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ABSTRACT

This�paper�is�the�first�DEA�evaluation�of�the�efficiency�of�a�sample�of�mutual�fund�com-

panies�in�a�large�Euro�fund�industry.�Our�novel�network�model�links�the�efficiency�of

the�core�competency�activities�of�a�mutual�fund�company�with�the�efficiency�of�its�oper-

ational�management�function.�Our�results�highlight�the�important�networking�effects�at

the�marketing�stage�and�question�the�prime�role�of�the�portfolio�management�skills�in

the�overall�efficiency�of�a�mutual�fund�company.�The�application�of�non-parametric�tests

also�provides�a�significant�persistence�phenomenon�in�the�efficiency�rankings�obtained

by�our�network�model.�Finally,�the�application�of�SBM�Variation�III�(Tone,�2010)�to�our

network�complex�allows�us�to�find�a�large�number�of�globally�inefficient�but�locally�effi-

cient�companies�with�reference�to�competitors�with�similar�resources.

JEL CLASSIFICATION: G10,�G20

kEYwORDS: Mutual� fund� companies;� Network� DEA;� Portfolio� Management

Efficiency;�Marketing�Efficiency;�Operational�Management�Efficiency.

1. INTRODUCTION

We� would� like� to� thank� Laura� Andreu,� Manuel� Armada,� Mircea� Epure,� Francisco

González,�Alexander�Kempf,�Terry�Hallahan,�Cristina�Ortiz�and�the�participants�of�the
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XX�AEFIN�Finance� Forum� for� their� insightful� comments� to� this� paper.�We� are� also

grateful� to� financial� support� provided� by� Government� of� Aragón/FEDER� Funds

(268219/1)�and�Government�of�Spain�(ECO2013-45568-R).�Any�error�contained�in�this

paper�is�the�responsibility�of�the�authors.

1. INTRODUCTION

Over�the�last�decades,�the�landscape�for�the�financial�sector�has�been�subject�to�many

structural�changes�which�have�transformed�the�overall�competition�map�of�the�financial

industry.�This�process�has�entailed�changes�in�the�efficiency�of�the�financial�institutions

and�in�their�diverse�business�units.�Along�with�this�challenging�period,�there�has�been

an�extensive�literature�of�efficiency�in�financial�institutions,�basically�focused�on�bank-

ing�and�insurance.

Data�Envelopment�Analysis�(DEA)�has�been�one�of�the�most�popular�frontier�methods

in� this� literature.�The� lack�of�DEA� requirements� to� any� functional� form�between� the

inputs�and�outputs�used�by�this�multi-dimensional�method�has�made�this�non-paramet-

ric�methodology�quite�common�for�assessing�relative�efficiency�of�financial�institutions.

Berger�and�Humphrey� (1997),�Berger� (2007),�Fethi�and�Pasiouras� (2010)�and�Paradi

and�Zhu�(2013)�are�some�relevant�survey�papers�which�review�DEA�applications�for�the

last�decades�in�the�banking�industry�across�different�techniques�and�countries.

However,�while�an�extensive�DEA�analysis�has�been�devoted�to�banking�and�insurance,

scarce�research�has�studied�the�efficiency�of�mutual�fund�companies.�On�the�one�hand,

we�find�an�increasing�DEA�research�on�individual�mutual�fund�performance�since�the

original�contribution�of�Murthi�et�al.�(1997)1,�but�on�the�other�hand�only�Zhao�and�Yue

(2010)�and�Premachandra�et�al.�(2012)�use�DEA�to�assess�the�relative�efficiency�of�a

sample�of�mutual�fund�companies�in�China�and�USA�respectively.2
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1 These�new�DEA�measures�which�assess�relative�efficiency�of� individual�funds�with�multiple� inputs�and

multiple� outputs�may� be� considered� as� an� alternative� approach� to� traditional� performance�models�which

assume�functional�relationships�between�return�and�risk�(e.g.�Treynor�1965;�Sharpe,�1966;�and�Jensen,�1968).

Lamb�and�Tee�(2012)�discuss�possible�shortcomings�of� these�DEA�techniques�to�evaluate�performance�of

individual�investment�funds�and�provide�further�research�topics�in�this�field.
2 Despite�the�importance�of�fund�families�for�investors’�decisions�(e.g.,�Kempf�and�Ruenzi,�2008;�Jank�and
Wedow,� 2013),� the� literature� review� on� other� methodologies� different� from� DEA� techniques� finds� that
research�on�the�performance�at�individual�fund�level�is�also�much�more�extended�than�at�fund�family�level.



