct estimated conlidence interνals l0r β and σ(;.

(Algorithm_2_simplifίed, 180~217)

These algorithmic steps are also presented here with the corresponding R code and their

interpretation.

Ιη Algorithm_l_simplilied, one can give a set ΟΙ input and another one ΟΙ output variables.

Each ΟΙ these variable sets must be ίη one matrix (Iet's name χ the matrix with the inputs

and Υ the matrix with the outputs) where the columns ΟΙ the matrix represent the variables

and the rows represent the obserνations as lollowing:

X[nxpJ' Yjnxq}

Where n is the number ΟΙ obserνations,Ρ the number ΟΙ input and q the number ΟΙ output

variables.

The environmental variable matrix has the same lorm as the inputs and outputs matrixes

described belore:
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Algorithm_l_simplified

The other choice that the user has to make is to choose between Constant Returns to 5cale

(CRS) and Variable Returns to Scale (VRS) which are set ίπ the DΕΑ function

(Algorithm_1_simplified, 25) as RTS="CRS" and RTS="VRS" .

=8•...
•

11) The first step is about to estimate the inefficiencies δι for each firm i. LΠ step 11), DΕΑ is

used to calculate the inefficiencies and ίπ practice the algorithm sets χ and Υ ίπ the DEA

function (Algorithm_1_simplified, 25) and saves the estimated inefficiencies δι ίπ d_hαt

(Algorithm_l_simplified,26).

These inefficiency scores are attached to all obserνations (firms) with the full efficient firms

taking the value of 1 and the inefficient ones values > 1 (if the DΕΑ model is output­

oriented, ίπ the algorithm this is defined as ORIENTATION= ''out'').lf the ΟΕΑ model is input­

oriented (ORIENTATION= "ίπ"), the full efficient firms have efficiency score equal to Ι while

the inefficient ones have a score < 1.

(2] The second step requires the estimation of jJ and σ!. where ίιξ is the estImated

standard deviation of the residuals, jJ includes the estimated constant term and the effects

of the environmental variables Ζ οπ the Inefficiency scores δι and ξ denotes the residuals.

The algorithm uses the maximum likelihood method to apply the truncated regression of

Ζ οπ δι (the product of step (1)) resulting ίπ the estimates jJ and the residual standard

deviation estimates σε (Algorithm_1_simplified, 33-41). (Algorithm_1_simplified, 33-36) is

used ίπ the output-orIented case and (Algorithm_1_simplified, 38-41) ίπ the input-orIented

case. Then, it saves the constant term and slopes at betα_hαt and the standard deviation at

sd_hαt (Algorithm_1_simplified, 46-57).
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The algorithm fjrstly computes the point of truncation for each obserνation c
(Algorithm_l_simplified, 59-65) and then the object c' as described above

(Algorithm_l_simplified, 67). The algorithmic notation of c and c' is c and cc respectively.

These two objects are constructed outside the bootstrap lοορ [3) because their values don't

change between different draws. Then, v and v' are computed (Algorithm_l_simpHfied, 70­

72) inside the bootstrap !οορ (31 as the random number generator gives ditferent values to

the uniform distribution ίη everγ iteration. Their algorithmic notation is v and υυ

respectiνely. Finally. the error term u~ is constructed and saved ίη variable u

(Algorithm_l_simplified.73).

Uz -t C= 1 - (ίJιZH + βΖΖΖ Ζ + "." +βτΖΖΛ

Απ easy way Ιο draw each of the elements of "ι frQm a left·truncated normal distrlbutlon is

using a modified transformation method 15imar and Wilson, 2007):

Let v denote a uniform distribution οη (Ο. 1), c' = cισξ and set νΙ = ψ(,') + [1­

Φ(c')]v. Now one (ϊιπ compute "ι as υ, = σ(Φ-Ι(ν').

[3.1) Ιη this step the error term uj is created using random draws from Ν(Ο, iτi), where this

distribution is left-truncated <ΙΙ c = (1 - ΖιΡ). This means that each "ι (l = 1•... ι m) is

randomtγ picked from the distribution mentioned before OOt it's ποΙ allowed ΙΟ pick values

that fall <ΙΙ the left side of C 0f1 the distribution. 50. for each element of "ι the distribution Ίs

"'truncated" <ι! a different ροίηι:



J

Ι
ι

Ι

[3.2] The 80<11 ίη this step ίς to compute the new inefficiencIes δ;. Each one ΟΙ these ίς

constructed as δ; = Σj=ι Ζι/Ρ} + u,. where i = 1. ο ••• m.j = 1•...• r and m ίς the number

ΟΙ δι> 1. Thus, for the construction of δί. one needs ιο choose from each environmental

variable these observations that correspond Ιο a δι > 1. Ιη particular each δί ;5 computed

as:

--

--

+
,
Σ Ζι;'Ρι
,-ι

The algorithm applies the truncated regression of Ζ οη δ; (Algorithm_l_simplified, 79-87)

using (Algorithm_l_simplified. 79-82) ίη the output-oriented and (Algorithm_l_simplified,

84-87) ίη the input-oriented case and ρο and σ~ are saved as beta_hαt_stαr and

sd_hαt_stαr respedively (Algorithm_l_simplified. 92-93).

For this step, the algorIthm uses the obserνationΟΙ Ζ where δι > 1 that was previously

computed and saved ίη z_m_dt (Algorithm_l_simplified. 57) and multIplies them with the

relevant iJ thaI are saved ίη zb (Algorithm_l_simplified. 64). Then, ίι adds these quantities

plus the error term that computed before for this particular obserνation

(Algorithm_l_simplifιed,76) and saved the computed δί ίη d_star. Notice that for the

construdion of zb ίη (Algorithm_l_simplified. 64) the first element of betα_hαt (the

constant term) is not used.

δί = Zι.ιίJι +ΖΙΖΡΖ + ... + ΖιτΡτ+ Ut

2S

(3.3] Using the truncated regression of Ζ οη δί. the maximum likelίhood estimates <ρο, σ~)

are estimated.

δ;" = Ζ". ιΡ. + Ζπι.ΖΡΖ + ο •• + Ζ". rPr + U m

δι = Zz.ιίJ ι + ΖΖ.ΖΡΖ + ο •• + lz,rPr + Uz
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(4] Ιη the last step. confidence interνals are constructed for the constant term (Ρο), the

coefficients (PJ) of all environmental variables Ζ and the standard deviation σε'

Τhe bootstrap lοορ [3) ends forming a matrΊX Α containing all the bootstrapped estimates

(Ρ'. σ;) found ίη everγ iteration of (3] at step (3.3).

2 - (σ~)
σε - qaj2

2 - (σ..)
σε - qt-aj2

. (β)

ΖΡ - qaj2

~ (β)

ΖΡ - qt-aj2lower confidence intervals for Ρ:

Upper confidence inteIVals for σε:

lower confidence interνals for σε:

Upper confidence interνals for Ρ:

Τhe basic method (Algorithm_l_simplified, 115-134) indicates the construction of the l0wer

and the upper confidence interνals as 2 times the initial statistic of interest (for example Ρ)

minus the upper ΟΓ the l0wer quantile, respectively:

Where qaj2 and qt-aj2 are the l0wer and the upper quantiles from the sorted bootstrap

distribution of the statΊSticof interest. Τhe algorithm calculates and stores them ίπ the

object b_ci (Algorithm_1_simplified, 116-121). Finally, the results are printed out οπ the

screen (Algorithm_l_simplified, 124-133).

Τhe same procedure is followed for the percentile confidence interνals

(Algorithm_1_simplίfied. 137-156). Τhe only difference here is the calculation method that

indicates that the l0wer and upper bounds are simply the l0wer and upper quantiles of the

sorted bootstrap distribution of the statistic of interest respectively:

Τhe algorithm provides two possible methods for the confidence interνals construction as

well as the option to estimate both and compare the results. One has to run the algorithm

choosing ci = "bαsic" for the basic method of confidence interνals, ci = "percentίle" for

the percentile method and ci = "αΙΙ" ίη order to compute both and compare. Ιπ case of ηο

choice. the percentile method is set as default. Also. the significance leνel aIphα has to be

chosen and again ίη case of ηο choice. alphα = 0.05 is set as default.

