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Abstract

The goal of this research is to describe applicatibdata envelopment analysis (DEA) to the
performance evaluations of bank branches. Spec@lsfis on how to incorporate quality
dimension into the branch efficiency. DEA will appio a set of micro-data of a Czech
commercial bank branch network.

In the banking sector providing services qualityise of the key focuses. Therefore quality
dimension should be incorporated into DEA modelalGy the quality adjusted DEA model
is to identify best practice branches that workcefhtly and the same time provide services
with high quality. This model avoids productivityrglity tradeoff, which is present by
standard DEA model. The quality of services is meas$ by customer service, mystery
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1. Introduction

The service economy has large proportion of theeldgnng countries’ economic activity and
its growing development has raised the importande n@aximizing organizations’
productivity. Organizations are searching for benalking technique to identify best
practices in supporting their decisions in ordereteive effective utilization of resources.

Organizations frequently use simple aggregate ratnalysis as a measure of their
productivity. According to Camanho and Dyson (19¥)amon (1999) and Reynolds (2004)
ratio analysis are not sufficiento measure productivity for organizations usingltiple
resources and provide multiple outcomes. To evalsaich organization’s performance it
needs more sophisticated, non-parametric benchntarkiethods. Further advantage of the
non-parametric method is the fact that it does required specification of the production
function form, which is required by parametric noath. Therefore managers are interested in
supporting their decisions by the use of acadenathodologies, Brazdik and Druska (2005).

The difficulties are further enhanced when theti@tship between the inputs and outputs are
complex and involve unknown tradeoffs as it is adyby Zhu (2009). Particularly difficult
problem is for service industries to improve iteguctivity and find substantial cost saving
without scarifying quality of service. There are nyasubjective factors that affect
productivity and service quality. A good exampldjene quality of services is an important
issue, is the banking sector. In banks such subgefactors influencing productivity includes
customers’ needs, behavior in receiving the sepgeevice provider’s judgment and skills in
providing service.

This research contributes to propose a methodotoggescribe an application of non-
parametric benchmarking method, data envelopmemiysis (DEA) for performance
evaluations of bank branches. The advantage of ¥EAbility to measure the relative
efficiency of branches by simultaneously analyzthgir multiple resources with multiple
outcomes. Based on the literature, there is prapasd apply three different methods how to
incorporate quality dimension into the branch éficy. Empirical results are discussed on a
set of micro-data of a Czech commercial bank brarettvork (the bank).

In the banking sector providing services qualityise of the key focuses. Therefore quality
dimension should be incorporated into DEA modelalGy the quality adjusted DEA model
is to identify best practice branches that workcefhtly and the same time provide services
with high quality. This model avoids productivityrglity tradeoff, which is present by
standard DEA model. The quality of services is meas$ by customer service, mystery
shopping and calls, client information index, rét@mand client product penetration.

At the end of last century in the Czech Republicksavere focusing solely only on growth of
new business volume and on new customer acquisienently due to also financial crises,
however they are encouraged to optimize their nessuas well. They identified that with

cost optimization is possible to receive furthepiovements. Moreover it becomes more
important to maintain customer retention, to hawuable customers via selling more
products to existing customers. Success is onlgiplesby high quality service.

% The drawback of ratio analysis is its univariaséune.



The paper is organized as follows. The followingt®® contains brief literature review on
DEA research with special attention of studies wgality measurement. Section three
discusses the details of bank branch network proyidervices for clients. Focusing on the
input and output specification according to the iwaiion system and long term strategy.
Section four gives the overview of the theoretib®A framework. It also specifies three
different methods how is possible to incorporate tjuality dimension. The fifth part

summaries the results obtained by non-parametrithode and the last section makes
conclusion with policy implications.

2. Literature review

The original CCR model (Charnes, Cooper and Rhoti@gg) is the first DEA model that
evaluates technical efficiency in a multiple inguid multiple output framework. After that
the DEA technique has become a widely used approaafficiency analysis in many public
and private sectors like universities, non-proffjanizations, hospitals and banks. The paper
Emrouznejad et al. (2008) presents the most extetisting of DEA research covering its 30
years of history, theoretical developments and eongbiapplications.

During the 1990s DEA method has been frequentlg isevaluate performance of financial
and banking organizations. Efficiency review ofafitial institutions is described in Berger
and Humphrey (1997). Several studies have beeyzethkolely efficiency of bank branches.
Their comprehensive branch performance review lidighied by Camanho and Dyson (1999).

Oral and Yolalan (1990) and Oral et al. (1992) stigate in their empirical studies the
relationship between branch efficiency and its ipgofurther Giokas (1991) in his paper first
time evaluates branch efficiency with respect efdlze. It was followed by studies Drake and
Howcroft (1994), Tulkens (1995), Schaffnit et dl997) and Athanassopoulos (1998). Drake
and Howcroft (1994) reported that more efficierdrimhes had lower cost-income ratios. They
utilize data from a UK bank branch network. Schiafét al. (1997) use data from a large
Canadian bank to show that branch efficiency hassitive effect on profit. Camanho and
Dyson (1999) describe an application of DEA to pleeformance assessment of Portuguese
bank branches and show how DEA can complementrtfeégtility measure.

Later Sevcovic et al. (2001) focus on the probldra suitable choice of efficiency measures

and they show how these measures can influenctésie®ataset was provided by one of the

leading banks in Slovakia. Most recently IrsovaO@0compares two methods in bank

efficiency, stochastic frontier approach and DEAjck are supported by the meta-regression
part including several studies on the USA and ttemsal countries.

Callen (1991) early identifies that most DEA stwdi@o not consider the quality of the

services or products. Excluding quality can resuitsapplying methods that increase

efficiency by reduction quality. Quality in manyeas is critical, but is not included in DEA

models. These researches assume that the qudliyrisgenous among investigated units or
quality is independent of efficiency. Only few DE£udies explicitly address quality.

First Sherman and Ladino (1995) used DEA to sulisignimprove its branch productivity
and profits while maintaining service quality. Atlassopoulos (1997) in his DEA study of a
Greek bank branch network considers the relatipnehithe DEA productivity scores with
quality. Bank branch operations are demonstratedhbyeffort made by management to
pursue the banks’ corporate objectives which ctsmdise tangible part described by the



operating efficiency and the intangible part chteazed by the quality of the provided
services. The effort effectiveness is estimated elnybodying three quality dimensions
approachability, location and telephone serviceesEhindependent quality measures are
developed based on customer surveys and the isttiglationship between quality and the
outputs in the DEA model. The study however, dadscombine operating efficiency and the
quality into the effort effectiveness, the DEA sspare calculated without quality adjustment.
It requests for research to find ways how to priypesmbine quality and efficiency Sherman
and Zhu (2006).

Further Soteriou and Zenios (1999) gain superisight by analyzing simultaneously the
design of operations together with the qualityhef provided services and profitability, rather
than by benchmarking these three dimensions sebar@ither measures of service quality in
banking are discussed in Athanassopoulos and G{@K&s®).

Only few DEA studies explicitly address quality atiibse that consider it have not fully
adjusted for quality. This paper suggests how twaene and fully adjust the standard DEA
method by quality dimension. It also evaluates hlogvresults change due to different quality
measurement.

3. Banking sector providing services for clients

Each DEA model is constructed for special reasorsolve concrete requirement. Therefore
formulation of DEA problem requires an understagdoi the production process, assumes
deep industry knowledge, organization strategieth ey motivation elements as well as
identification of the appropriate input (resourcasyl output (outcomes) factors.

Strategy

The bank’s long term goal is on grow of businessfipthrough selling deposit and loan
products. However it is hard to manage the newmeki Branches have only limited control
over their new volumes that are determined by ezaldiactors, mainly by sales potential of
the region. In order to receive a long term prgfibw in such competitive industry, it is
possible only by focusing also on other essent@hmonents. Therefore banks’ recent
strategy has focused also on rationalization ofteyg branches, cost optimization and
redeployment of surplus staff to new ones (stefnladdition special focus is on the quality
how the service is provided to the clients in ordemeet their needs (step I1).

The key activity of the bank is based on the opamadf branch network, which represent the
main contact point between customers and manageshéme bank. Officers in branches sell
various types of deposit and loan products to geaaeprofits. Therefore branches and their
employees are service providers. They have to stated customers’ needs, sell appropriate
products and provide services in high quality imlevrto receive their loyalty and make
customer more valuable. Branches in order to opextiiciently, they need to solve not only
simply cost minimizing strategy, but also attractstomers by offering high quality of
services.