This�scarce�DEA�literature�in�mutual�fund�companies�is�probably�explained�by�the�dif-

ficulty�to�identify�specific�models�and�variables�for�these�institutions�without�replicat-

ing�merely�the�well-known�banking�and�insurance�models.�Furthermore,�the�complex

interaction�between� the� business� unit� decisions�made�by� the�mutual� fund� companies

requires�a�more�sophisticated�approach�than�the�mere�aggregation�of�the�variables�used

in� the� evaluation�of� the� individual�mutual� funds�within� the� same�company.�Some�of

these�decisions�are�related�to�the�number�of�mutual�funds�managed�by�the�company,�the

fund�types�supplied�by�the�company�to�the�market,�the�outsourcing�of�management�and

selling�funds,�etc.,�which�will�result�in�pretty�different�strategies�and�efficiency�conse-

quences�for�the�fund�companies.

Our� study� fills� this�gap� in� the� literature�by�analysing� for� the� first� time�a�major�Euro

mutual�fund�industry.�Based�on�the�governance�structure�addressed�by�Berkowitz�and

Qiu�(2003),�we�assess�the�relative�efficiency�of�a�complete�sample�of�Spanish�mutual

fund�companies.�We�propose�an�innovative�network�structure�where�the�core�compe-

tency�of�a�mutual� fund�company� is�divided� into�a�portfolio�management�stage�and�a

marketing�management�stage.�Zhao�and�Yue�(2010)�also�define�a�similar�core�compe-

tency�but�they�omit�any�fluent�interaction�existing�between�both�management�stages.�In

our�model,�the�mutual�fund�company�is�also�responsible�to�its�shareholders�and�there-

fore,� its� operational� management� efficiency� is� driven� by� the� interacting� efficiency

between�both�core�competency�activities�and�the�final�results�of�the�company.�That�is,

the�mutual�fund�company�delegates�responsibility�for�managing�and�selling�their�mutu-

al�funds�to�either�external�or�internal�agents�to�enlarge�the�total�money�under�its�man-

agement�and�thereby�obtaining�higher�incomes.�This�core�competency�approach�is�also

present� in� the� operational� management� function� proposed� by� Premachandra� et� al.

(2012),�where�the�company�attempts�to�obtain�its�highest�net�asset�value�with�the�least

amount� of� expenses� associated� to� portfolio� management� and� selling� fund� shares.

However,�this�function�does�not�detail�which�part�of�the�net�asset�value�of�the�company

is�obtained�by�the�portfolio�management�activities�and�which�part�is�gained�due�to�the

marketing�and�distribution�of�mutual�funds.

Based�on�a�network�DEA�structure�proposed�by�Tone�and�Tsutsui� (2009),�our�model

includes� a� set� of� intermediate� variables�which� details� the� link� between� the� portfolio

management�efficiency�and�the�marketing�efficiency�of�the�company�as�major�drivers

of�the�operational�efficiency�obtained�by�the�company�shareholders.�Considering�that

investors�make�their�mutual�fund�decisions�based�on�an�asymmetric�perception�of�prior

performance�(e.g.�Ippolito,�1992;�Sirri�and�Tufano,�1998;�Del�Guercio�and�Tkac,�2002;

Ferreira�et�al.,�2012),�our�model�captures�how�the�portfolio�management�outputs�may
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be�considered�as�intermediate�inputs�in�the�selling�process�of�mutual�funds.�This�link

between�the�portfolio�management�efficiency�and�the�marketing�efficiency,�and�the�link

between�both�core�competency�activities�and�the�operational�efficiency�of�the�company

should�highlight�the�interest�in�our�results�of�some�relevant�company�stakeholders�such

as�the�company�shareholders,�the�mutual�fund unitholders,�the�mutual�fund�managers�and

the�mutual�fund�sellers.

However,� the� important�market�concentration�of� the�Spanish� fund�market�could�be�a

challenging�feature�to�get�an�appropriate�evaluation�of�the�efficiency�for�this�industry.

Traditional�DEA� techniques�may� fail� to� identify� the� appropriate� ‘best� practice’� com-

petitors�when� there�are�striking�differences�between� their�management� resources�and

characteristics.�That�is,�when�the�reference�frontier�is�formed�by�mutual�fund�compa-

nies�with� extremely�different� characteristics� than� the� target� company� to�be�analysed.

This� limitation� could� question� the� accuracy� of�DEA� results� in� those� industries�with

assorted�competitors,�such�as�the�Spanish�mutual�fund�industry.�The�selection�of�homo-

geneous�competitors�by�dropping�from�the�sample�those�fund�companies�which�do�not

fulfil� some� requirements3 could� affect� the� accuracy� of� the� results� because� the�DEA

scores�are�obtained�relative�to�the�other�companies�in�the�sample.�That�is,�the�exclusion

from�the�sample�of�relevant�companies�in�terms�of�efficiency�could�distort�the�reference

frontier�and�affect�the�empirical�results.�We�do�not�exclude�any�fund�company�due�to

minimum� size� requirement.� Furthermore,� our� study� overcomes� this� sample� bias� by

using� the�barely�explored�variations�of� the�well-known�slacks-based�measure� (SBM)

proposed�by�Tone�(2001).�The�original�SBM�is�an�unoriented�model�which�works�with