Τhe algorithm firstly stores the appropriate l0wer and upper quantiles for each of the

bootstrap distributions existing ίπ Α ίπ quantίles(Algorithm_l_simplified, 105-109). Τhen.

are estimated the confidence inteIVals (Algorithm_1_simplified, 119-160).

Τhus, at the end of every iteration after (3.3), the algorithm stores the estimated values of

Ρ' and σ; at bootstrap_betα and bootstTαp_sd respectively (Algorithm_l_simplified, 95­

98) and when the bootstrap lοορ (3] ends, it binds these bootstrap groups forming a big

matrix of bootstrapped sets Α = {(ΡΊ q;) .. }t=l (Algorithm_1_simplified, 100).
"
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(2) The second step requires the estimation of ίJ and σξ , where σξ is the estimated

standard deviation of the residuals, iJ includes the estimated constant term and the effects

of the environmental variables Ζ οη the inefficiencγscores δι and ξ denotes the residuals.

The other choice that the user has to make is to choose between Constant Returns to SCale

(CRS) and Variable Returns to Scale (VRS) which are set ίη the DEA function

(Algorithm_2_simplified, 25) as RTS="CRS" and RTS="VRS".

The algorithm uses the maximum lίkelίhood method to apply the truncated regression of Ζ

οη δι (the produd of step (1)) resulting ίη the estimates ίJ and the residual standard

27

These inefficiencγ scores are attached Ιο all obserνations (firms) with the full efficient fιrms

taking the value of 1 and the inefficient ones values > 1 (if the ΟΕΑ modei is output­

oriented, ίη the atgorithm this is defιned as ORIENTATlON= ''out''). If the DEA model is ίηρυΙ·

oriented (ORIENTATION= "ίη"), the full efficient firms have efficiency score equal to 1 while

the inefficient ones have a score < 1.

11) The first step is about to estimate the inefficiencies δι for each firm l. Ιη step 11]. ΟΕΑ is

used to calculate the inefficiencies and ίη practice the algorithm sets χ and Υ ίη the DEA

function (Algorithm_2_simplified, 25) and saves the estimated inefficiencies δι ίη d_hat

(Algorithm_2_simplified, 26).

The algorithm calculates and then stores them ίη the object p_ci (Algorithm_1_simplified,

142-147). Finally, the resutts are printed out οη the screen (Algorithm_1_simplified, 146­

155).

Upper confidence interνals for σι:

lower confidence interνals for σι:

Upper confidence interνals for β:

lower confidence interνals for β:
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deviation estimates σι (Algorithm_l_sirnplified. 33·47). (Algorithm_2_sirnptified. 33-36) is

used ίη the output-orIented case and (Algorithm_l_simplified. 38-41) ίη the Input-oriented

case. Τhen, ίι saves the constant terrn and slopes <ι1 betα_hαt and the standard deviation <ι1

sd_hat (Algorithm_l_simplified. 46-47).

(3.1) Ιπ this step the error term "ι is created using random draw5 from Ν(Ο, ί7~'ι, where this

distrIbutIon is lefι.truncated <ι1 C = (1 - ZlJjJJ). This means that each ut (Ι = 1•...• π) is

randomly picked from the distribution mentioned before 001 it's ποΙ al10wed 10 pJck values

that fall <ιΙ the left side of C οη the distribution. 50, for each element of υ, the distribution is

"truncated" <ιι a different ροίηι:

υι -+ C= 1 - (ίJιZι,1 + ΡΖΖΙΖ + ... + ΡτΖΙΥ)

U2"'" C= 1- (PtZZ.1 + ΡΖΖι.2 + ... + ΡτΖι,τ)

Απ easy way to draw each of the elements of u, from a left·truncated normal distribution is

using a modified transforrnation method (Simar and Wilson, 2007):

Let υ denote a uniform distribution οη (0.1), ,Ι = ε/σι and set νΙ = Φ(c') + [1­

Φ(c')]υ. Now οηε (οπ compute υι as υι = Ο'ξΦ-I(υ').

The algorithm firstly computes the ροίηι of truncation for each obserνation c

(Algorithm_2_simplified. 56-62) and then the object ,ι as descrIbed above

(Algorithm_2_simptified, 64). The algorithmic notation of c and ,
Ι

is c and " respectively.

Τhese tWQ objeets are constructed Qutside the bootstrap lοορ (3) because ιηείΓ values don'r

change between different draws. Then. ν and ν' are computed (Algorithm_2_simplified, 68­

69) inside the bootstrap lοορ [3] as the random number generator giνes different values to

the uniform distribution ίη everγ iteration. Their algorithmic notation is v and vv
respectively. Finallv. the error term uj is constructed and saved ίη variable u

(Algorithm_2_simplified.70).

Ι

Ι

Ι

=8
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[3.3) Sets the variable χ ίηΙο a new object named x_stαr and construct the object y_stαr

multiplying everγ obserνationofΥ with those of δι and diVIde each of these quantitIes with

the corresponding obserνation of δί .

(3.4] Τhis step estimates the IneffιciencIesδί for each firm ί. DEA is used Ιο calculate the

inefficiencίesand ίπ practice the algorithm sets χ' and Υ" ίπ the DEA function

(Algorithm_2_simplified, 80) and saves the estimated InefficIencies δ: ίπ d_hαt_stαr

(Algorithm_2_simplified,81).

29

δί = Ζι ιΡι + Ζι.ΖΡΖ + 0"0 + Ζι.τΡτ + "ι

δΖ = ΖΖ.ιΡ ι + zz.z/Jz + ο". + ZZ.r/Jr + Uz

For this step, the algorithm multiplies each obserνation of Ζ with the relevant /J and saves

them ίη zb (Algorithm_2_simplifιed, 56-62). Then. ίΙ adds these quantities plus the error

term that computed before for this particufar obserνation (Algorithm_2_sImplified. 73) and

saved the computed δ; ίη d_stαr. Notice that fOf the construction of zb ίη

(AIgorIthm_2_sImplifιed. 56-62) the first element of beta_hat (the constant term) is ποΙ

used.

13.21 The goal ίη this step is Ιο compute the new inefficiencIes δί. Each one of these is

construeted as δί = ΣΊ=l Ζιιβ, + U/. where i = 1..... n, J = 1....• r. Ιη particular each δ: is

computed as:
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(5jln this step the estimators β and σε are computed, where σε is the estimated standard-deviation of the residuals. β includes the estimated constant term and the effects of the

environmental variabIes Ζ οη the inefticiencγscores ~. and c denotes the residuals.

The algorithm first subtracts each obserνation of d_hat from those of mean_dΙhat_staτ

and stores them ίη the object blas (Algorithm_2_simplified, 94-95), where ίη the object

mean_di_hat_star are stored the mean values of all the bootstrap loops for every

obserνation of jj. (Algorithm_2_simplified, 90-92). Then ίι subtracts the bias stored ίη biαs
~

from d_hαt and saves the resulted bias·corrected estimator δι ίη d_2hαt.

The algorίthm uses the maximum likelihood method Ιο <ιρρlγ the truncated regression of

Ζ οη &1 (the product of step (4]) resulting ίη the estimates β and the residual standard

deνiation estimates σι (Algorithm_2_simplified, 100-114). (Algorithm_2_simplified, 100-

8-8

The other choice that the user has 10 make is 10 choσse between Constant Returns 10 Scale

(CRS) and Variable Returns 10 Scale (VRS) which are set ίη the DΕΑ function

(Algorithm_2_simplified. 80) as RTS="CRS" and RTS="VRS",

14] Here the bias-corΓectedestimator δι i5 computed subtractIng the bias from the initial

estimator διι where the bias of everγ obserνationof δι is estimated subtracting δι from the

mean of the bootstrap estimators δί.

These ineffιciencγ scores are attached 10 all obserνations (firms) with the full efficient firms

taking the value of 1 and the inefficient ones values > 1 (jf the ΟΕΑ model is output­

oriented. ίπ the algorJthm this is defιned as QRIENTATlON::: "ουΙ"). 1I the ΟΕΑ model ί5 ίnρυΙ·

oriented (ORIENTATlON= "ίη"), the full efficient fιrms have effίciencγ score equal 10 1 while

the inefficient ones have a score < 1.