Branch network



Organization within the branch network and produttprocess is the following. There are
large, medium and small branches based on theibauof employeés In branches there are
four types of client officers. Universal client wirs are responsible for teller activities
(standard transactions such as deposits, withdsalwahk checks). Officers deal with general
and simply customer queries (opening bank acco@avgl insurance, payment and credit card
administration). Advisers deal with more complexiaties according to its specializatitn
Personal and firm bankers advise for most valuel@ats, care about their product portfolio.
Finally branch directors manage client officers &l care about the most important issues.

Performance evaluation

The bank uses two different methods to analyzep#mrmances of its branches. The first is
based on the volume of new busiffessithin a year. Specialists measure savings and loa
volumes separately on retail and firm portfoliosaviigs contain all major deposit and

investment products: current and saving accouats) teposits, investment funds, pension
funds, housing savings, single and regular lifeiiasce. Loans include all products with loan
characteristics: consumer loans, credit cards,dvaéty housing loans, mortgages, investment
loans, revolving, factoring and leasing. Measuredues are compared with the plan

determined by top management and then the weigitedages of ranks in each category
describe the final branch rank performance.

Second method emphasizes more the branch activisrities are defined as number of
sold products (investment, housing loans and mgeg@anon-specified loans, SME loans)
within a year and net increase in number of aathents per number of branch employees. It
has two dimensions — actual stage and growth. Bemceceive rankings in each category.
Some branches are new with high growth in theseifadut have poor actual stage. Most of
the branches already have very good actual staigkawe slow growth in several indicators.
The best branches have very good actual stageeamgcdigh growth in most of variables and
they are a best practice branches for others. ®@nother hand opposite branches need a
special focus, because they have poor actual isituaith poor growth. It is necessary to find
out what is the reason, external factors or a poammagement.

Advantage of the second method is that betteratsflefficers’ effort. While in a city with
high purchasing power on one investment deal acbraan receive a new volume of several
million CZK but effort from the officers side is éhsame as in the small village for the
investment in a volume of several thousand CZK. Tifaee active officers have a branch,
then the better ranking receive by this method.

Results of both methods are entering to the matimagystem for client officers, their bonuses
are depending on them. The motivation system shigfldct company’s long term strategy

and should fairly reward the employees’ efforthistdirection. The management of the bank
identified that long term strategies should have ased only on financial indicators (first

method), but also how it is received, how muchreffoneeded (second method).

* Small branches have up to 10 employees, mediunthes have up to 20 employees and large branches ha
more than 20 full time employees.

® For example, retail investment advisers offer isesvin investments to the funds, firm loan addeslp firms
to find out the most appropriate loan to their hass.

® New business volume is measured as a differerteeeba a stage at the end of the yteand at the end of the
yeart-1



Standard DEA application

Any of above mentioned methods does not take imtocbnsideration employee structure of
branches and external factors such as region’$hpaintg powerThey are not able to find out
what it is the source of inefficiency and how taldeith them in order to receive efficient
environment. Furthermore even the second method doketake into the account the quality
of service. Just considering on activity is onlysleort term issue. To maintain long term
excellent results it is necessary to know more ahbe clients and their needs, increase
product penetration, have higher client retentidis is possible to reach only by high quality
service. Models excluding quality dimensions asstimae quality is homogenous through the
branches.

Appropriately defined DEA model is able to solversoof the above mentioned weaknesses
of the current performance measurements. Goal efptbposed standard DEA model is to
find out the optimal resource allocations and mimanthe branch costs. It contains the
following input and output factofs

The best indicator for branch resources is thedbraize. To estimate the branch size, number
of branch employees is used, because personaltetsta major part of overall branch costs.
In total there are three input (resource) variabl8SO FTE — universal client officers and a
branch director, Retail FTE — advisors and perstwaakers for retail clients, SME FTE —
advisors and firm bankers for non-retail clientSERmeans number of full time employee, i.e.
number of employees is adjusted by maternity lehoBdays, part-time workers, illness and
training. It explains how much full-time-employee®re present in a certain period in the
branch.

There are four output measures: retail loans (qoesuoans, credit cards, overdraft, housing
loans, mortgages), retail savings (current andngaaccounts, term deposits, investment
funds, pension funds, housing savings, single agllar life insurance), SME loans
(overdraft, investment loans, revolving, factoremgd leasing) and SME deposits (current and
saving accounts, term deposits, investment funds).

There are three different specifications. Firstipati factors are measured as new volumes
within a year. This method favorites branches mgdeacities, where clients are more likely to
invest higher amount, buy mortgages with higheueabr where there are located bigger
firms who are searching for large investment loéecond, output factors are measure as
above but the volumes are divided by branch’s t@urchasing power ind&xn order to
eliminate the effect of that external factor, tm@vdiscrimination of otherwise equally good
officers employed in the region with low purchasipgwer. Results expected to be more
homogenous.

Third, output factors are measured as number of s@d products, which reflect rather the
client officers’ activities. The motivation behirttis specification is that to measure what
client officers are able to influence. They areeabol influence with their service that a certain
client will buy mortgage in the bank and not at gwmpetitors, but they are not able to
influence the volume of the mortgages. We belidwa tlient officers with their services are
able to influence mostly the number of sold produdherefore output in the model is

" Full definition of factors are iAppendix, Table Al
8 It is a complex index taking into the considemtieveral external factors such as unemploymest,afdiving
etc and therefore it is the most appropriate irtdica



measured by number of sold products, which shoeldalresult of high quality service,
number of meetings with clients and other officerauable efforts.

Quality adjusted DEA application

The standard DEA model however is not quality aggisand assumes that quality is
homogenous among branches. However this is notaae. Therefore the basic DEA model
is enhanced by the quality dimension. There are fuality measurements: service quality
index, client information index, product penetratimdex and client retention. The paper
demonstrates short term interaction among serviedity and operating branch efficiericy

Banking market is very competitive and banks canooger grow rapidly just through new

acquisition. It becomes more important to have afallel customers via selling more products
to existing customers and maintain customer raienBoth of them are only possible by high
quality service. Therefore bank’s actual strategfptus more on the qualtfy Service quality

is considered very important because of high coitigeton the market and the value of
retaining customers.

If you know more about your customers you can beti@nage customer relationship and you
know better what customers need and what theiraste are. Consequently you can sell them
more appropriate products. Customers will be matesfeed, will be more loyal and will
return. Their churn will be lower and the bankimék long term business growth. Therefore it
is important to measure and be under the contresehindicators. There are several
measurements how bank currently controls and tmi@screase the service quality

First, the bank creates a Service quality indexiciwhthas three parts: customer service,
mystery shopping and mystery call. Each of themfosusing on quality of officers’
willingness and proficiency. Customer service isegain type of a meeting between a client
officer and an existing customer in order to mamta customer relationship, to identify
customer needs and finally increase probabilitgdth a new product. Client officer should
proactively address clients and thoroughly prepar@dvance for the meeting based on
available information about clients, their pastdwand interests. Correctly done customer
service meetings encourage branch sales resulesefbine client officers are motivated to
arrange meetings with clients and they have tadllfdértain number of customer service
meetings with their customers. Fulfillment of tharch plan is given by a score for customer
service.

Mystery shopping is evaluated by a mystery shopusing as customer from an external
consulting firm. Mystery shopper visits a branctomder to receive information about certain
type of products, for advice in investment or toeige mortgages and other loan products.
During the visit he evaluates several aspect ofstheice, mainly quality and correctness of
provided information as well as way of communicatiwith a customer. In advance mystery
shopper is educated how the high service qualityaks like, what is the correct answer and

° In reality, however, service quality has substireffect on branch efficiency rather on the loagrt. Due to
lack of data for long term, we estimate only therskerm interaction.

19 Recent situation on the financial markets furtbenfirm that quality of services is an importaneraknt.
Customers require more explanation about the imest products, put their savings where they feahore
safety or searching for more appropriate mortgalgasfit to their needs and are flexible enoughh#y do not
see a high quality service or confidence they duickange the bank for another one or just leae& gavings
at home. Customers start to value the quality pfises.