excess�inputs�and�output�shortfalls�simultaneously�and�allows�its�application�under�con-

stant�(CRS)�and�variable�returns-to-scale�(VRS)�assumptions.�One�of�the�novel�aspects

of�the�new�SBM�variations�(Tone,�2010)�is�the�appropriate�comparison�of�fund�compa-

nies�with�homogeneous�frontier�sets,�thereby�fitting�fully�to�the�assorted�characteristics

displayed�by�the�Spanish�mutual�fund�companies.�Hence,�the�identification�of�‘locally

efficient’� companies� for� the� core� competency� activities� within� sets� of� homogeneous

competitors�makes�our�efficiency�analysis�a�novel�and�suitable�approach�in�mutual�fund

markets�with�assorted�competition�characteristics.

The�paper� is�set� forth�as�follows.�Section�2�presents� the�background�of�our�research.

Section�3�shows�the�major�concepts�of�our�network�model.�Appendix�A�and�Appendix
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3 Premachandra�et�al.�(2012)�only�evaluate�large�US�mutual�fund�families�with�total�assets�under�manage-
ment�of�at�least�$1�billion�USD.�As�a�consequence�of�this�requirement,�97�out�of�the�198�US�fund�families
are�dropped�from�the�original�sample.



B�provide� details� about� the� formulation� of� the� SBM� and� the�Network� SBM�models

respectively.�Section�4�presents�the�discussion�of�the�data,�sample�selection�and�the�vari-

ables�included�in�our�model.�Section�5�includes�the�empirical�analysis,�and�Section�6

summarizes�the�findings�of�the�paper.

2. BACkGROUND

By�the�end�of�2013,�the�mutual�fund�industry�in�Spain�ranks�fourth�in�number�of�mutu-

al�funds�and�fifth�in�assets�of�the�Euro�Zone�mutual�fund�market�(European�Fund�and

Asset�Management�Association,�2014).�The�top�5,�the�top�10�and�the�top�25�out�of�the

existing�81�Spanish�fund�companies�controlled�for�55%,�74%�and�92%�of�the�total�fund

assets,�respectively�(Inverco,�2014).�If�we�compare�these�figures�with�the�largest�fund

market�in�the�world,�we�find�that�competition�in�Spain�is�much�more�concentrated�than

in�the�US�mutual�fund�industry,�where�the�top�5,�the�top�10�and�the�top�25�out�of�the

existing�801�companies�manage�about�40%,�53%�and�72%�of�the�total�assets�in�2013,

respectively� (Investment� Company� Institute,� 2014).� Furthermore,� the� Spanish� fund

industry�has�an�average�Herfindahl-Hirschman�Index�of�0.1001�for�the�last�fifteen�years,

twice�up�from�0.0481�in�the�US�market�as�of�December�2013.�This�brief�comparison

highlights� the� need� for� addressing� these� differential�market� concentration� issues� and

their�consequences�in�the�efficiency�studies�not�focused�on�the�top�fund�industry�world-

wide.

Previous�DEA�research�on� the�efficiency�of�mutual� fund�companies�does�not�discuss

how�the�market�concentration�may�affect�their�models�and�results.�Premachandra�et�al.

(2012)�consider�only�large�US�mutual�fund�companies;� thereby�a�vast�number�of�US

firms�with�a�residual�market�share�are�dropped�out�from�their�final�sample.�Zhao�and

Yue�(2010)�do�not�report�any�standard�by�which�they�select�their�Chinese�fund�compa-

nies.�Considering�that�DEA�efficiency�scores�are�obtained�relative�to�all�the�competitors

within�the�sample,�the�exclusion�from�the�analysis�of�any�fund�company�may�involve

biased�results.�That�is,�the�systematic�exclusion�of�fund�companies�from�the�final�sam-

ple�based�on�size�requirements�will�result�in�a�partial�evaluation�of�the�target�industry

which�could�be�extremely�biased�in�more�concentrated�markets�than�the�US�fund�indus-

try.�Our�approach�overcomes�this�partial�evaluation�problem�in�two�aspects.�First,�we

do�not�exclude�any�fund�company�due�to�minimum�size�condition�which�allows�for�the

evaluation�of� the�whole� set� of� competitors.�Second,�Variation� III� of� the�SBM�model

(Tone,�2010)�identifies�‘locally�efficient’�companies�in�reference�to�the�efficient�com-

panies�within�the�same�cluster�formed�by�homogeneous�competitors.�Thus,�our�paper
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evaluates�separately�the�efficiency�of�the�whole�industry�formed�by�assorted�competi-
tors� and� the� efficiency� of� the� different�market� segments�which� include�mutual� fund
companies�with�homogeneous�characteristics.