103) is used ίπ the output-oriented case and (Algorithm_2_simptified, 10S·108j ίπ the ίπρυι­

oriented case. Then. ίι saves the constant tenη and slopes at beta_2hat and the standard

deviation at sd_2hat (Algorithm_2_simplified, 113-114).

(6.1) Ιπ thIs step the errorterm u, is created using random draws from Ν(Ο,σ;).where this

disιribution is left·truncated at ι, = (1 - zijPj)' This means that each u, (Ι = 1•...• π) is

randomly picked from the distributIon mentioned before but it's not allowed Ιο pick values

that fall at the left side of c οπ the distribution. 50. for each element of u, the distribution is

"truncated"' at a different ροίπι:

Uz -. c = 1 - (»12Ζ.1 + ΡΖ2Ζ.Ζ + ... + Pr2Z.r)

Απ easy way to draw each of the elements of ui from a left·truncated normal distribution is

using a modified transformation method (Simar and Wilson, 2007):

let v denote a uniform distributIon οπ (ο, 1). c' = ι/σε and set υΙ = Φ(ιΙ ) + [1 ­

Φ(ι'))υ. Now one can compute ul as ul = σ,Φ-Ι(υ').

Τhe algorithm firstJy computes the ροίηι of truncation for each obserνation c
(Algorithm_2_simplified. 124-130) and then the object c' as described above

(Algorithm_2_simplified. 132). Τhe algorithmic notatIon of c and c' is ι_2 and ,,_2

respeetiνely.These two objeets are constructed outside the bootstrap lοορ (δ) because their

values don't change between difterent draws. Τhen. v and v' are computed

(Algorithm_2_simplifίed. 13δ-137) inside the bootstrap lοορ (δ] as the random number

generator gives different values to the unifonη distribution ίπ eνery iteration. Τheir

algorithmic notation is v 2 and vv_2 resρectively. Finally, the error teπn u, is constructed

and saved ίπ the object u_2 (Algorithm_2_simplified. 138).
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[6.3] Using the truncated regression of Ζ οη δi" ι the maximum lίkelίhood estimates (Ρ', σ~)
are estimated.

The algorithm applies the truncated regression ο! Ζ οη δ;' (Algorithm_2_simplified, 144­

152) using (Algorithm_2_simplified. 144-147) ίη the output-oriented and

(Algorithm_2_simplified, 149-152) ίη the input-oriented case and Ρ' and σ~ are saved as

beca_2hat_stαr and sd_2hαt_stαr respectively (Algorithm_2_simplified, 157-158).

For this step, the algorithm constructs the object zb_2 as the sum of the multiplication

between β and l (Algorithm_2_simplified, 124-130) and adds the errOf term that computed

before ΙΟΓ each particular obserνation (Algorithm_2_simptified, 141) and saved the

computed δϊ ίη d_2star. Notice that for the construction οΙ zb_2 ίη

(Atgorithm_2_simplified. 124-130) the first element of beta_2hat (the constant term) is ποι

used.

16.2] The goal ίη this step is Ιο compute the new ;nefficiencies δϊ. Each one of these is

constructed itS δ;" = Σj:ι zIJPJ + ut. where ί = 1..... π, J = ι, ... ,r. Ιη particular each δϊ

is computed as:

6, = Χι ιΡι +.τι ΖΡΖ + .,. + 21 /Pr + UI
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[7] Ιη the last step, confidence intervals are constructed for the constant term (flo), the

coefficients (β,) of all environmental variables zl and the standard deviation σι.

The bootstrap lοορ [6] ends forming a matrix C, containing all the bootstrapped estimates

(ρο, a-~) found ίη everγ iteration of 16] at step [6.3].

2 ""'" (σ.)
Qc - qα/2

..,. (β)

Ζβ - ql-a/2

2<=" (σ~)

σε - ql-a/2

"'" (β)
2β - qa/2Upper confidence intervals for β:

Upper confidence intervals for σε:

lower confidence intervals for σι:

lower confidence intervals for β:

The algorithm provides two possible methods for the confidence intervals construction as

well as the option to estimate both and compare the results. One has to run the algorithm

choosing ci ="basic" for the basic method of confidence intervals, ci = "percentίle" for

the percentile method and ci = "αΙΙ" ίη order to compute both and compare. Ιη case of ηο

choice, the percentile method is set as default. Also, the significance leνel alpha has to be

chosen and again ίη case of ηο choice, aIpha = 0.05 is set as default.

Thus, at the end of everγ iteration after 16.3), the algorithm stores the estimated values of

p'and σ~ at bootstrap_beta and bootstrap_sd respectively (Algorithm_2_simplified, 160­

163) and when the bootstrap lοορ [6] ends, it binds these bootstrap groups forming a big

matrix of bootstrapped sets C = {(ρο, σ;)!'};;1 (Algorithm_2_simplified, 165).

The algorithm firstly stores the appropriate l0wer and upper quantiles for each of the

bootstrap distributions existing ίη C ίη quantίles(Algorithm_2_simplified, 170-174). Then,

the confidence intervals are estimated (Algorithm_2_simplified, 180-217).

The same procedure is followed for the percentile confidence intervals

(Algorithm_2_simplified, 200-217). The only difference here is the calculation method that

indicates that the l0wer and upper bounds are simply the l0wer and upper quantiles of the

sorted bootstrap distribution of the statistic of interest respectively:

The basic method (Algorithm_2_simplified, 180-197) indicates the construction of the l0wer

and the upper confidence intervals as 2 times the initial statistic of interest (for example β)

minus the upper or the l0wer quantile, respectively:

Where qa/2 and ql-a/2 are the l0wer and the upper quantiles from the sorted bootstrap

distribution of the statistic of interest. The algorithm calculates and stores them ίη the

object b_ci (Algorithm_2_simplified, 181-186). Finally, the results are printed out οη the

screen (Algorithm_2_simplified, 192).



Τhe algorithm calculates and then stores them ίη the object p_ci (Algorithm_2_simplified,

201-206). Finally, the results are printed out οη the screen (Algorithm_2_simplified, 216).

lower confidence interνals for β;

Upper confidence interνals for β:

lower confidence interνals for σε:

Upper confidence interνals for σε;

q
'"α/Ζ

'"qt-a/2

35. Application

Ιη this empirical application, the algorithms described before are used to examine the

effects of Advertising Expense and Communications Expense οη the performance of banks

operating ίη U.5. More specifically, the two-stage semi-parametrIc approach is used ίη the

first-stage to estimate the inefficiency of the U.5. bank sector during the years 2006-2013,

based οη the sample data of 148 banks for this period. Ιη the second stage, the effects of

Advertising Expense and Communications Expense οη these estimated inefficiencies are

calculated constructing confidence interνals for each one of them, as well as some other

interestIng statistics to make the analysis more robust.

Τhe technical efficiency that is estimated ίη the first-stage using DEA, uses the Τotal Assets,

Τotal Deposits and the number of Employees as inputs ίη the production function of the

banks and the Τotal 5ecurities and Gross loans as the outputs of the banks' performance.

Τhe covariates (environmental variables) that mentioned before are assumed to affect

banks' performance (measured by technical efficiency) but not the Production Possibility

Function (PPF) described by the frontier lίne. This is because of the assumptions where the

algorithms are based on, about the DGP. Τhis way, the environmental variables don't take

part ίη the DEA stage where the frontier is estimated, but only ίη the second-stage of the

analysis. Τhis is supported by the assumption (ΑΙ).

At this point, a small discussion about the DGP, interpreting each one of its assumptions

would be helpful for better understanding.

Reading (Ι) from right to left, one can see that the environmental variables Ζ are

independent. 50, the decision of a bank about the Advertising and Communications

spending is clearly under the bank's control. Οη the other hand, the technical efficiency

depends οη Ζ, and this is the reason for the second-stage analysis. Τhis means that a bank

can change its performance (increase or decrease its efficiency) alternating the money it

spends for Advertising and Communications but without overcoming its capability (PPF). For

the next function, is important to remind that the outputs Υ ίη terms of polar coordinates is

described as (ηι, δι) where Τ!! is the angle and δ! is the distance that determines the

efficiency Τhus, this function indicates that the inputs χ depend οη the efficiency and so οη

the environmental variables Ζ and also, ηί (Iet's say, a part of Υ) depends οη the effιciency
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and 50 οη 2. Interpreting this one can say that a bank makes decisions about its inputs

(Assets, Deposits, Employees) based ΟΠ the money they have spent for Advertising and

Communications and 50 based οη the efficiency that these spending had. The situation

about the outputs Υ is not exactly lίke this, as a "part" of this (ίπ polar coordinates, the angle

η/) depends also οη the same Ζ and δι as the inputs but not the wholey. This means that

the bank can partly decide about its outputs (Securities and Loans) but a part of these is

"automatically" created as the output of the spending mentioned before, this part of the

output is the efficiency δι- Τhe whole Υ together with χ are these that determine the

capabilitγof the bank (PPF), so given certain inputs and outputs the bank sets itself a

maximum of achievable effιciency.