M Full definition of quality indicators are isppendix, Table A2



what he can do and cannot do. After the visit He & certain document, where is indicated
which tasks are fulfilled and which are not. Basedthis figures a branch receive another
quality score. Each time the visit of mystery shapfmcuses on the different topic, product
needs or client officer’s seniority level. Mysterall is very similar to mystery shopping, but

in this case mystery customer calls to the bra@tlent officers have to give a correct answer
on the counterparty question and offer a persone¢timg in the branch. Based on the
behavior of officer and the correctness of the amsvbranch receive the third quality score.
Finally these three quality scores are put togedinercreate a complete service quality index,
which is evaluated on the monthly bases.

Second, it is client information index. Client a#rs should put into the internal systems
information about clients, like phone numbers, ésndD cards, education, job, incomes and
expenses. Client information index expresses hovehmaformation is recorded in the
internal system about the branch customers. Ofsepuhere is a causality problem between
owned products by customer and available custoniermation at the banks. Selling certain
products like mortgages is conditioned to delivéoteof special information from customers
regardless how active are officers. Basic prodsat$ as current accounts or savings do not
need any additional information from clients toided. However, more active officers should
receive more information from customers regardigsish products their own.

Third, it is a product penetration indéxlt is very important to have customers with more
than one product. Customers with more productdem® likely to leave the bank. Therefore
the bank’s long term objective is a good crossirggllClient officers are motivated to sell

mortgages together with life insurances and pogsit@dit cards as well. For customers who
open just a current account is recommended to it card with advantaged travel

insurances for the whole family. In this way thexdéower probability that customer is going

to make a business at the competitors, will be roy@ and generate higher profit.

Forth, it is a client churn or retention. Monitdreat churn (and the reasons for leave) is
inevitable. Active customers are the most importasgets. Dissatisfied clients with quality
service are more likely to leave. Therefore clieténtion is a good estimation of the service
quality.

All these aspects contribute to the overall perfamoe of the branches and they are controlled
fully by client officers (SQI index) or partiallycljent information index, product penetration
index and client retention). Therefore they shooédincorporated to the DEA model. The
paper demonstrates interaction among service guadd operating branch efficiency.

4. Methodology
Section three gives the overview of the theoretidBIA framework. It also specifies three
different methods how quality is possible to inargie. The proposed methodology follows

Sherman and Zhu (2006) on a real data from a braettork.

4 .1Standard DEA framework

12 penetration index is based on Finalta definitidech of the following products is counted with aqueight:
current account, saving account, term deposit,stmeent fund (including pension savings), life irmswe,
consumer finance (including consumer loan, ovetdaaid credit card) and mortgage.



DEA is a linear programming technique for measurglgtive efficiency of a homogenous set
of Decision Making Units (DMUs, in this study thage branches) by analyzing their multiple

inputs with multiple outputs. It identifies a subsé efficient best practices branches through
a piecewise linear envelopment of observed datatheorest branches the magnitude of their
inefficiency is measured by the distance from theeéope of best practice branches. DEA
derives summary measure of efficiency for each dirait also derives what would be the

optimal combination of input and output for ineffiot branches. This means that DEA allow
us not only to say whether a certain branch isciefiit or not, but also which inputs and

outputs are the sources of inefficiency.

The original CCR model (Charnes, Cooper and Rhoti@gg) is the first DEA model that
evaluates technical efficiency in a multiple inpmd multiple output framework. CCB model
assumes constant return to scale, i.e. outputeaserby the same proportional as inputs. This
assumption is appropriate only when all DMUs operat an optimal scale. In general
however this is not true in many sectors. Bankiegt@ is a good example, where there is a
significant difference between small and large bh&s’ activities. This indicates the
existence of variable return to scale. Therefordig paper BCC model (Banker, Charnes and
Cooper, 1984) is applied to estimate efficiency,iclvhassumes variable return to scale.
During the 1990s DEA technique has become a widedd approach for efficiency analysis
in many public and private sectors like universitiaon-profit organizations, hospitals and
banks. We use input-orientéd(cost-minimizing) BCC models, where envelopmentdeio
and its dual specifications are demonstrateGainle 1

Envelopment model Multiplier model
m S S
mind-£(Q_ s +.s") maxy_ /Y, + 4
i=1 r=1 r=1
Sst. Sst.

DAX S =6, i =12.m| >y, D vx +4<0j=12..n
j=1 r=1 i=1

Input — oriented DEA Z;/‘jyrj —S =Y.l =12,..5 Zl:vixio =1

j= i=
n M =2E>0r=12,..5
YA =1 .
= vze>0i=12,..m
A,20,j=12...,n
s 20i=12...m

s =20r=12,..,s

X.=@'x, -5 ,i=12,..m

Efficient target ;o .o
yro - yro +Sr = 1,2,...,5

Table 1- Input-oriented BBC model with variable return to sadEnvelopment model and its dual problem Multipiedel

13 Expansion on the market is limited, and it is mdiféicult to manage output increase than optinigin
resources. We assume that outputs are given exogenaoiables and searching for optimal input fatea
branch. Therefore input oriented strategy is ch@sghwith this kind of strategy is possible to ieedurther
improvements as earlier discussed.



In the model there are branches, where every brapdh 1,2,...,n producess outputs in
different amountsy;; (r=1,2,...9 using m inputs in different amounts; (i=1,2,...,m. In

addition £ > 0 is a non-Archimedean element defined to be smé#flen any positive real
number. The presence ofn the objective function effectively allows the mmization over

6 to preempt the optimization involving the slacks,s’ > (@ooper, Seiford and Zhu,
2004).

Branch is efficient if and only if6”= 1 and s‘k = sf* = Ofor all i andr. Branch is weakly

efficient if and only if¢”= 1 and 51‘* %0, sf # Ofor some andr.

The complete theoretical background of the apdl&d methods is described more in details
in studies such as Cooper et al. (2004) or ZhuqR0rhe efficiency measurement used in this
study was created by Tone (1993) with respect apg@rtional and non-proportional slacks. It

was followed by Sevcovic et al. (2001) that alsalgre several choices of efficiency

measures. The next sections describe how to enhamteully adjust the standard DEA

method by quality dimension.

4.2Method | — Quality indicator as an Output in DEA model

This is the first method, which reflects qualitymdinsion in branch performance. In this
specification basic DEA model is enhanced with orage output, with quality indicator. It is
true that the DEA efficiency will not be decreaskddditional output is included. Therefore
some branches, which were inefficient in a stan@d#d model, are getting to be efficient. In
addition there could be several branches, whiclefii@ent but have low quality measured by
a certain indicator. In these cases high produgteompensates for low quality. Quality —
productivity tradeoff is present. However in marppkcations this kind of tradeoff is not
acceptabl¥'. Benchmark branches should have high productiwitph high quality. In the
following Model Il and Il1, there are suggestior®to avoid quality — productivity tradeoff.

4.3Method Il — Quiality indicator as an independent fa¢or

In Method I, quality indicator is not included the basic DEA model, but it is treated
independently. In this way it is possible to avqidhlity — productivity tradeoff. All branches
have two independent dimensions productivity (frdBA model) and quality. Each branch
has its own place in the two-dimension chart. Itnecessary to set a cut-off for high
productivity and a cut-off for high quality in a wéhat meets its operation objectives. Cut-off
for high productivity should be 1 and for high gtiashould be the top 20 or 50 percentile
through all branches. The two-dimension chart i$it sgp into four quadrants: high
productivity and high quality (HP-HQ), high prodwaty but low quality (HP-LQ), low
productivity but high quality (LP-HQ) and finallpw productivity and low quality (LP-LQ).
Branches in the quadrant HP-HQ are the best peatteénchmark branches. In this two-
dimension chart it is possible to depict relatiopdietween efficiency and quality. However,
efficiency measurement with respect of qualityas possible to quantify with this model.

Similar approach was done by Camanho and Dyson9j1%%here authors situated bank
branches in efficiency — profitability matrix anchadyzed relation between the DEA

14 Or should be within a certain limit

10



efficiency measure and profitability measure usgdabbank. Soteriou and Zenios (1999)
published similar method enhanced by quality of gbevices in banks. In addition Brazdik
and Druska (2005) applied the DEA efficiency scere@evenue performance chart for a
mobile telecommunication network.

4.4Method 1ll — Quiality adjusted DEA model

Another way how to eliminate quality — productivitnadeoff and simultaneously quantify
efficiency measurement with respect of quality asapply quality-adjusted DEA model.
Quality-adjusted DEA model is a multi-level DEA neddvhere non-efficient branches are
compared only with best practice branches thateffieient (first level) with high quality
(multi level).