According�to�the�concept�models�proposed�in�DEA�literature�of�mutual�fund�companies,
Zhao�and�Yue�(2010)�propose�a�multi-subsystem�fuzzy�DEA�to�evaluate�the�core�com-
petency�of�a�sample�of�Chinese�mutual�fund�companies.�This�core�competency�is�divid-
ed� into� two� subsystems:� Investment� and� Research;� and� Marketing� and� Service.
However,�these�authors�omit�any�link�between�both�core�competency�stages.�We�cap-
ture�this�fluent�interaction�using�a�network�SBM�structure�based�on�Tone�and�Tsutsui
(2009)�with�several�linking�variables.

Premachandra� et� al.� (2012)� also� assess� this� interaction� by� using� a� general� two-stage
DEA�model�with�intermediate�variables.�The�overall�efficiency�of�a�sample�of�large�US
fund� companies� is� decomposed� into� operational� efficiency� and� portfolio� efficiency
components.�The�operational�function�covers�the�core�competency�of�a�fund�company
which�attempts�to�obtain�the�highest�net�asset�value�with�the�least�amount�of�marketing
expenses�and�management� fees.�However,� this�operational� function�does�not� identify
separately�the�influence�of�both�the�investment�and�the�marketing�activities�on�the�net
asset�value�of�the�company.�We�assess�separately�the�relative�efficiency�of�both�the�port-
folio�management�and� the�marketing/selling�activities,� and� their� link�with� the�opera-
tional�management�efficiency�of�the�fund�company.

3. ThE MODEL

DEA�is�a�non-parametric�methodology�which�is�extensively�used�to�evaluate�the�rel-
ative�efficiency�of�financial� institutions,�possibly�due�to�the�lack�of�any�restrictions
on�the�functional�form�between�the�multiple�inputs�and�outputs�allowed�in�this�multi-
dimensional� framework.� The� selection� of� inputs� and� outputs� in� DEA,� however,� is
largely� controversial,� especially� in� the� banking� literature.� The�well-known� deposit
dilemma� may� create� inconsistency� in� the� efficiency� results� across� the� two� major
approaches� to� treat�bank�liabilities:� the�production�approach�and�the� intermediation
approach.4
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4 Fethi�and�Pasiouras�(2010)�provide�a�relevant�survey�about�the�selection�of�inputs�and�outputs�in�the�bank-

ing�literature.�This�survey�finds�that�the�intermediation�approach�is�much�more�frequent,�probably�due�to�the

difficulties�in�collecting�the�detailed�transaction�information�required�by�the�production�approach.



Recent� applications� to� financial� institutions� develop� network� DEA�models� which

help� to� evaluate� efficiency�of� each� component� of� the�whole�management� process.

These�models� incorporate� intermediate�variables�which� link� the�different�manage-

ment�stages�of�the�financial�institutions.�As�a�result,�these�intermediate�measures�are

considered�as�neither�pure�inputs�nor�pure�outputs,�thereby�helping�to�solve�the�large

controversy� in� the�proper� selection�of� inputs�and�outputs.�Kao� (2014)�provides�an

exhaustive�review�of�the�network�DEA models�and�the�structures�used�in�literature.

This� review� finds� that� financial� institutions� have� the� largest� number� of� network

applications,� mostly� conducted� by� two-stage� structures.5 Some� recent� studies� are

Kao�and�Hwang�(2008),�Chen�et�al.�(2009),�Fukuyama�and�Weber�(2010),�Tsai�and

Wang� (2010),� Zha� and� Liang� (2010),� Holod� and� Lewis� (2011),� Tsolas� (2011),

Premachandra�et�al.�(2012),�Yang�and�Liu�(2012),�Wu�and�Birge�(2012)�and�Akther

et�al.�(2013).

In� our�model� structure,�we� capture� the� network� effect� between� the� core� competency

activities�of�a�mutual�fund�company�and�their� influence�on�the�operational�efficiency

reported�to�the�company�shareholders.�Our�structure�attempts�to�answer�the�following

questions:�1)�How�efficient�is�the�portfolio�management�process�of�a�mutual�fund�com-

pany?,�2)�How�efficient�is�the�selling�process�of�mutual�fund�units?,�and�3)�How�effi-

cient�is�the�operational�management�function�of�a�fund�company?.

The�governance�structure�proposed�by�Berkowitz�and�Qiu�(2003)�helps�us�to�prelimi-

nary�approach�these�questions.�Fig.�1�illustrates�how�a�fund�company�is�responsible�to

its�shareholders�and�pays�either�an�internal�or�external�agent�for�managing�mutual�fund

portfolios.�These� portfolio� decisions�will� obviously� affect� the� net� asset� value� of� the

mutual� fund.� The� results� of� this� portfolio� management� will� be� provided� to� fund

unitholders�after�subtracting�management�expenses�by�the�company�to�recover�wages

paid�to�the�portfolio�manager�and�other�operating�expenses.�As�a�result,�the�sharehold-

ers�of�the�company�will�receive�the�final�profits�of�this�complex.

11

EFFICIENCY OF MUTUAL FUND COMPANIES: EVIDENCE FROM AN INNOVATIVE...