Α short interpretation of the assumptions (ΑΙ·Α8) is considered also useful.

What assumptions ΑΙ and Α2 say, is that while the inputs and outputs (Assets, Deposits,

Employees, Securities and Loans) are these that determine the maximum achievable

efficiency, the environmental variables (Advertising and Communications expense) are those

that determine its level within the boundaries that χ and Υ set. The assumption Α3

determines the kind of the error term ίπ the second-stage regression.

The assumptions Α4-Α6 indicate that the inputs and outputs of a bank are depended to each

other meaning that Ρ also depends οπ the various feasible combinations ofχ and Υ. There

are πο "free lunches", so for example a bank cannot give any loans while its Deposits are

zero. The last assumption is about the "free disposability", that says a banks can give, for

example, a loan of 1000 $ even if its Deposits are more (say 2000$). The last two

assumptions Α7 and Α8 ensure the consistency of Ρ and δι.

For the empirical application, the two algorithms (Algorithm_l and Algorithm_2) were

implemented give the three inputs and the two outputs that mentioned before and various

combinations of the covariates ίπ order to examine all the possible models. Ιπ addition, both

the basic and the percentile confίdenceinterνals are constructed setting ci equal to "all",

not only for the coefficients of the covariates and the standard deviation but also for a few

other statistics (sigma, P·value, RΛ2, AIC, BIC and RMSE) for a more robust analysis.

ΑΙΙ the models consider Constant Returns to Scale (CRS) as the classic microeconomic theory

indicates for the second stage. The DΕΑ model ίπ the first-stage is output oriented ίπ all

cases as the application examines the technical efficiency. Απ extra parameter called seed is

set equal to 1 for all the models for easy re-productivity, except some models where

numerical problems occur. Ιπ these cases, the seed changed adding 1 each time until there

are πο numerical problems ίπ the calculations for any lοορ.

The number of iterations for every bootstrap lοορ (Ι and Lz)for the construction of the

confιdence interνals is set equal to 2000 iterations as Simar and Wilson (2007) do. According

to Hall (1986), 1000 is a sufficient number of replication for the confidence-interνals

construction, but this number is doubled here for more accurate results. Α suffιcient number
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of repIications for the estimations of the bias-corrected efficiencies are 100. as Simar and

Wilson (2007) suggest, but here 500 iterations (L 1) are used for better resuits.

ΑΙΙ the tables with all the possible models are presented ίη the Appendill. For ουΓ

convenience. lets name the modeis bγ the numbers ίη the name of the external variabIe ίη

each model. For exampIe. the model with In(Adver1ising.Expense), In(Adνer1ising.Expense)A2

and In(Communications.Expense) as environmental variables is the model 21. The fίrst

number represents the maximum power of the variable In(Adver1ising.Expense) and the

second number the maximum power of the variable In(Communications.Expense).

Here is presented a TabIe with the summarγof all the tables (except the modei where the

covariates are ίη IeveIs rather than logarithms) with reference ιο the signs and the statisticaI

significance:

Table4

Algorrthm_l Signs 'tίαη",

(percentile)

C Insignifίcant - 13/15
In(Advertising.EJιpense) + 8/8 + 1/1
In(Advertising.Expense)AZ + 4/4 + 1/1

In(Advertising.ExpenseIA3 Insignificant Insignificant

InICommunicίltions.EIIpensel + 6/6 + 2/2

InICommunicίltions.ExpenselAZ - 2/3 Insignificίlnt

In(Communications.Expense)A3 - 1/1 tnsignificant

Table 5

AlgorIthm_Z Signs

C + 13/15'
In(Advertising.Expense) + 12/12
In(Advertising.Expense)A2 + 7/7
In(Advertising.Expense)A3 - 2/2
In(Communicίltions,Expense) + 11/11
InICommunicίltions.Expense)A2 - 5/6
InICommunicίltions,ExpenselA3 - 1/1

From the ΟΓίιίηϊιl tabIes ίη the Appendix or the summarγ table above. one (ϊιη easily see that

the resuits from AIgorithm_l are much worse than those from AIgorithm_2 as ellpected.

Especially the confidence interνals constructed with the basic method are verγ far from

realitγ as three of the six variables found ιο be insignificant ίη every modet, the rest of the

variables found also InsJgnificant (with one ΟΓ two exceptions) and the constant ίη everγ

model fal1s outside of the confidence interνal.

'This ratio is only about the basic confidence interνals for the constant but the majoritγ of the
positiνe signs ίη this case ίη not very meaningfuI as ίη ίΙΙI of the models the mean is outside of the
basic confidence interνaI bounds. Ιη the case of the percentile confidence interνals, ϊιΙΙ the interνaIs

contain zero. so they was found to be insignificant. The same happens wJth AIgorithm_l.
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The results of Algorithm_l as computed with the percentile confidence intervals are

somehow better that those from the basic method, they generally agree with the results of

Algorithm_2 but with less models to confirm the positive ΟΓ negative effects οη the

inefficiencies and the constant term along with the log of Advertising Expense ίη the third

power was found insignificant ίη every model.

ΑΙΙ these imperfections οη the results of Algorithm_l were expected as Algorithm_l regress

the covariates οη the uncorrected ineffιciency scores ίη contrast with Algorithm_2 where

the covariates are regressed οη the bias-corrected inefficiencies δό, Also, the bad results

from the basic method were probably caused because of the more complicated way of

estimation rather than simply taking the quantiles of the bootstrap distribution as the

percentile method does. Ιη the basic method, extreme results may be produced ίη cases

where the initial estimate happened to be an extreme value (whether too high ΟΓ too low).

The results from Algorithm_2 clearly show that there are positive effects of the l0g of

Advertising Expense, the l0g of Advertising Expense ίη the second power and the log of

Communications Expense οη the inefficiencies, negative effects of the l0g of

Communications Expense ίη the second power and probably negative effect of the l0g of

Advertising Expense and Communications Expense ίη the third power. The constant term is

not verγ meaningful as it either falls outside of the confιdence interval bounds ΟΓ it is

insignificant.

The conclusions are based οη Algorithm_2 rather than Algorithm_l as its results are much

more precise. This is clear not only form this empirical study but also as the Monte Carlo

simulation and the empirical example of these models shown ίη the original paper of Simar

and Wilson (2007).

Α more focused investigation of the models is essential, so the models where we have a

"case" are examined explicitly. Α "case" is considered a model where all the variables taking

part ίη the model are statistically significant (only the Algorithm_2 is examined for perfect

cases). Α statistically significant variable is considered one that its confidence interval does

not contain zero. Ιη the tables, for every confidence interval there is the sign "!" for a

significant variable and the sign "χ" for an insignificant one (where the interval contains

zero).

For extra support of the results, the significance is also tested l00kίng at the P-values of the

variables, where the bootstrap mean of each P-value is tested and "***" is attached when

the bootstrap mean of the corresponding P-value is < 0.01, "**" when it iS between

0.01 and 0.05, "*" when it is between 0.05 and 0.1 and there is nothing when the P-value is

greater than 10%. Also, the l0wer values of sigma, AIC, BIC and RMSE indicate a better

model as well as the higher value of R'l.

Based οη the following four statistics (sigma, AIC, ΒΙ( and RMSE), the best four models are

22,20,31 and 30. Sigma, ΑΙ( and ΒΙ(, they all agree at this particular hierarchy of the

models while RMSE indicates those four but with different order ίη the three last places,

making the model 22 the best model ίη any case. The RZ indicates a totally different order of
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the best models but the R2 values are quite close to each other (between 0.41 and 0.54), $0

the most preferable models are those that the first four criteria indicate.