More precisely, at the end of each level the edficy score is calculated for all branches
according to the DEA model that includes qualitsneinsion too. Those branches which are
efficient but with low quality are eliminated and dot enter to the next level. This iteration is
finishing at that level, where all efficient bramshhave high quality as well. Therefore they
are benchmark branches. Inefficiency score of @leilobranches are calculated relative to
these best practice branches according to varimsiehmark methods applied on e-commerce
banking activities Cook et al. (2004) and lateZu (2009)

5. Results
5.1Standard DEA framework

In this section there is a summary of results oleihiby non-parametric DEA models. The

empirical results are received from the analysid&5 bank branches based on their figures
for the year 2007. These branches deal with indad&l and small business enterprise
accounts as well. Their activities are consideredeasonable homogenous. The input and
output specificatiof? of standard DEA model with their descriptive stidis are infable 2

Variables Obs. Median Mean St. dev. Min Max
Inputs (in # persons)

SME FTE 185 0.0 2.1 3.6 0.0 15.8
Retail FTE 185 1.3 2.5 3.3 0.0 19.4
UCO FTE 185 7.0 8.8 5.5 2.8 32.1
FTE 185 8.9 13.4 11.7 3.0 64.0
Outputs (in million CZK ) M —Volume *

Retail Savings 185 58 94 135 0 1269
Retail Loans 185 74 110 124 2 898
SME Deposits 185 52 90 121 0 836
SME Loans 185 252 322 204 0 1257
Outputs (in million CZK ) M —Volume

Retail Savings 185 56 86 124 0 1276
Retail Loans 185 72 100 99 2 677
SME Deposits 185 51 83 107 0 841
SME Loans 185 244 309 209 0 1264
Outputs (in # contracts) M - Count

Retail Savings 185 1257 1682 1269 206 6642
Retail Loans 185 363 444 287 61 1657
SME Deposits 185 106 150 145 4 925
SME Loans 185 48 71 63 0 310

15 Defined earlier and are ippendix, Table Al
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Table 2 — Description statistics of inputs and outputs of stendard DEA mod#| data are related to the year 2007

There are three specification of the standard DE&Aeh First, output factors are measured as
new volumes within a year (M-Volume*). Second, irder to eliminate the effect of
purchasing power as an external factor outputsregasured as new volumes within a year
adjusted by region purchasing power (M-Volume).r@hbutput factors are measured as
number of new sold products (M—Count). Models basednew volumes identify 33-34
branches as fully efficient and 151-152 branchesneficient, i.e. 18% of branches are
efficient, seeTable 3 The average efficiency of all branches in themoek is 74%. Model
developed on number of sold products, however,tiiye4 branches as efficient and the
average efficiency is 84%. These results indiché¢ branches are more homogenous with
respect of number of new sold products and theiatians are lower. However the average
efficiency 74-84% implies that there are resenasirhprovement through optimal resource
allocations.

Model Number of efficient branches Median Mean St. dev. Min Max
M-Volume* 33 74% 74% 19% 27% 100%
M-Volume 34 72% 74% 19% 28% 100%
M—-Count 54 89% 84% 15% 49% 100%

Table 3 — Average efficiency of the branch network, M-Volunsebased on new volumes, M—Volume is based on new
volumes adjusted by region purchasing power, M—Cizupdsed on number of new sold products

According to the characteristics of efficient braes it is possible to recommend the optimal
branch size. Efficient branches are mainly (54-58%all branches with 4-6 universal client
officers as it is shown iitable 4 However among efficient branches there are 6-g&8iom
sized and 7-13 large branches as well. Advisonsooal and firm bankers are efficient only
for medium and large branches. Most of the efficimanches are located in Region A and
Region G’. In Region A there is the highest purchasing powsdch has positive external
effect on the branch efficiency in the model M—\fokt. On the other hand Region G has the
lowest purchasing power, where excellent managenoénbranches over performs the
negative external factor.

Model Number of efficient branches Branch size Branch category Region

M-Volume* 33 5-6 FTEs (4) Small (20) Region A (10)
M—-Volume 34 5 FTEs (5) Small (20) Region G (10)
M—-Count 54 4 FTEs (7) Small (29) Region G (13)

Table 4 — Characteristics of efficient branches, in brackets aumber of branches with the most frequent charéstic

Findings indicate that optimal branch network sHboabntains high number small sized
branches with only universal client officers andheomedium and large branches focusing on
personal and firm bankers’ and advisors’ activitie®st frequent branch size of 4-6 FTEs
indicates that the optimal branch size should khiwihis interval. Moreover, in the future it
will be optimal to open rather small branches aleggoy client officers from larger branches
to several small ones.

Efficiency score was used to find out performarmekings of branches. The sensitivity of
results with respect to input-output model speatfins was evaluated by calculating
Spearman rank correlatibhcoefficients and by testing statistics for sigrafice of rank

18 volume of new business is defined as differendwéen end-year and start-year stage. Thereforehean
could have negative grow of AUM or loans. Theseifig are entering to the model as zero outputs.

" Regions are characterized by its purchasing poRegion A has the highest purchasing power, whigiéh
G has the lowest purchasing power

18 Defined in the paper Spearman (1994), which ismomly used to compare rankings
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correlation coefficients. Results Trable 5shows that all estimated correlation coefficieares
significant, but there is only moderate positivéatienship between average efficiency by
models M—Volume and M—Count, i.e. branches whighaperate efficiently with respect of
sold products are not necessary operate efficiemilly respect of new volumes on those
products. These results suggest not a high sebsibifvinput-output model specification.

Obs. M-Volume* M-Volume M-Count
M-Volume* 185 1.000
0.902

M—-Volume

185

(0.000)

1.000

M-Count

185

0.316
(0.000)

0.423
(0.000)

1.000

Table £ — Spearman ranlocrelation coefficients among three standard DEAdelie M—Volume*, M—Volume, M—Count

In order to identify determinants of efficiency melation analysis was dofie Interestingly,
there is negative relationship among M—Volume, Me@oand purchasing powefFable 6
This indicates that branches with higher purchagioger are less efficient because they are
not able to fully utilize the regions good purcimgspower, they do not sell enough number of
products or they do not have enough high volumesew products. They have comparable
new volumes on deposit and loan products with brasén lower purchasing power regiths
but after eliminating positive effect of purchasipgwer the relative value of new volumes on
products are tend to be lower. It is true espacialt Region A, where the purchasing power
is the highest one.

Obs.

M-Volume*

M-Volume

M—-Count

PP

185

0.077
(0.299)

0.179
(0.015)

-0.432
(0.000)

FTE

185

-0.254
(0.000)

-0.246
(0.001)

0.037
(0.621)

Table 6 — Correlation coefficients among average efficien@éshree standard DEA models (M—Volume*, M-VoluMe,
Count), external factors like purchasing power (PRjl&ranch size (FTE), Obs. — number of observatowalues are in
the brackets

Another inside gives a negative relationship betwkk-Volume efficiency and the branch
size, i.e. larger branches are less efficient imseof new product volume. However branch
size has no influence on efficiency by number dd gooducts.

In Table 7there are reported average efficiency results mgipect of region and branch size.
There are significant variations among regions lrahch sizes. Region A is only a region
where average efficiency is lower in the model Mitvioe than M—Volume* (p-value at t-test
of means is 0.000). It is due to the highest pwsititapower in the region that branches are
not able to fully utilize. Branches in Region A dhe less efficient ones according to number
of new sold products. There is a place for improgetnMost efficient branches are in Region
D.