5 Kao�(2014)�classifies�five�types�of�network�structures:�series,�parallel,�mixed,�hierarchical,�and�dynamic.

Basic�two-stage�and�general�two-stage�systems�are�particular�cases�of�series�structures.



FIGURE 1

The� mutual� fund� complex� proposed� by� Berkowitz� and� Qiu� (2003).� Based� on� a� governance� structure

approach,�this�complex�reflects�the�relevant�management�interactions�related�to�the�mutual�fund�unitholders

and�the�fund�company�shareholders.�Where�C is�the�operating�expenses�of�the�company, W represents�the

wages�received�by�the�portfolio�manager, m is�the�management�expense�ratio�of�the�company,�and NAV is

the�net�asset�value�of�the�mutual�fund.

However,�this�complex�omits�any�detailed�influence�of�the�marketing�and�selling�activ-

ities� on� the� net� asset� value� of� the� mutual� fund,� and� therefore� on� the� management

incomes�earned�by�the�company.�This�omission�of�the�marketing�effort�to�gain�money

flows�into�the�mutual�fund�could�severely�bias�this�conceptual�model.�This�bias�could

be�especially�relevant�in�those�fund�industries�where�the�management�expenses�earned

by�the�company�are�largely�based�on�assets�under�management�instead�of�performance-

based�fees,�such�as�the�Spanish�mutual�fund�market�(Díaz-Mendoza�et�al.,�2014).

In�our�study,�we�overcome�this�problem�by�modelling�both�the�portfolio�management

stage�and�the�marketing�stage�as�linking�activities�to�explain�the�assets�under�manage-

ment�of�a�fund�company.�The�following�expression,�which�has�been�largely�used�in�lit-

erature�on�mutual�fund�flows�(e.g.�Zheng,�1999;�Sapp�and�Tiwari,�2004),�reflects�quite

well�the�core�competency�of�a�mutual�fund�company�which�attempts�to�increase�its�total

assets�by�means�of�both�portfolio�returns�and�money�flows�from�the�market.6

12

EFFICIENCY OF MUTUAL FUND COMPANIES: EVIDENCE FROM AN INNOVATIVE...

6 A�more�refined�version�of�expression�(1)�corrects�the�increase�in�total�assets�due�to�fund�mergers�during

period�t+1.



TNA
i,t+1

=TNA
i,t

(1+ R
i,t+1

) + MF
i,t+1

(1)

where�TNA
i,t
is� the�total�net�assets�of�fund� i at� the�end�of�period� t;�R

i,t+1
is� the�return

obtained�by�fund�i during�period�t+1;�and�MF
i,t+1

are�the�net�money�flows�into�fund�i

during�t+1.

Money�flows�into�the�mutual�fund�are�obviously�obtained�by�the�marketing�and�selling

activities� of� the� company,� but� they� cannot� be� considered� as� an� independent� stage� of

portfolio�management�because�the�results�of�these�portfolio�decisions�influence�inves-

tors�to�buy�or�to�sell�mutual�fund�units.7 Furthermore,�the�operational�management�func-

tion�of�the�company�is�also�linked�to�both�portfolio�management�and�marketing�activi-

ties.�Expression�(1)�denotes�that�the�asset-based�fees�earned�by�the�company�depend�on

the�portfolio�returns�and�on�the�selling�process�of�mutual�fund�units.�As�a�result,�the�effi-

ciency�of�the�operational�cost�structure�to�get�the�highest�returns�and�the�largest�money

flows�as�possible�will�determine�the�final�profits�received�by�the�company�shareholders.

Our�model�(Fig.�2)�illustrates�these�management�interactions�within�a�mutual�fund�com-

pany� j as� a� network� structure� with� three� relevant� management� stages:� Portfolio

Management�Stage,�Marketing�and�Selling�Stage,�and�Operational�Management�Stage

(hereinafter�referred�to�as�Portfolio�Stage,�Marketing�Stage,�and�Operational�Stage,�res-

pectively).�Our�network�complex�completes�previous�DEA�structures�in�fund�compa-

nies�(Zhao�and�Yue,�2010;�Premachandra�et�al.�2012)�by�detailing�more�clearly�the�links

existing�between�core�competency�activities�and�their�influence�on�the�efficiency�of�the

operational�management�structure�of�the�company.