These four models, they ςιll agree that the signs of In(Advertising.Expense) and its second

power are positive, its third power is negative, In{Communications.Expense) is positive and

its second power is negative. The same signs are indicated al50 by the majority of the

models. not only these four best. The variable In(Cοmmunίcatίοns.ΕχΡense)Λ3is insignificant

ίπ ..11 cases eχcept the model where only Communications Expense raised ίπ the second and

third power. Ιπ this case, the pure log and the second power are positive while the third

power is negative ίπ their signs.

The final conclusion is maid based οπ Algorithm_2 as its results are better that those from

Algorithm_1 and the confidence intervals estimated with the basic method as this is a better

approach ίπ comparison with the simples percentile method, that is also suggested ίπ the

original paper of 5imar and Wilson (2007). The models that were chosen ιο make inference

are the model22 as this was characterized as the best model, and the model31, one of the

four best models. The model 30 is severally and jointly interpreted with the model 03 as

special cases where only one of the two environmental variables participates. Notice that

model 03 is ηοι one of those models indicated by the minimization of the statistics

mentioned before, but is the best model according ιο the R2 criterion.

Interpreting the model 22, one c.an say that:

Increasing the Advertising Expense by 1%, the inefficiency of the bank increases by 0.1005.

This number varies between the 95% confidence interval [0.02582, 0.16371.

Keep increasing the Advertising Expense by 1%, the inefficiency of the bank increases by

0.04346. This number varies between the 95% confidence interval [0.03038, 0.05812]

Increasing the Communications Expense by 1%, the inefficiency of the bank increases by

0.34947. This number varies between the 95% confidence interval (0.24521, 0.4601J.

Keep increasing the Communications Expense by 1%, the inefficiency of the bank decreases

by 0.05396. This number varies between the 95% confidence interval (0.03795, 0.0724417.

Interpreting the model 31, one c.an say that:

Increasing the Advertising Expense by 1%, the inefficiency of the bank increases by 0.2007.

This number varies between the 95% confidence interval [0.11518,0.26766].

Keep increasing the Advertising Expense by 1%, the inefficiencγof the bank increases by

0.06711. This number varies between the 95% confidence interval [0.04419, 0.09776)

7 The actual coeffιcient ίη this case is -0.05396 and the confidence interval (-0.07244, -0.03795). For
better interpretation, the negative sign is omitted and is translated as a decrease. Thus, the
confidence interνal is inverted with positive signs.
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Insisting Ιο increase the Advertising Expense by 1%, the inefficiencγ of the bank decreases by

0.00674. This number varies between the 95% confidence interνal (0.00404, 0.01024].

Increasing the Communications Expense by 1%, the inefficiency of the bank increases by

0.07011. This number varies between the 95% confidence interνal [0.01045, 0.12406].

Ιη the special cases where οηlγ one of the two tγpes of expense is used as explanatoιy

variables, the results are as follows:

InterpretIng the model 30, one can say that:

Increasing the Advertising Expense by 1%, the ineffιciencyof the bank increases by 0.22766.

This number varies between the 95% confidence interνal (0.1407, 0.29301].

Keep increasing the Advertising Expense by 1%, the inefficiencγof the bank increases by

0.07659. This number varies between the 95% confidence interνal [0.05245,0.10741]

Insisting Ιο increase the Advertising Expense by 1%, the inefficiency of the bank decreases by

0.00715. This number varies between the 95% confidence interνal [0.00431,0.01075).

Interpreting the model 03, one can say that:

Increasing the Communications Expense by 1%, the inefficiency of the bank increases by

037014. This number varies between the 95% confidence interνal [0.03767,0.67544].

Keep increasing the Communications Expense by 1%, the inefficiencγ of the bank increases

by 0.19014. This number varies between the 95% confidence interval (0.08583, 0.29781]

Insisting Ιο increase the Communications Expense by 1%, the inefficiencγ of the bank

decreases by 0.0201. This number varies between the 95% confidence interνal [0.01126,

0.02963).

Comparing the model30 with the model31, the results are quite the same, confirming the

final conclusion. Ιη the case when the οηlγ expense is made is for Communications, the bank

has Ιο spend more money ίη order Ιο reach the turning ροίηι where its inefficiencγ will start

Ιο decrease.
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4. Results and Oiscussion

Το sum up, ίη this thesis three independent Rcodes (max_info_clean_data,

create_balanced_ΡaneΙdata and create_variables) and four functions

(Algorithm_l_simplified, Algorithm_2_simplified, Algorithm_l and Algorithm_2) were

constructed and given written ίη the Appendix as well as ίη the CD rom.

Using the code named max_info_clean_data, one can clean the raw data and find various

samples Ιο choose between the original vast amount of data. This code finds all the possible

combinations of balanced panel samples and ranks them from the one that has the greatest

amount of information to the one with the less.

Using the code named create_balanced_ΡaneΙdata, one can practically create the chosen

balanced panel sample and save it ίη his/her own computer ίη txt form.

The third code named create_variables, is used to create all the possible combinations of

variable sets that wHI be used later ιο run the algorithms. The variable sets contain the logs

of the variables Advertising Expense and Communications Expense as is but also raised ίη the

second and the third power.

The Algorithm_l_simplified and Algorithm_2_simplified are the exact realizations of the

algorithms presented by 5imar and Wilson (2007), as they result only ίη the confidence

interνals for the coefficients of the covariates and the standard deviation. They were used

for educational reasons as it's much easier to read and understand these short codes rather

than their much longer extensions Algorithm_l and Algorithm_2. The last two algorithms

work exactly the same way. The only difference is that they can also estimate confidence

interνals for some extra statistics that the researcher may find useful ίη practice.

Results from the emρiricaleconomic aρρlication:

The empirical application showed that the money the banks oρerating ίη U.5. spend for

advertising and communications have a signifιcant effect οη their performance where their

performance was measured by their ineffιciencyscores

The results indicate that while a bank start spending money for advertising, its inefficiency

grows (In{Advertising.Expense) has a positive sign) increasingly (ln(Advertising.Expense)"2

has a positive sign too). Only after a sufficient amount of money for advertising their

inefficiency will start to decline (In{Advertising.Expense)"3 has a negative sign) and so their

performance will increase. As for the money the banks sρend for communications, the

results showed that ίη the beginning their inefficiency increase

(ln(Communications.Expense) has a positive sign) but as more money are spent for

communications, they can finally start to overcome and their inefficiency decreases

(In(Communications.Expense)"2 has a negative sign). The special case when the only money

spend are for communications, they have to sρend even more money ίη communications ιο

start decrease their inefficiency, so to perform better. This is probably because of the lack of

the important contribution of advertising.
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Τhus based οη this particular sample of banks operating ίη U.5. covering the years 2006­

2013, one can conclude that the money the banks spend for advertising and

communications are surely worthwhile, but only ίη the case when enough moneγ are

supposed to be spend. Otherwise, a small amount of money will increase the bank's

inefficiency and will have a negative impact οη their performance. Also, a good strategy is 10

spend money both for advertising and communications rather than only ίη one of them ίη

order to be more effective.

5. 5tatement of limitations

5.1. Alternatives

Alternatively, one could approach the analysis from another point, without changing the

model's aim. For example, ίη the second-stage regression, different models specifying fixed

ΟΓ random effects rather than a simple pooled panel regression could have bring interesting

results for examination.

Moreover, a fulllog transformation of the inefficiency scores too could be interesting as we

could see the percentage change ίη the inefficiency as a result of the 1% change ίη the

money spending.

5.2. Weaknesses

As it is common ίη the research, ηο model is perfect. Τhe present study has also many

weaknesses that should be taken into consideration for further research.

First of all, the Γυη time of the algorithms, especially for Algorithm_l and Algorithm_2 is very

long. Depending οη the number of the statistics one wants to estimate, the number of

iterations of the lοορ, the length of the data and mainly the number of variables, especially

the environmentaI. Α faster computation of the same algorithms could be done ίη a faster

programming language ΟΓ even ίη R using some routines that could save time.

Ιη addition, the final models could be analyzed further checking for specification errors,

normality assumptions, and the general assumptions for the residuals. Αη econometric view

οη the final models could make the analysis more robust and reliable. Also, some kind of

survival analysis and different model comparison could be also done. 50me preliminary test

for stationari1y as well as test for the stability of the results would be a good support of the

findings.