19 Regression analysis gives similar results, theeefiee present only the correlation coefficientshvtvalues
2 There is no correlation between M—Volume* efficigrand purchasing power, i.e. the correlation 6§ 0.
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Large branches Medium branches
M- St. M- St. M- St. M- St. M- St. M- St.
Region Volume* | dev. | Volume | dev. Count | dev. | Obs. | Volume* | dev. | Volume | dev. Count dev. | Obs.
Region A 89% 18% 83% 20% 84% 17% 10 77% 19% 63% 17% 60% 15% 7
Region B 56% 8% 57% 11% 83% 6% 3 59% 14% 65% 22% 72% 18% 5
Region C 44% 12% 48% 16% 89% 12% 6 61% n/a 69% n/a 94% n/a 1
Region D 57% 11% 60% 12% 91% 16% 3 74% 17% 77% 17% 98% 3% 6
Region E 46% 11% 49% 12% 74% 9% 5 62% 8% 64% 9% 70% 15% 3
Region F 74% 20% 77% 19% 92% 10% 4 75% 22% 81% 22% 91% 13% 7
Region G 66% 27% 70% 24% 89% 18% 6 57% 18% 66% 20% 94% 7% 9
All 65% 24% 66% 22% 85% 14% 37 67% 19% 70% 19% 83% 18% 38
Small branches All branches
M- St. M- St. M- St. M- St. M- St. M- St.
Region Volume* | dev. | Volume | dev. Count | dev. | Obs. | Volume* | dev. | Volume | dev. Count dev. | Obs.
Region A 77% 15% 69% 14% 73% 14% 21 80% 17% 72% 18% 73% 17% 38
Region B 78% 15% 78% 14% 84% 15% 16 71% 17% 73% 17% 81% 15% 24
Region C 74% 16% 75% 18% 83% 15% 15 65% 20% 67% 21% 85% 14% 22
Region D 88% 11% 89% 10% 94% 8% 12 79% 17% 82% 16% 95% 8% 21
Region E 80% 14% 80% 14% 85% 12% 20 72% 18% 73% 18% 81% 13% 28
Region F 81% 19% 81% 18% 87% 13% 12 78% 20% 81% 19% 89% 12% 23
Region G 79% 20% 84% 20% 93% 9% 14 70% 23% 75% 22% 92% 11% 29
All 79% 16% 79% 16% 84% 14% | 110 74% 19% 74% 19% 84% 15% 185

Table 7 - Average branch efficiency according to regionsnatasize and DEA models

In general it is true that larger branches are ééssient with respect to the new volume. The
explanation should be in the branch organizatiand in fact that larger branches have larger
customer portfolio which includes higher proportiminless valuable clients. The exception is
in Region A, where large branches are the mostieffi. Behind of this interesting result is
the fact that in Region A small branches are rmid#ilone branches but are connected to one
of the large branches.

5.2Quality indicators

Four main types of quality indicators — penetratiodex, service quality index, client
information index and retention — are investigatethore details.

Correlation among quality indicators

Interestingly there is a relevant positive relasioip between penetration index and retention,
Table 8 Branches where clients have in average morerdiffeproducts tend to have more
loyal customers as well. There is naturally negatoorrelation between all factors and
product 1, which is defined as percentage of custerwith exactly one product. The most
important part of SQI index is mystery shopping ($Qand mystery call (SQI Ill), which
are highly correlated. However there is low cotielabetween customer service (SQI I) and
other parts of service quality index. It is becansmber of customer service meeting is rather
guantitative indicator and other parts of servicaliy index measure real quality service.
Those branches that have high quality service lmavether hand less number of customer
service meetings, which indicate a certain levetadeoff.

% They employ more special client officers like meral and firm bankers or advisers who are not &bhing
sufficiently valuable clients to the branch poritol
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Penetration | Product 1 Product 2+ Product 3+ sal sall salll Nelyll] Retention | Information
Penetration 1.000
-0.959
Product 1 (0.000) 1.000
0.962 -0.999
Product 2+ (0.000) (0.000) 1.000
0.948 -0.827 0.832
Product 3+ (0.000) (0.000) (0.000) 1.000
0.261 -0.324 0.324 0.170
sal (0.000) (0.000) (0.000) (0.021) 1.000
0.228 -0.250 0.255 0.175 0.634
sall (0.002) (0.001) (0.000) (0.017) (0.000) | 1.000
0.211 -0.282 0.278 0.121 0.798 0.186
salll (0.004) (0.000) (0.000) (0.102) (0.000) | (0.011) 1.000
0.147 -0.209 0.207 0.082 0.714 0.270 0.612
sal il (0.046) (0.004) (0.005) (0.265) (0.000) | (0.000) | (0.000) 1.000
0.491 -0.473 0.475 0.472 0.151 0.053 0.144 0.098
Retention (0.000) (0.000) (0.000) (0.000) (0.040) | (0.471) | (0.051) | (0.186) 1.000
0.016 0.048 -0.043 0.078 0.196 0.044 0.200 0.164 0.135
Information (0.825) (0.518) (0.564) (0.289) (0.007) | (0.553) | (0.006) | (0.025) (0.066) 1.000

Table 8 — Correlation coefficients among quality indicatorserietration — penetration index, Product 1- portafrcustomers with
exactly one product, Product 2+ - portion of cusesmwith more than 1 products, Product 3+ - portimincustomers with more
than 2 products, SQI — service quality index, SQklstomer service, SQI Il — mystery shopping, IBQImystery call, Retention
— percentage of customers who were active in théenfear, Information — client information indexyplues are in the brackets

Correlation between quality indicators and externalfactors

There are significant relationship among branchraittaristics, efficiency results and quality
indicators. Branch size measured as FTE has negatitrelation with SQI specially SQI II
and IlIl, but positive relationship with SQI I. Thisdicates that at larger branches there are
lower quality services, they are rather focus omamgilty as number of customer service
meeting. Hence there should be large tradeoff batvgeiality and quantity. At these branches
the organization is not effective. There is a bigrdrchy at the expense of the quality. On the
other hand, in small branches client officers kreagh other. They can easily cooperate and
help to each other which finally indicate higherveme quality appreciated by customers
measured by mystery shopping or mystery dalladdition Table 9 shows weak positive
correlation between branch size and penetratioexindhe biggest the branch the more
products their clients tend to have. However there significant relationship with retention.

Quality indicator Obs. FTE PP M-Volume M-Count
0.196 -0.303 0.179 0.327
Penetration index 185 (0.007) (0.000) (0.015) (0.000)
-0.113 0.432 -0.202 -0.394
Product 1 185 (0.126) (0.000) (0.006) (0.000)
0.114 -0.430 0.205 0.393
Product 2+ 185 (0.121) (0.000) (0.005) (0.000)
0.245 -0.149 0.138 0.224
Product 3+ 185 (0.001) (0.043) (0.062) (0.002)
-0.240 -0.515 0.210 0.317
SQl Total 185 (0.001) (0.000) (0.004) (0.000)
0.213 -0.307 0.051 0.186
sal | 185 (0.004) (0.000) (0.494) (0.011)
-0.387 -0.475 0.196 0.266
salll 185 (0.000) (0.000) (0.008) (0.000)
-0.467 -0.390 0.194 0.200
sal 185 (0.000) (0.000) (0.008) (0.006)
0.051 -0.039 0.013 -0.021
Retention 185 (0.495) (0.599) (0.864) (0.781)
-0.160 0.242 0.094 0.017
Information 185 (0.029) (0.001) (0.203) (0.814)

Table 9 — Correlation coefficients among branch size (FTE)ichasing power (PP), average efficiency (M—Volume, M
Count models) and quality indicators, Obs. — nundferbservation, p-values are in the brackets
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Purchasing power has negative correlation with patien index and SQI. As the highest
purchasing power is in region A, there is lowestvise quality and also lowest product
penetration on customers. The latter is due tcelapgoportion of foreigners in region A who
have patrticularly just one product — current acto&uarther purchasing power has slightly
positive relationship with client information indexd no relationship with retention. Results
demonstrate that client officers know better tloeistomers in region with higher purchasing
power.

Average efficiency of M—volume and M-—count modelas hpositive relationship with
penetration index and SQI. These are the most i@pbguality indicators, which influence
the branch efficiendy. On the other hand, there is no connection ametention, client

information index and efficiency.

5.3Method | — Quality indicator as an Output in DEA model

This is the first specification of standard DEA mebdwhere quality is included as an
additional output factor. In order to test sengiiwf results by adding one additional quality
output factor Spearman rank correlation coefficiat calculated. All estimated correlation
coefficients are significant and their value ramgéween 0.870-0.991, which suggests a low
sensitivity of model specification. This is in liméth the arguments in section 4.2.

However, here it is demonstrated that this DEA nhalies not solve the tradeoff problem
between quality and productiviy The tradeoff is present and its magnitude diffeith
respect of a quality indicator, branch size andoregs it is shown iTable 10-11below?”.