According� to� the� review� of�Kao� (2014),� our� network�model� corresponds� to� a� series

structure,� which� generalizes� the� two-stage� complex� previously� proposed� by

Premachandra�et�al.�(2012).�At�Portfolio�Stage,�labour�(L
j
)�and�capital�resources�(SE

j
)

of�the�company�assume�a�specific�level�of�risk�(PR
j
) to�get�higher�gross�returns�(GR

j
) in

as�many�mutual�funds�(NF
j
) and�fund�types�(FT

j
) as�possible.8 The�rationale�behind�this
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7 Ferreira�et�al.�(2012)�analyse�the�flow-performance�relationship�across�28�countries,�providing�innovative

evidence�to�the�extensive�literature�on�flow�determinants�in�the�US�fund�market.
8 Inputs� at� Portfolio� Stage� assume� that� mutual� funds� are� managed� by� the� personnel� and� management
resources�of�the�company.�This�assumption�makes�sense�because�portfolio�management�outsourcing�is�a�rare
practice�in�our�sample.�In�2014�less�than�3%�of�Spanish�mutual�funds�were�subadvised�by�external�portfolio
managers�(Morningstar�Direct).



stage�is�that�a�company�with�efficient�portfolio�management�skills�is�one�that�is�able�to

obtain�higher�gross�returns�than�the�competence�with�lower�levels�of�risk�for�a�large�and

well-diversified�supply�of�mutual�funds�without�assuming�extra�personnel�expenses�and

capital�resources.

At�Marketing�Stage,�the�fund�company�attempts�to�gain�unitholders�(UF
j
) and�money

flows�from�(MF
j
) the�market�into�every�fund�managed�by�the�company.�The�number�and

variety�of�mutual�funds�and�their�return�records�offered�by�the�company�to�the�market

are�hence�very�significant�to�aim�this�goal. Since�these�mutual�fund�records�are�deter-

mined�by�portfolio�management�activities,�the�outputs�at�Portfolio�Stage�are�intermedi-

ate� inputs�at�Marketing�Stage,� thereby�linking�both�core�competency�activities�of� the

company�in�our�network�complex.9

Finally,�Operational�Stage�represents�the�operational�management�function�of�the�fund

company.�This� stage� aims� to� obtain� the� highest� profit� (P
j
) as� possible� to� remunerate

company�shareholders.�According�to�expression�(1),�the�asset-based�fees�earned�by�the

company�are�driven�by�gross�returns�(GR
j
) at�Portfolio�Stage,�by�money�flows�(MF

j
) at

Marketing�Stage,�and�by�the�assets�managed�by�the�company�(TA
j
) at�the�beginning�of

the�analysed�period.�In�our�model,�we�use�gross�returns�and�money�flows�as�interme-

diate�inputs�to�link�both�Portfolio�and�Marketing�Stages�to�Operational�Stage�respecti-

vely.�A company�with�an�efficient�operational�management�structure�will�obtain�a�high-

er�profit�with� fewer�assets�under�management� than�competitors,�being� these�assets� a

consequence�of�both�portfolio�management�and�marketing�activities.

After� defining� our� network� structure,� we� describe� the� suitable� procedure� used� in� our

research�to�model�this�complex.�We�work�with�a�set�of�n fund�companies�(j =�1,�…,�n)

consisting�of�3�stages�(k = 1,�2,�3).�Let�m
k
and�r

k
be�the�numbers�of�inputs�and�outputs�to

stage�k,�respectively.�The�link�from�stage�k to�stage�h is�denoted�by�(k,h) and�the�set�of

links�by�L.�The�inputs�of�company�j at�stage�k are�{xk
j
€ Rm

+
k}�(j=1,…,�n;�k = 1,�2,�3);�the

outputs�of�company�j at�stage�k are�{γ k
j
€ Rr

+
k}�(j=1,…,�n;�k=1,�2,�3);�the�linking�interme-

diate�variables�from�stage�k to�stage�h are�{z
j
(k,h) € Rt

+
(k,h)}�(j=1,…,�n;�(k,h) € L);�where

t
(k,h)

is�the�number�of�items�in�link�(k,h).�ʎk € Rn
+
is�the�intensity�vector�of�stage�k (k = 1,

2,�3);�and�sk+ and�sk- are�the�non-negative�vectors�of�input�excesses�and�output�shortfalls,

respectively.
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9 The�returns�supplied�to�the�unitholders�are�computed�after�management�fees�and�other�expenses�charged

by�the�company.�Therefore,�net�returnsinstead�of�gross�returnsare�considered�as�an�input�at�Marketing�Stage.



FIGURE 2

Network�complex�for�evaluating�the�efficiency�of�mutual�fund�companies.�The�fund�company�j has�three�man-

agement�stages:�Portfolio�Management,�Marketing�and�Selling,�and�Operational�Management.�Thus,�the�over-

all�efficiency�of�the�fund�company�is�decomposed�into�the�efficiency�of�these�three�stages.�Each�stage�utilizes

its�own�inputs�for�obtaining�its�own�outputs.�L
j
, SE

j
, PR

j
are�the�input�variables�at�Portfolio�Management�Stage;

NR
j
is�the�input�variable�and�UF

j
is�the�output�variable�at�Marketing�and�Selling�Stage;�TA

j
is�the�input�variable

and�P
j
is�the�output�variable�at�Operational�Management�Stage.�But�there�are�also�four�intermediate�variables

which� link�different�activities�of� the�company�(dotted� lines).�NF
j
, FT

j
are�outputs�at�Portfolio�Management

Stage�which�are�utilized�as�inputs�at�Marketing�and�Selling�Stage;�GR
j
is�an�output�at�Portfolio�Management