6. Conclusion

6.1. Contributions

The aim of this thesis is to review this specific field of production economics, and more

precisely to analyze a specific tool commonly used ίη this area. Τhe resulted algοήthms of
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this study can be freely used from anyone who is interested ίη, and help next researchers

and students Ιο apply models like this ίη a click of the mouse rather than spending hours of

computing to do this.

The codes max_info_clean_data, create_balanced_ΡaneΙdata and create_variables are not

general purpose codes. They are used explicitly for the needs of this thesis. and an exact

replication of these οη other data rather than those used here wouldn't normally work. Qf

course, a careful modification of the fιlters, the dimensions and some other things among

the codes can turn these codes ίηΙο useful tools Ιο manage faster, easier and safer the raw

data.

It also provides a more clear explanation of what is going οη behind the theorγ of the two­

stage DΕΑ model ίη contrast with the diffιcult interpretation of the original paper fιnally

finds some interesting results about the impact of the advertising and communications

expense οη the inefficiency of the banks.

6.2. Importance

The importance of this thesis is not more than two things. The first one is the construction of

the algorithms that for the first time (at least as the search οη the internet showed) were

constructed and given for free as a full function. And secondly, the results about the effect

of the banks' spending οη their technical effιciencγ that show an interesting story οη the

banking efficiencγ field.
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7. Appendix

7.Ι. Oescription of the distance function

We can now express Υ ίη terms of its polar coordinates turning Υι ίηΙο (ηι. Οι). Το do that,

the angle and the distance are needed. Representing the angle of the ί ΙΙΙ DMU

corresponding to the Jfh output variable with 'IIJ and the distance with δ! as before, we

calculating the angle as

{στ Υιι > Ο

ί{ Υο == Ο

For the calculation of distance δί , though it's just the vertical distance from the ρoint to the

boundarγ (for technical efficiencγ) as reρorted before, is hard to be found lίke thIs for more

dimensions. So we set ω(Υl) == JY;Yi and we calculate the distance wtIh the following

formula that ίs identical to Ihe FarreII efficienI measure we demonstrated before (4).

δ _ ω(δ(Ζι.ΥιIΡ)Υι)

ι - ω(Υι)

Proof:

δ - ω(δ(Χ"Υ,IΡ)Υ,) - δ( -ΙΡ)
ι - ω(Υl) - Χι,Υι

δι == ω(δ(ZΙ'YΙ~P)Yι) => replacIng ω(Υι) wiIh Jy;y,
ω(Υι)

(31)

=> "(δ(Ζι.ΥιIΡ)ΥΙ)' δ(Ζι.ΥιIΡ)Υι ==> as δ(χι, Υι ΙΡ) is Ihe Farrell formula for Ihe distance and
Jy:y!

disIance is a scalar

=>

For J == ι, ... ,q - Ι and ί == Ι.... , n where n is Ihe total number of DMUs and Υο ==

[Υί.Ι "'Yl.q]. Now we can write Υι as (,11, δι) where Ihe angle '1, == [η"ι •... ,lJI,q-t],
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7.2. Draws from a left-truncated normal distribution

The error term uI with iid draws from a left-truncated Ν(Ο. σ2) distribution, truncated at a

constant c can easily be constructed following the steps suggested by Simar and Wίlson

(2007):

1) Compute the constant c as described ίπ the algorithm.

2) (ompute c' = ε/σ.

3) Generate V of length n to be uniform οη (Ο, 1).

4) Set ν' = Φ(c') + [1 - Φ(c')]v where Φ denotes the standard normal distribution

function.

5) Finally, compute the error term as u = σΦ-Ι(υ') where φ-ι denotes the standard

normal quantile function.

The estimated u is the error term drawn from the Ν(Ο. σΙ) distribution with left-truncatίon

at c.

7.3. Estimations ίπ the algorithms

The Algorithm_l and Algorithm_2 can be used for the estimation of confidence interνals for

other statistics rather than the coefficients and the standard deviation. Τhese statistics are

sigma, R2 , AIC, BIC and RMSE. Τhe sigma is just one of the coefficients automatically

estimated by the truncated regression. Τhe other statistics are programmed to compute as

follows:

For some reason, there is not R2 for truncated regressions ίη the whole lίteratureand its not

even given by any statistical software. 50, if the user ask for an estimation of R 2, a pseudo·

R2 is constructed following the properties of a general accepted form of R2 as the squared

correlation between the fitted values of γ (Υ) and the actual Υ as: cor(Y, 512. Τhe same way

as it would be ίη an OLS method.

If the user asked for the AIC (Akaike Information Criterion) it's constructed as:

AIC = -2 * logLik + 2 * m
Where IogLik is the lοg Likelihood of the estimated truncated regression model and m is

equal to (k+l), where k is the number of parameters estimated (constant + slopes) and the

+1 part is because the maximum likelihood method actually estimates the error term too (so

the error term is an estimator of the model too). (Ιη an OLS model the AIC would be the

same but replacing m with k).
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Almost the same happens with BIC (Bayesian Information Criterion ΟΓ Schwarz Information

Criterion), The formulas is:

BIC = -2. logLik + log(n). m

Where 2 is replaced by the log οί the number οί obserνations.

Functions for AIC and BIC there are already ίπ the basic R but it doesn't take care of the

speciaI case mentioned before about the truncated regression. so it was created from the

scratch inside the aigorithm as described.

Finally, the RMSE (Root Mean Square ErΓOr) is computed as:

RMSE = Jr:z
.
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7.4. Explanation of Algorithm_l_simplified

(Ι] Defines the algorithm 'Άlgοrίthrn_l_sίmΡlίfied"

[3-11) Checks if the needed package is already installed ίη the computer,

if ΠΟΙ, it installs ίΙ.

Then it l0ads the package.

This sequence happens fOf both the package "Benchmarking" and "trunreg".

(13) Sets a seed for re-productivity reasons.

[15-17] Sets the class of the variables χι Υ and Ζ as matrix ίη case that they are not because

some of the followJng external functions cannot cooperate with objects of different class

(e.g. data.frame).

(19] Checks if the matrix Ζ contains column names. If ποΙ, then it attaches names to everγ

variable it contaJns 5uch as (Ζ1, Ζ2, ... zr). This is because ίι causes troubles οη later

commands when the algorithm tries to extraet the names of the variables and finds nothing.

[19-22] It keeps asking a valid value for alpha it the user has mistakenly gave a value >=1 ΟΓ

<=0.

Finally, it saves the correct alpha (even if it was correct at the first time) as numeric because

some later calculation can't be done with "character" veetors that may be mistakenly saved

as by default.

[25-26] It defines the DΕΑ modei. The input data are χ and γ, RTS stands for Returns Το Scale

and it may be "CRS" (Constant Returns to Scale) ΟΓ "VRS" (Variable Returns to Scale) with the

"CRS" to be the default, the ORIENTATION may be "ίη" (input-oriented) ΟΓ ''out'' (output­

oriented) with the ''out'' to be the default.

Then saves the estimated efficiency scores (if ORIENTATION="in") ΟΓ inefficiency scores (if

ORIENTATION=''out'') at a variable named d_hat.

[29-47] The truncated regression part (2) ίη (Simar and Wilson, 2007).

[29-31) Sets the number of environmental variables at an object named r and defines two

vectors that will be used later.

[33-41) Checks if the model is output ΟΓ input oriented and creates the object dt which has

the values of d_hat except for the obseιvationswhere d_hat was <=1 where it replaces

these obserνationswith ΝΑ. The same check goes for the input oriented case with the οηlγ

exception of d_hat >=1 instead of d_hat<=1.

This is a necessarγ step ίη order to run a truncated regression.

Then the appropriate truncated regression model is computed and saved ίη mοdeΙd_hat.

[43] The cells where dt has NAs are saved ίη the objeet bad.

[44] Οηlγ the values of dt that are not NAs are stores ίη non_na_dt.
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(45] Because the truncated regression method has not an attribute for the residuals, the

residuals are estimated as γ_γΛ and stored ίη trunk_resid.

(46-47) The standard deviation of the residuals are saved ίη sd_hat and the constant term

and the slopes of the regression are saved ίη beta_hat.