M-Count model M-Volume model
Quality indicator Obs. Efficiency St. dev. Effective Trade off Efficiency St. dev. Effective | Trade off
Penetration 185 85% 15% 60 28% 75% 19% 42 29%
Product 1% 185 88% 14% 73 53% 79% 19% 45 44%
Product 2+ 185 85% 15% 58 26% 75% 19% 39 36%
Product 3+ 185 85% 15% 62 32% 75% 19% 40 30%
sQl 185 86% 15% 67 31% 75% 19% 41 34%
sall 185 87% 15% 77 36% 77% 19% 50 32%
salll 185 86% 15% 63 37% 76% 19% 45 31%
sQl 185 87% 15% 73 41% 76% 19% 44 36%
Retention 185 85% 15% 61 44% 75% 19% 37 51%
Information 185 86% 15% 66 55% 75% 19% 38 47%

Table 1C — Tradeoff by quality indicator and model type, Béfity — average efficiency by the DEA model, St. de
standard deviation of efficiency, Effective — numiifeeffective branches, Tradeoff — percentageffeicéve branches with
low quality, Obs. — number of observation

The productivity-quality tradeoff ranges between5%46 with std. deviation 9% in case of
M—-Count model and it ranges between 29-51% withdadiation 8% in case of M—Volume
model. There is high tradeoff in M—Count and M-Make models with quality indicator
mystery shopping (SQI Il) and that is valid maialylarge brancheBable 11 Similar results

are for mystery call (SQI Ill). Here high produdtyv compensate for low quality. Large
branches have lower quality measured by mysterpmhg and mystery call but they are

2 Again similar result is obtained by regressionlysia.

23 Cut-off for high productivity is set at 1 and a@ff-for high quality is set at the level of 50% pentile through
all branches.

4 Tradeoff by quality indicator and region is showrppendix, Table A3.

% Quality indicator Product 1 is an “opposite” ingliior, the highest is the worst quality and consetiuéf you
want to compare the tradeoff results with otheemithou should calculate 100% - actual tradeoff.
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more focus on the quantity. As a consequence tiseselarge productivity-quality tradeoff.
Interestingly, large tradeoff at retention indigai® driven by smaller branches. On the other
hand, lowest tradeoff is assigned to DEA model vpénetration index. Penetration index
itself is a good predictor for efficiency and tHere there is a lowest tradeoff.

M-Count model M-Volume model

Quality indicator LB MB SB All LB MB SB All

Penetration 20% (3) 23% (3) 34% (11) 28% (17) 11% (1) 38% (3) 32% (8) 29% (12)
Product 1 56% (9) 53% (9) 53% (21) 53% (39) 44% (4) 40% (4) 46% (12) 44% (20)
Product 2+ 29% (4) 23% (3) 26% (8) 26% (15) 38% (3) 38% (3) 35% (8) 36% (14)
Product 3+ 12% (2) 31% (4) 44% (14) 32% (20) 0% (0) 43% (3) 38% (9) 30% (12)
sal 57% (8) 24% (4) 25% (9) 31% (21) 75% (6) 38% (3) 20% (5) 34% (14)
sal | 32% (6) 39% (7) 38% (15) 36% (28) 25% (3) 50% (5) 29% (8) 32% (16)
salll 64% (9) 23% (9) 31% (11) 37% (23) 63% (5) 38% (3) 21% (6) 31% (14)
sal il 73% (11) | 53% (8) 26% (11) | 41%(30) | 100%(7) | 63% (5) 14% (4) 36% (16)
Retention 25% (4) 29% (4) 61% (19) 44% (27) 38% (3) 71% (5) 50% (11) 51% (19)
Information 69% (6) 63% (5) 44% (12) 55% (23) 57% (4) 63% (3) 39% (10) 47% (17)

Table 11 — Tradeoff (percentage of effective branches with leslity) by quality indicator and branch size, LBlarge
branch, MB — medium sized branch, SB — small braimcbrackets are number of observations

Volume of tradeoff by region is presentAppendix, Table A3There is large tradeoff in DEA
models with quality indicator service quality indé€83%-100%) in region A, which clearly
indicates that in region A client officers are matied by the quantity of the sold products and
the quality is just on the second place. Howewmvgekst tradeoff is in region F.

5.4Method Il — Quality indicator as an independent facor

In the second specification of standard DEA modsllity is treated independently to avoid
quality-productivity tradeoff. Each branch is chaeaized with its DEA and quality score.
Based on these scores they are in one of the feanlrgnts defined in the previous section.
Average efficiency and average value of qualityigatbrs within these quadrants are present
in Table 12and inAppendix, Table A4

Best practice branches are in quadrant 1. Thenageeefficiency score is 100% and average
value of quality indicator is above the cut-off wal Branches in quadrant 2 are those, where
efficiency is 1 but the value of quality indicaierow, it is below the cut-off.

M - Count Average efficiency Average value of quality indicator
Quality indicator 1 2 3 4 All 1 2 3 4 All Cut-off
Penetration 100% (37) | 100% (17) | 80%(56) | 76% (75) | 84% | 1.61 | 1.48 | 1.60 | 1.46 | 1.54 1.54
Product 1 100% (15) 100% (39) 76% (74) 81% (57) | 84% | 0.62 | 0.54 | 0.63 | 0.55 | 0.59 0.58
Product 2+ 100% (39) 100% (15) 81% (56) 75% (75) | 84% | 0.46 | 0.37 | 0.45 | 037 | 041 0.42
Product 3+ 100%(34) 100% (20) 79% (61) 77%(70) | 84% | 0.12 | 0.08 | 0.12 | 0.07 | 0.10 0.10
sal 100% (34) 100% (20) 81% (59) 75%(72) | 84% | 0.89 | 0.81 | 0.90 | 0.82 | 0.85 0.86
sal | 100% (28) 100% (26) 80% (61) 76%(70) | 84% | 092 | 0.78 | 094 | 0.77 | 0.85 0.87
sal ll 100% (32) 100% (22) 83% (63) 74%(68) | 84% | 0.74 | 0.57 | 0.76 | 0.57 | 0.66 0.67
sal lll 100% (25) 100% (29) 83% (67) 73%(64) | 84% | 0.93 | 0.85 | 094 | 0.85 | 0.89 0.90
Retention 100% (27) 100% (27) 77% (59) 79%(72) | 84% | 0.94 | 091 | 094 | 091 | 0.92 0.92
Information 100% (20) 100% (34) 79% (71) 76% (60) | 84% | 2.01 | 169 | 2.02 | 1.64 | 1.84 1.81

Table 12 — Average efficiency and average value of qualitydabrs according to the quadrants, 1 — high pratiity and
high quality (HP-HQ), 2 — high productivity but layuality (HP-LQ), 3 — low productivity but high quigliiLP-HQ), 4 — low
productivity and low quality (LP-LQ), Cut-off — isaut-off value for high quality, defined as a 50%aaatile value of
quality indicator, in brackets are number of obsgions

In order to make more visible which branches aechisst practice ones and which are able to
make improvements by increasing quality or proditgti branches are depicted in the two-
dimension graphs, sedéigure 1 In general, the correlation among efficiency andlity
indicators is low as it is reported Trable 9 which is also clear oRigure 1
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Figure 1 — Scatter plots, branches are depicted in the 2-dsimers graph DEA score and quality indicators (Peaiidn
and Retention)

This model specification allows identifying benchinéranches that will move the bank to
higher productivity and quality. However model istrpossible to quantify efficiency with
respect of quality.

5.5Method Ill — Quality adjusted DEA model

In the final specification of standard DEA modelpguctivity-quality tradeoff is completely
eliminated by multi-stage quality adjusted DEA micdeHere all inefficient branches are
compared to the best practice branches, which fliceeat with high quality. The average
efficiencgyé Is the highest at this specification doguality adjustment as it is demonstrated in
Table 13"

No quality Quality as output Quality adjusted
Standard DEA Method | Method Il
M-Count Obs. Efficiency St. dev. Efficiency St. dev. Efficiency St. dev.
Penetration 185 84% 15% 85% 15% 89% 13%
Product 1 185 84% 15% 88% 14% 91% 13%
Product 2+ 185 84% 15% 85% 15% 89% 13%
Product 3+ 185 84% 15% 85% 15% 88% 14%
SQl Total 185 84% 15% 86% 15% 88% 15%
sall 185 84% 15% 87% 15% 90% 14%
salll 185 84% 15% 86% 15% 89% 13%
sQl il 185 84% 15% 87% 15% 91% 12%
Retention 185 84% 15% 85% 15% 91% 11%
Information 185 84% 15% 86% 15% 92% 11%

Table 13 — Comparison of average efficiency, No quality — steaddEA model, Quality as output — Method | wheualdy
indicator is an additional output factor, Qualitgpsted — Method Il quality adjusted DEA , Effitdy — average efficiency,
St. dev. — standard deviation of efficiency

When efficiency is increasing, the potential costluctions are decreasing. Within the
standard DEA model the suggested cost saving is O8%other hand, the total potential cost
reduction by Quality adjusted DEA model is abou¥al @vhich is significantly lower than the

amount suggested with standard DEA model not asfjusty quality. It was also tested
whether the average efficiency is the same by adthods and the results of t-tests
demonstrate that there are significant differenceaverage efficiency on the significance
level 5%%® This result clearly indicates that service qualitygs significant impact on

efficiency of branch network and it should be inpmmated to DEA models and operational
processes.