Stage�which�is�considered�as�an�input�at�Operational�Management�Stage;�and�MF
j
is�an�output�at�Marketing

and�Selling�Stage�which�is�utilized�as�an�input�at�Operational�Management�Stage.
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Premachandra�et�al.�(2012)�justify�the�VRS�hypothesis,�as�some�of�the�variables�includ-

ed�in�their�model�(e.g.,�returns)�can�be�negative.�This�is�not�the�case�for�our�innovatively

constructed�variables�which�will� be�described� in� the�next� section.�However,�we� also

assume�VRS�to�better�evaluate�the�efficiency�when�not�all�the�fund�companies�are�oper-

ating�at�the�optimal�scale.�Thus,�the�production�possibility�set�P is�spanned�by�the�con-

vex�hull�of�the�existing�companies.

P={(xk,yk,z(k,h))���⃥ xk ≥ Xk λk, yk ≤ Yk λk, z(k,h) =�Z(k,h) λk, z(k,h)�= Z(k,h) λh,�eλk=�1,λk≥0} (2)

Notice� that� if� we� exclude� � from� expression� (2),� the� production� possibility� set� P is

defined�under�CRS�assumption.

According� to�Tone�and�Tsutsui� (2009),�we�have� two�major�alternatives�based�on� the

SBM�model�(Tone,�2001)10 for�measuring�the�efficiency�of�a�network�complex�such�as

Fig.�2:�a�Network�SBM�(NSBM)�and�a�SBM-based�separation�model.�NSBM�proposed

by�Tone�and�Tsutsui� (2009)�employs� the�weighted�SBM�model� (Cooper�et�al.,�2007;

Tsutsui�and�Goto,�2009)�to�decompose�the�overall�efficiency�of�the�fund�company�into

partial�ones�for�each�management�stage�of�a�network�structure.�NSBM�assumes�that�the

overall�efficiency�is�the�weighted�average�of�partial�efficiencies�where�the�weights�are

set�exogenously.�The�original�approach�allows�for�the�continuity�of�intermediate�vari-

ables�between�management�stages�but�it�does�not�take�into�account�the�inefficiency�of

these� intermediate� variables.� Therefore,� NSBM� does� not� integrate� the� slacks� of� the

intermediate�variables�individually�and�independently�into�an�efficiency�score�because

these�slacks�are�only�considered�through�link�constraints.�We�follow�one�of�the�NSBM

extensions� also�proposed�by�Tone�and�Tsutsui� (2009)� to�overcome� this� shortcoming.

This�extension�incorporates�slacks�of�the�intermediate�variables�into�the�NSBM�objec-

tive�function.11

On�the�other�hand,�the�SBM�separation�model�evaluates�stage�efficiencies�individually

using�the�intermediate�variables�as�ordinary�inputs�or�outputs,�thereby�omitting�any�con-

tinuity� of� linking� activities.�That� is,� the� SBM� separation�model� computes� efficiency

scores�for�each�stage�considering�the�slacks�of�all�variables� included�in� the�model�as

ordinary�inputs�and�outputs�but�it�does�not�capture�the�influence�of�the�linking�activities
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10 SBM�is�a�non-radial�model�for�measuring�efficiency�when�inputs�and�outputs�may�change�non-propor-

tionally.�See�details�of�SBM�model�in�Appendix�A.
11 Appendix�B�shows NSBM�model�and�its�extension.�Further�details�of�this�NSBM�extension are�in�section
6.1�of�Tone�and�Tsutsui�(2009).



on�the�model.�The�comparison�of�efficiency�scores�between�NSBM�and�the�SBM�sepa-

ration�models�will� be� especially� important� to� identify�what�Tone� and�Tsutsui� (2009)

addressed�as�“networking�effects”�of�the�model.

4. DATA, SAMPLE SELECTION, AND VARIABLE CONSTRUCTION

The�data�on�Spanish�mutual�fund�companies�are�hand-collected�from�several�databases.

Financial� data� on� companies� are� obtained� from� the� Iberian� Balance-sheets�Analysis

System� (SABI)� and� the� Spanish� Official� Business� Registry.� The� information� about

mutual�funds�is�obtained�from�the�Spanish�Securities�Exchange�Commission�(CNMV)

and�the�Spanish�Association�of�Mutual�and�Pension�Funds�(Inverco).�We�work�with�all

mutual�fund�companies�registered�in�CNMV�on�31st�December�of�each�year�included

in�our�sample�period�2005-2012.

We�consider�all�the�funds�in�the�company�irrespective�of�their�investment�classification.