(50-100) This is the step (3) as referred ίη (Simar and Wilson, 2007), although the actualloop

covers rows [69-99).

(50] It creates the matrix that will contain the estimated bootstrapped values of β, this

matrix is bootstrap_beta and its dimensions are [l,r+l).

[51] It defines the vectors bootstrap_sd that contains the bootstrapped value of σ.

[52] It sets the number of the inefficiency scores that are >1 (or the number of the efficiency

scores that are <1) ίη the object m.

[53-56] It defines the objects c, zb, d_star and beta_hat_star as vectors.

(57)1t defines the matrix z_m_dt that contains the values of Ζ which their corresponding

d_hat value is not ΝΑ. Thus, z_m_dt is the Ζ matrix that contains οηlγ m obserνations instead

of the initial n obserνations.

[59-65] Α lοορ that creates the point of truncation (c) that is needed ίη step (3.1) and the

object zb that contain the values Σj=ι PJzI,J'

(67)lt creates the object cc that contains the element that ίη (Simar and Wilson, 2007) is

referred as c'.

(69-99] The actual bootstrap lοορ.

(71-73] The remaining steps for the left-truncated draws and the creating of the error term

u.

(71] Creates the object v where it represents the uniform distribution οη (0,1) with m

elements.

(72] Creates the object w where it represents what ίη (Simar and Wilson, 2007) is referred

as v' and it is also of length m.

(73] Creates the desired error term u where each of its elements was drawn from

N(O,sd_hat) with left-truncatίonat ci = 1- Σj~ι PjZi,j'

[76] It computes the d* as step (3.2) describes (zb+u) and stores it ίη the object d_star.

[79-93] This is the last step of the bootstrap lοορ (3.3) that estimates the bootstrapped

statistics in everγ iteration.

(79-871 Checks if the model is output or input oriented and creates the object d_star_t

which has the values of d_star except for the obserνationswhere d_star was <=1 where it

replaces these obserνationswith ΝΑ. The same check goes for the input oriented case with
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the only exception of d_star >=1 instead of d_star<=1.

This is a necessary step ίη order to run a truncated regression.

Then the appropriate truncated regression model is computed and saved ίη trunk_d_star.

(89) The cells where d_star_t has NAs are saved ίη the object bad.

(91) Because the truncated regression method has not an attribute for the residuals, the

residuals are estimated as Υ-Υ" and stored ίη trunk_resid_2.

[92-93] The standard deviation of the residuals are saved ίη sd_hat_star and the constant

term and the slopes of the regression are saved ίη beta_hat_star.

[95-97) Stores each estimated bootstrapped value of beta_hat_star at the matrix

bootstrap_beta.

(98) it stores the estimated bootstrap values of sd_hat_star ίη the vector bootstrap_sd.

(100)lt binds the objects bootstrap_beta and bootstrap_sd into a matrix Α of length [Ι, r+2]

where Ι is the number of iterations and r is the number of the external variables. The two

extra columns are for the constant term and the standard deviation.

[103-152) Creates confidence interνals for the statistics.

(103) Defines the object quantiles for the storage of the bootstrap distribution quantiles. Its

dimensions are [r+2, 2] where (r+2) is the number of columns of Α.

[105-109) Α loop that stores the lower and the upper quantiles of the bootstrap distribution

of each statistic to object quantiles.

The lower quantile is the alphaj2 element of the sorted bootstrap distribution of each

statistic and the upper quantile is the 1 - alphaj2 element of the sorted bootstrap

distribution of each statistic.

[110-111) Creates the objects b_ci and p_ci with dimensions (r+2, 2], where (r+2) is the

number of columns of Α.

(112) Defines the object statistic as a vector.

(115-132) The Basic Confίdence Interνals

[116-119)lnserts the values (2·beta_hat - Upper quantile) and (2·beta_hat - lower

quantile) ίη b_ci that represent the lower and the upper confidence intervals respectively.

Where, beta_hat is the initial statistic.

[12D-121)lnserts the values (2·sd_hat - Upper quantile) and (2·sd_hat - lower quantile) ίη

b_ci that represent the lower and the upper confidence intervals respectively. Where,

sd_hat is the initial statistic.

(123] Turns the class of b_ci into data.frame.
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[125-126) 5ets the name of each Ρ ίη the object statistic{for example: Ρσ,βι.β2) and then

binds it to the object b_ci.

(127] Prints the results (Confidence Interνals) οη the screen with precision of 5 decimals.

[129-130J 5ets the name of σ "sd" ίη the object statistic and then binds it to the object b_ci.

(131) Prints the results (Confidence InteIVals) οη the screen with precision of 5 decimals.

[135-152) The Percentile Confidence InteIVals

(136-139jlnserts the lower and the Upper quantiles of the sorted bootstrap distribution of

each β ίη p_ci that represent the l0wer and the upper confidence inteIVals respectively.

(140-141] Inserts the lower and the Upper quantiles of the sorted bootstrap distribution of

σ ίη p_ci that represent the l0wer and the upper confιdence inteIVals respectively.

[143] Turns the class of p_ci into data.frame.

[145-146) 5ets the name of each β ίη the object statistJc{for example: βσ,βι.β2) and then

binds it to the object P3i.

(147) Prints the results (Confidence InteIVals) οη the screen with precision of 5 decimals.

[149-150) 5ets the name of σ "sd" ίη the object statistic and then binds it to the object p_ci.

(151) Prints the results (Confidence InteIVals) οη the screen with precision of 5 decimals.
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7.5. Explanation of Algorithm_2_simplified

(1) Defines the algorithm 'Άlgοrίthm_2_sίmΡlίfίed"

[3-11] Checks if the needed package is already installed ίπ the computer,

if not, it installs it.

Then it l0ads the package.

This sequence happens for both the package "Benchmarking" and "trunreg".

[13) Sets a seed for re-productivity reasons.

[15-17] Sets the class of the variables χ, γ and Ζ as matrix ίπ case that they are not because

some of the following eχternal functions cannot cooperate with objects of different class

(e.g. data.frame).

(19) Checks if the matrix Ζ contains column names. If not, then it attaches names Ιο everγ

variable it contains such as (Ζl, Ζ2, ... zr). This is because it causes troubles σπ later

commands when the algorithm tries to extract the names of the variables and finds nothing.

[19-22] It keeps asking a valid value for alpha it the user has mistakenly gave a value >=1 ΟΓ

<=0.

Finally, it saves the cοπectalpha (even if it was correct at the first time) as numeric because

some later calculation can't be done with "character" vectors that may be mistakenly saved

as by default.

[25-26] It defines the ΟΕΑ model. The input data are χ and γ, RTS stands for Returns Το 5cale

and it may be "CRS" (Constant Returns to Scale) ΟΓ "VRS" (Variable Returns to Scale) with the

"CRS" to be the default, the ORIENTATlON may be "ίη" (input-oriented) ΟΓ ''out'' (output­

oriented) with the ''out'' to be the default.

Then saves the estimated effιciency scores (if ORIENTATlON="in") ΟΓ inefficiency scores (if

ORIENTATlON=''out'') at a variable named d_hat.

(29-47] The truncated regression part (2] ίη (Simar and Wilson, 2007).

(29-31) Sets the number of envimnmental variables at an object named r and defιnes two

vectors that will be used later.

(33-41) Checks if the model is output ΟΓ input oriented and creates the object d_hat_t which

has the values of d_hat except for the observations where d_hat was <=1 where it replaces

these observations with ΝΑ. The same check goes for the input oriented case with the οηlγ

exception of d_hat >=1 instead of d_hat<=1.

This is a necessary step ίη order to run a truncated regression.

Then the appropriate truncated regression model is computed and saved ίη mοdeΙd_hat.

[43) The cells where d_hat_t has NAs are saved ίη the object bad.
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(45) Because the truncated regression method has not an attribute for the residuals, the

residuals are estimated as γ.γΛ and stored ίη trunk_resid.

(46-47] The standard deviation of the residuals are saved ίη sd_hat and the slopes of the

regression are saved in beta_hat.

(50-86] This is the step [3] as referred in (5imar and Wilson, 20071, although the actualloop

covers rows (66-86).

(50-53] It defines the objects c, zb and d_star as vectors and sets the object n equal to the

number of observations in Ζ.