% All estimated Spearman rank correlation coeffitieare significant and their value range betweé&ts3.
0.961, which suggests a low sensitivity of modelcfication.

2" Results for M—Volume models areAppendix, Table A5-A7

% Due to limited space detailed results are notmtepdn the paper
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Distribution of branches according to their effiuitgg score is shown ifable 14 There are
41-54 best practice branches and another 27-60cheanthat are efficient but with low
guality services. There are 11-31 branches witicieffcy score below 70%, which means that
costs (number of FTES) at these branches is pestibteduce at least by 30% in order to
operate efficiently.

M - Count Average efficiency is below
Quality indicator Best practice HP-LQ 90% 80% 70% 60% 50%
Penetration 48 27 26 30 13 5 0
Product 1 42 60 21 19 13 6 0
Product 2+ 48 25 31 27 15 5 0
Product 3+ 48 32 25 26 16 9 0
sal 49 30 20 24 19 12 0
sall 54 35 19 24 12 9 1
salll 45 28 23 28 14 7 0
sal 54 44 21 21 14 4 0
Retention 41 44 22 23 14 1 0
Information 49 48 19 24 10 1 0

Table 14 — Distribution of branches based on efficiency sdoyeQuality adjusted DEA model, Best practice — nenmrdf
best practice branches, HP-LQ — number of branalbikh have high productivity but low quality, Averagfficiency is
below X% — number of branches which have efficieooyeshbelow X%

Characteristics of best practice branches are wraitin Table 15 It indicates that best
practice branches are mainly in region G with lawmschasing power and they are small
branches with 4-6FTEs. Proportion of small branahigisin the best practice branches is 39-
67% depending on a quality indicator used.

M - Count Best practice
Region FTE Branch category

Quality indicator All Region # % FTE # % Branch category # %
Penetration 48 Region G 12 25% 4 6 13% SB 22 46%
Product 1 42 Region A 9 21% 4 5 12% SB 26 62%
Product 2+ 48 Region G 13 27% 4 7 15% SB 25 52%
Product 3+ 48 Region G and D 11 23% 4 7 15% SB 21 44%
sal 49 Region G 12 24% 4,6 5 10% SB 29 59%
sall 54 Region G and D 12 22% 4 7 13% SB 26 48%
salll 45 Region G 12 27% 4,6 5 11% SB 27 60%
sal 54 Region F 12 22% 4 8 15% SB 36 67%
Retention 41 Region G 12 29% 4 4 10% SB 16 39%
Information 49 Region A 13 27% 4 6 12% SB 27 55%

Table 15 — Description of best practice branches with respdategion and branch size, SB — small branch, # miper of
branches within benchmarks, % — percentage of brastipe branches with a certain characteristic

This is a surprising result. Managers based oo mtalysis assumed that small branches are
rather not efficient and large branches are conmsitidhe best performers. Also it is
documented that the best practice branches ardymaiRegion G and not in Region A as it
was assumed by the bank. These results howevén &ne with other DEA studies, such as
Sherman and Zhu (2006).

6. Conclusion

In this paper there were three methods appliedntmrporate quality dimension into
performance of bank branches. Quality of servicaeasured through service quality, product
penetration, client information and retention indé¥e identified that productivity — quality
tradeoff exists and it is possible to avoid by rrl@ivel quality adjusted DEA model, where
benchmark branches have not only high productivitiyhigh service quality as well. Results
show that service quality has significant impact lmanch efficiency and it should be
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incorporated to DEA models and operational proces$be paper demonstrates the short
term interaction among service quality and opegaliranch efficiency.

From a policy perspective, the paper provides ewddethat there are real reserves for
improvement, average efficiency is 74-84%, whiclpossible to realize by optimal resource
allocations and increasing service quality. We fond that the main factors of efficiency,
quality and productivity-quality tradeoffs are bcarsize and region characterized by complex
indicator purchasing power. There is documentet Iirger branches are less efficient than
small ones. Results also show that branches imeien with highest purchasing power are
not able to fully utilize their opportunities, whiégmplies lower efficiency. Branches which
are operate efficiently with respect of number ofdsproducts are not necessary operate
efficiently with respect of new volumes on thoseducts. In addition, branches are less
homogenous with respect to new volume than by numieew sold products.

Benchmark branches are mainly small ones and atberregion with lowest purchasing
power despite of the managerial expectation. Howetlee results are in line with other
studies conducted to DEA research. The most fraqoptimal branch size is of 4-6 FTEs
indicates that optimal branch size should be witthis interval. In the future it will be
optimal to open rather small branches or redepliognic officers from large inefficient
branches to several small efficient ones. Moredusdings indicate that branch network
should contains high number small sized branchél wamly universal client officers and
some medium and large branches focusing on persomlfirm bankers’ and advisors’
activities.

Most important quality indicator to explain effioey is product penetration. Further the

quality level and magnitude of productivity-qualttadeoff differs by branch size and region.

Those branches that have high quality service nedsoy mystery shopping and mystery

call have on other hand less number of client sermeeting, which indicate a certain level of
tradeoff. Findings demonstrate that large brandbess more on the information index and

customer service meetings, while small branchesnare interested in mystery shopping and
mystery call). Interestingly branches in regiothahigh purchasing power have worse results
in terms of product penetration, mystery shoppingd mystery call than branches with low

purchasing power. Largest productivity-quality #aff was found at large branches with

respect of quality indicators mystery shopping anstery call.
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Appendix

Inputs (in number of persons)

SME FTE Average number of FTEs, advisors and firm bankers for non-retail clients
Retail FTE Average number of FTEs, advisors and personal bankers for retail clients
UCO FTE Average number of FTEs, universal client officers and a branch director
Outputs (in min CZK), Model M-Volume*

Retail savings

Volume of new retail savings (current and saving accounts, term deposits, investment funds, pension funds, housing
savings, single and regular life insurance)

SME deposits

Volume of new SME deposits ( current and saving accounts, term deposits, investment funds)

Retail Loans Volume of new retail loans (consumer loans, credit cards, overdrafts, housing loans, mortgages)
SME Loans Volume of new SME loans (overdrafts, investment loans, revolving, factoring, leasing)
Outputs (in min CZK), Model M-Volume

Retail savings

Volume of new retail assets under management (current and saving accounts, term deposits, investment funds,
pension funds, housing savings, single and regular life insurance) divided by branch's town purchasing power index

SME deposits

Volume of new SME assets under management ( current and saving accounts, term deposits, investment funds)
divided by branch's town purchasing power index

Volume of new retail loans (consumer loans, credit cards, overdrafts, housing loans, mortgages) divided by branch's

Retail Loans . .
town purchasing power index

SME Loans Volume of new SME loans (overdrafts, investment loans, revolving, factoring, leasing) divided by branch's town
purchasing power index

Outputs (in number of contracts), Model M—Count

Retail savings

Number of retail deposit products - current and saving accounts, term deposits, investment funds, pension funds,
housing savings, single and regular life insurance

SME deposits

Number of SME deposit products - current and saving accounts, term deposits, investment funds

Retail Loans

Number of retail loan products - consumer loans, credit cards, overdrafts, housing loans, mortgages

SME Loans

Number of SME loan products - overdrafts, investment loans, revolving, factoring, leasing

Table A1 —Description of input and output factors used in DiaAdels, data are related to one year period in7200

Quality indicators

Description

Service quality index , SQ/ | Measured by % and has three components: customer service, mystery shopping and mystery call

Customer service, SQ/ I.

fulfillment of the branch plan in %.

Certain type of a meeting between a client officer and an existing customer in order to maintain a customer
relationship, to indentify customer needs and increase probability to sell a new product. Measured as a

mandatory factors in %.

Certain type of a branch visit in order to evaluate several aspect of the service: quality and correctness of
Mystery shopping, SQI II. provided information and way of communication with a customer. Measured as a fulfillment of

all

Mystery call, SQ/ /1l

of all mandatory factors in %.