(56-62) Α lοορ that creates the point of truncation (cl that is needed in step (3.1) and the

object zb that contain the values Σϊ:ι ΡIΖι)·

(64)lt creates the object cc that contains the element that in (5imar and Wilson, 2007) is

referred as c'.

(65) Defines the matrix Β with dimensions (n, ΙΙ) where ΙΙ is the number of iteration of the

first bootstrap.

[66-86] The actual bootstrap lοορ.

[68-70] The remaining steps for the left-truncated draws and the creating of the error term

u.

(68] Creates the object ν where it represents the uniform distribution on (Ο,Ι) with m

elements.

(69] Creates the object w where it represents what ίη (5imar and Wilson, 2007) is referred

as ν' and it is also of length m.

(70] Creates the desired error term u where each of its elements was drawn from

N(O,sd_hat) with left-truncatίonat cj = 1 - Σί=ι ΡιΖί.l.

(73] It computes the d* as step [3.2] describes (zb+u) and stores it in the object d_star.

(76-77] Constructs the new objects x_star and y_star.

[80-81] It defines the second ΟΕΑ model. The input data are x_star and y_star, RT5 stands

for Returns ΤΟ 5cale and it may be "CR5" (Constant Returns to 5cale) ΟΓ "VR5" (Variable

Returns to 5cale) with the "CR5" to be the default, the ORIENTATION may be "in" {input·

orientedl ΟΓ ''out'' (output-oriented) with the ''outNto be the default.

Then saves the estimated effιciency scores {if ORIENTATION="inNI ΟΓ inefficiency scores (if

ORIENTATION=''outN) at a variable named d_hat_star.

[83-85J Adds every estimated set of inefficiencies in columns of the matrix Β.

[88] Defines the object mean_dΙhat_staras a vector.

(90-92) 5tores the mean of everγ set of inefficiency scores into the object mean_dΙhat_star.
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(94) Computes the bias for each obserνation of the inefficiency scores and stores them ίη

the object bias.

[95] Computes the bias-corrected δ and stores it ίη the object d_2hat.

[98-114) This is the last step of the bootstrap lοορ (5) that estimates the bootstrapped

statistics ίη everγ iteration.

[98] Defines the object beta_2hat as a vector.

(100-108) Checks if the model is output ΟΓ input oriented and creates the object d_2hat_t

which has the values of d_2hat except for the obserνationswhere d_2hat was <=1 where it

replaces these obserνations with ΝΑ. The same check goes for the input oriented case with

the only exception of d_2hat >=1 instead of d_2hat<=1.

This is a necessarγ step ίη order to Γυη a truncated regression.

Then the appropriate truncated regression model is computed and saved ίη mοdeΙd_2hat.

[110] The cells where d_2hat_t has NAs are saved ίη the object bad.

[112] Because the truncated regression method has not an attribute for the residuals, the

residuals are estimated as γ_γΛ and stored ίη trunk_resid.

[113-114) The standard deviation of the residuals are saved ίη sd_2hat and the constant

term and the slopes of the regression are saved ίη beta_2hat.

[117-164) This is the step (6) as referred ίη (Simar and Wilson, 2007), although the actual

l00p covers rows (134-164).

(117) It defines the matrix that will contain the estimated bootstrapped values of β, this

matrix is bootstrap_beta and its dimensions are [Ι2,Γ+1).

[118] It defines the vector bootstrap_sd that contains the bootstrapped value of σ.

[124-130) Α lοορ that creates the point of truncation c_2 that is needed ίη step [6.1) and the

object zb_2 that contain the values Σ7=ι Ρ12υ·

(132)lt creates the object cc_2 that contains the element that ίη (Simar and Wilson, 2007) is

referred as c'.

(134-164] The actual bootstrap lοορ.

[136-138] The remaining steps for the lefHruncated draws and the creation of the error

term u.

(136] Creates the object ν_2 where it represents the uniform distribution οπ (0,1) with n

elements.
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[137] Creates the object νν_Ι where it represents what ίη (Simar and Wilson, 2007) is

referred as νΙ and it is also of length n.

(138) (reates the desired error term u where each of its elements was drawn from

N(O,sd_2hat) with left-truncation at cj = 1 - Σj=l PjZi,i and it's stored ίη the object υ_2.

(141)lt computes the d·· as step (6.2) describes (zb_2+u_2) and stores it ίη the object

d_2star.

[144-158) This is the last step of the bootstrap lοορ [6.3] that estimates the bootstrapped

statistics ίη every iteration.

[144-152) Checks if the model is output ΟΓ input oriented and creates the object d_2star_t

which has the values of d_2star except for the obserνationswhere d_2star was <=1 where it

replaces these obserνations with ΝΑ. The same check goes for the input oriented case with

the only exception of d_2star >=1 instead of d_2star<=1.

This is a necessary step ίη order to Γυη a truncated regression.

Then the appropriate truncated regression model is computed and saved ίη mοdeΙd_2star.

(154) The cells where d_2star_t has NAs are saved ίη the object bad.

[156) Because the truncated regression method has not an attribute for the residuals. the

residuals are estimated as Υ_ΥΛ and stored ίη trunk_resid.

[157-158] The standard deviation of the residuals are saved ίη sd_2hat_star and the

constant term and the slopes of the regression are saved ίη beta_2hat_star.

[160-162) Stores each estimated bootstrapped value of beta_2hat_star at the matrix

bootstrap_beta.

[163] it stores the estimated bootstrap values of sd_2hat_star ίη the vector bootstrap_sd.

1165] It binds the objects bootstrap_beta and bootstrap_sd into a matrix C of length ΙΙ2, r+2)

where Ι2 is the number of iterations and r is the number of the external variables. The two

extra columns are for the constant term and the standard deviation.

1168-217) Creates confidence interνals for the statistics.

1168] Defines the object quantίles for the storage of the bootstrap distribution quantiles. Its

dimensions are [r+2, 2) where (r+2) is the number of columns of C.

[170-174) Α lοορ that stores the l0wer and the upper quantiles of the bootstrap distribution

of each statistic to object quantiles.

The l0wer quantile is the αlphαj2 element of the sorted bootstrap distribution of each

statistic and the upper quantίle is the 1 - αlphαj2 element of the sorted bootstrap

distribution of each statistic.
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(175-176) Creates the objects b_ci and p_ci with dimensions [r+2, 2], where (r+2) is the

number of columns of C.

(177) Defines the object statistic as a vector.

(180-197) The Basic Confidence Interνals

[181-184] Inserts the values (2*beta_2hat - Upper quantile) and (2*beta_2hat - lower

quantile) ίπ b_ci that represent the l0wer and the upper confidence interνals respectively.

Where, beta_2hat is the initial statistic.

[185-186)lnserts the values (2*sd_2hat - Upper quantile) and (2*sd_2hat - Lower quantile)

ίπ b_ci that represent the l0wer and the upper confidence interνals respectiνely. Where,

sd_2hat is the initial statistic.

[188] Turns the class of b_ci into data.frame.

(190-191] 5ets the name of each Ρ ίπ the object statistic (for example: ΡΟ,ΡΙ.ΡΖ) and then

binds it to the object b_ci.

(192] Prints the results (Confidence Interνals) οπ the screen with precision of 5 decimals.

(194-195) 5ets the name of σ "sd" ίπ the object statistic and then binds it to the object b_ci.

(196) Prints the results (Confidence Interνals) οπ the screen with precision of 5 decimals.

[200-217] The Percentile Confidence Interνals

[201-204)lnserts the Lower and the Upper quantiles of the sorted bootstrap distribution of

each β ίπ p_ci that represent the l0wer and the upper confidence interνals respectively.

[205-206)lnserts the Lower and the Upper quantiles of the sorted bootstrap distribution of

σ ίπ p_ci that represent the l0wer and the upper confidence intervals respectiνely.

[208] Turns the class of p_ci into data.frame.

[210-211) Sets the name of each Ρ ίπ the object statistic (forexample: ΡΟ'ΡΙ'Ρ2)and then

binds it to the object p_ci.

[212] Prints the results (Confidence Interνals) οπ the screen with precision of 5 decimals.

[214-215] Sets the name of σ "sd" ίπ the object statistic and then binds it to the object p_ci.

(216] Prints the results (Confidence Intervals) οπ the screen with precision of 5 decimals.
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