Certain type of a phone call in order to evaluate several aspect of the service: quality and correctness of
provided information and a way of communication with a customer by phone call. Measured as a fulfillment

Client information
Information

index, Average number of available client information: education, job, id card, phone number, e-mail, income and

expense

index, Penetration

Product penetration

mortgage.

Average number of products per customer based on Finalta definitions. Each of the following products is
counted with equal weight: current account, saving account, term deposit, investment fund (including
pension savings), life insurance, consumer finance (including consumer loan, overdraft, and credit card) and

Client retention,
Retention

year 2007.

Percentage of active customers at the end of the year 2006 that were still active customers at the end of the

Table A2 —Description of quality indicators used in DEA madel
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M-Count Region A Region B Region C Region D Region E Region F Region G All
Penetration 43% (3) 50% (2) 20% (1) 23% (3) 0% (0) 40% (4) 27% (4) 28% (17)
Product 1 10% (1) 30% (3) 57% (4) 69% (9) 71% (5) 58% (7) 71% (10) 53% (39)
Product 2+ 57% (4) 25% (1) 20% (1) 25% (3) 0% (0) 30% (3) 20% (3) 26% (15)
Product 3+ 25% (2) 50% (2) 33% (2) 15% (2) 17% (1) 50% (5) 40% (6) 32% (20)
SQl Total 83% (5) 20% (1) 29% (2) 38% (6) 17% (1) 9% (1) 31% (5) 31% (21)
sal | 71% (5) 67% (4) 38% (3) 29% (5) 14% (1) 21% (3) 39% (7) 36% (28)
salll 67% (4) 17% (1) 38% (3) 38% (5) 17% (1) 50% (5) 29% (4) 37% (23)
sal il 67% (4) 29% (2) 38% (3) 56% (9) 0% (0) 23% (3) 56% (9) 41% (30)
Retention 57% (4) 100% (4) 57% (4) 50% (6) 40% (2) 20% (2) 31% (5) 44% (27)
Information 33% (4) 75% (3) 60% (3) 46% (6) 60% (3) 73% (8) 56% (9) 55% (36)

M-Volume Region A Region B Region C Region D Region E Region F Region G All
Penetration 29% (2) 33% (1) 33% (1) 17% (1) 0% (0) 25% (2) 42% (5) 29% (12)
Product 1 17% (2) 33% (1) 50% (2) 60% (3) 67% (2) 50% (4) 60% (6) 44% (20)
Product 2+ 71% (5) 50% (1) 33% (1) 20% (1) 0% (0) 25% (2) 36% (4) 36% (14)
Product 3+ 29% (2) 33% (1) 67% (2) 0% (0) 33% (1) 14% (1) 42% (5) 30% (12)
SQl Total 100% (7) 0% (0) 0% (0) 40% (2) 33% (1) 0% (0) 36% (4) 34% (14)
sall 44% (4) 25% (1) 33% (1) 29% (2) 33% (2) 20% (2) 36% (4) 32% (16)
salll 100% (7) 0% (0) 0% (0) 75% (3) 33% (1) 0% (0) 25% (3) 31% (14)
sal 63% (5) 25% (1) 0% (0) 50% (3) 0% (0) 13% (1) 60% (6) 36% (16)
Retention 43% (3) 100% (2) 100% (3) 60% (3) 0% (0) 29% (2) 55% (6) 51% (19)
Information 25% (2) 33% (1) 0% (0) 60% (3) 100% (2) 29% (2) 80% (8) 47% (18)

Table A3 — Tradeoff (percentage of effective branches with ¢mality) by quality indicator and region — Methogd ih
brackets are number of observations

M - Volume Average efficiency Average value of quality indicator

Quality indicator 1 2 3 4 All 1 2 3 4 All Cut-off
Penetration 100% (22) 100% (12) 68% (71) 69% (80) | 74% | 1.61 | 1.48 | 1.60 | 1.47 | 1.54 1.54
Product 1 100% (14) 100% (20) 68% (75) 69%(76) | 74% | 0.62 | 0.54 | 0.64 | 0.55 | 0.59 0.58
Product 2+ 100% (20) 100% (14) 69% (75) 68% (76) | 74% | 0.47 | 038 | 0.45 | 0.36 | 0.41 0.42
Product 3+ 100% (22) 100% (12) 67% (73) 70%(78) | 74% | 0.12 | 0.08 | 0.12 | 0.08 | 0.10 0.10
sQl 100% (20) 100% (14) 71% (73) 67%(78) | 74% | 0.90 | 0.82 | 0.89 | 0.81 | 0.85 0.86
sall 100% (18) 100% (16) 68% (71) 69% (80) | 74% | 0.93 | 0.80 | 093 | 0.76 | 0.85 0.87
sall 100% (20) 100% (14) 71% (75) 66%(76) | 74% | 0.74 | 056 | 0.76 | 0.57 | 0.66 0.67
sal 100% (18) 100% (16) 72% (74) 65%(77) | 74% | 094 | 085 | 0.94 | 0.85 | 0.89 0.90
Retention 100% (15) 100% (19) 68% (71) 69% (80) | 74% | 0.94 | 091 | 093 | 091 | 0.92 0.92
Information 100% (16) 100% (18) 69% (75) 68%(76) | 74% | 2.04 | 166 | 2.01 | 1.66 | 1.84 1.81

Table A4 — Average efficiency and average value of qualitycatbrs according to the quadrants in Method Il DEWdel,
1 — high productivity and high quality, 2 — highoguctivity but low quality, 3 — low productivity bligh quality, 4 — low
productivity and low quality, Cut-off — is a cut-offlue for high quality, defined as a 50% percentialue of quality
indicator, in brackets are number of observations

No quality Quality as output Quality adjusted
Standard DEA Method | Method Il
M-Volume Obs. Efficiency St. dev. Efficiency St. dev. Efficiency St. dev.
Penetration 185 74% 19% 75% 19% 78% 19%
Product 1 185 74% 19% 79% 19% 83% 18%
Product 2+ 185 74% 19% 75% 19% 80% 18%
Product 3+ 185 74% 19% 75% 19% 77% 19%
SQl Total 185 74% 19% 75% 19% 78% 19%
sall 185 74% 19% 77% 19% 81% 19%
salll 185 74% 19% 76% 19% 80% 19%
sal 185 74% 19% 76% 19% 83% 17%
Retention 185 74% 19% 75% 19% 85% 16%
Information 185 74% 19% 75% 19% 77% 19%

Table A5 —Comparison of average efficiency, No quality — stadd2EA model, Quality as output — Method | whereliqya
indicator is an additional output factor, Qualitgpsted — Method Il quality adjusted DEA , Effitdy — average efficiency,
St. dev. — standard deviation of efficiency
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M - Volume Average efficiency is below
Quality indicator Best practice HP-LQ 90% 80% 70% 60% 50%
Penetration 32 15 117 101 70 36 14
Product 1 33 37 97 77 52 29 11
Product 2+ 32 20 108 91 60 27 8
Product 3+ 34 14 120 100 72 41 15
sal 30 20 112 97 71 38 14
sall 35 27 101 82 60 33 13
salll 37 24 110 94 62 33 11
sal 37 31 95 80 53 19 6
Retention 36 33 95 75 38 17 3
Information 26 20 118 103 75 37 14

Table A6 — Distribution of branches based on efficiency sdoyeMethod Il - Quality adjusted DEA model, Besigiice —
number of best practice branches, HP-LQ — numbébrafches which have high productivity but low qyalihverage
efficiency is below X% — number of branches whiarehetficiency score below X%

M - Volume Best practice
Region FTE Branch category

Quality factor All Region # % FTE # % Branch category # %
Penetration 32 Region G 7 22% 4 5 16% SB 18 56%
Product 1 33 Region A 12 36% 6 5 15% SB 20 61%
Product 2+ 32 Region G 9 28% 4 4 13% SB 18 56%
Product 3+ 34 Region G 8 24% 4 8 24% SB 19 56%
sal 30 Region F 10 33% 5,6 4 13% SB 22 73%
sall 35 Region F 8 23% 4 7 20% SB 21 60%
salll 37 Region G 10 27% 5,6 5 14% SB 26 70%
sal 37 Region F 10 27% 5 6 16% SB 27 73%
Retention 36 Region F 10 28% 4 6 17% SB 23 64%
Information 26 Region A and F 7 27% 4 6 23% SB 19 73%

Table A7 — Description of best practice branches in Methodalith respect of region and branch size, SB — shralhch, #
— number of branches within benchmarks, % — pergentd best practice branches with a certain chanastie
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