Hedge�funds�are�the�only�exception�because�of�the�striking�differences�between�these

portfolios�and�mutual�funds.�Hence�we�exclude�all�hedge�funds�and�hedge�fund�com-

panies� from� the� sample� to� keep� the� objective� of� our� study� on� companies� primarily

focused�on�the�management�and�marketing�of�mutual�funds.�Also,�mutual�fund�compa-

nies�with�inception�dates�close�to�year-end�are�dropped�from�the�initial�year�to�avoid�any

inception�bias�in�the�variables�used�in�our�model.�These�exclusions�are�residual�in�terms

of�year�observations�and�economic�relevance.12

Similarly�to�Premachandra�et�al.�(2012),�we�consider�multiple�share�classes�of�a�mutu-

al�fund�as�separate�mutual�funds�existing�at�the�end�of�each�year�of�our�survey�period.13

Our�work�also�assumes�a�minor�survivorship�bias�because�we�work�with�those�mutual

funds�existing�at�31st December�of�each�individual�year�analysed.14
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12 Hedge�funds�still�have�a�residual�importance�in�the�Spanish�financial�industry�since�its�inception�in�2006.

A�total�of�316�(44)�fund�(company)�year-end�observations�were�dropped�from�the�sample.�These�exclusions

represent�about�5%�of�company�year-end�observations�and�less�than�1%�in�terms�of�assets�managed�by�the

Spanish�fund�industry.
13 The� consideration� of� share� classes� as� separate�mutual� funds� at� Portfolio� Stage� could� be� controversial
because�the�mutual�fund�portfolio�at�that�stage�is�the�same�for�all�fund�share�classes.�However,�this�issue�is
not�important�in�our�analysis�because�the�different�SBM�efficiency�scores�at�Portfolio�Stage�using�both�vari-
ables�show�a�Spearman�rank�correlation�higher�than�99%.�Details�are�available�upon�request.
14 A�total�of�1,557�mutual�funds�have�ceased�operations�during�our�survey�period.�This�survivorship�bias�rep-
resents�about�6%�of�total�year-end�observations�and�less�than�1%�of�the�total�assets�included�in�our�sample.



Our�final�sample�comprises�a�total�of�736�company�year�observations�which�range�from

a�minimum�of�74�mutual�fund�companies�in�2012�to�a�maximum�of�102�in�2005�and

2006.�Table�1�shows�a�large�dispersion�of�the�summary�statistics�for�our�sample,�there-

by� highlighting� the� assorted� characteristics� of� the� Spanish� mutual� fund� companies.

Furthermore,�the�yearly�evolution�of�these�statistics�since�2008�provides�evidence�of�the

significant�impact�of�the�worldwide�financial�crisis�on�the�decreasing�trend�of�the�aver-

age�magnitudes�of�the�Spanish�industry.

TABLE 1

SUMMARY STATISTICS OF SPANISh MUTUAL FUND COMPANIES

This�table�illustrates�the�year-end�average�statistics�per�company�of�our�sample.�Standard�deviation�is

in�brackets.

Table�2�lists�the�input�and�output�variables�used�in�our�network�complex�and�how�they�are

calculated.�Some�of�these�variables�are�obtained�as�aggregated�values�of�individual�mutu-

al�funds.�However,�a�similar�approach�to�variables�associated�with�return�and�risk�could�dis-

tort�the�accuracy�of�these�measures.�We�agree�with�Premachandra�et�al.�(2012)�that�returns

weighted�by�fund�size�do�to�some�extent�represent�the�portfolio�skills�of�a�company,�but�the

different�size�and�return�patterns�of�the�diverse�investment�categories�covered�by�a�compa-

ny�could�distort�the�size-weighted�returns�and�the�levels�of�risk�associated�with�a�fund�com-

pany.�For� instance,�a�company�specialised� in�equity� funds�could�obtain�upwards�biased

size-weighted�returns�in�years�with�bullish�stock�markets�compared�with�a�company�spe-

cialised�in�bond�funds.�Zhue�and�Yue�(2010)�solve�this�potential�problem�by�using�a�mem-

bership�function�to�characterise�fund�types.�In�our�case,�we�compare�the�daily�average�gross

return�for�each�mutual�fund�existing�at�31st December�with�respect�to�all�funds�in�the�mar-

ket�included�in�the�same�investment�category�and�during�the�same�time�period.�Then�we
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calculate� the�normalised�value�between�0�and�1�of� these�average�gross�returns�and�then

compute�the�size-weighted�average�of�these�normalised�values�for�every�company.�Hence,

this�positive�return�measure�is�consistent�across�the�different�fund�types�managed�by�a�com-

pany.�We� follow�a� similar�procedure� for� the�normalised� standard�deviation�of� the�daily

gross�returns�as�a�relative�measure�of�portfolio�risk.

TABLE 2

INPUT, OUTPUT AND INTERMEDIATE VARIABLES

Intermediate�variables�are�printed�in�bold.�(SE
j
)�is�not�influenced�by�the�profit�of�the�company�during

the�analysed�year.�(GR
j
)�is�computed�as�the�fund�size-weighted�average�of�the�normalised�value�between

0�and�1�of�the�average�daily�gross�return�for�each�mutual�fund�existing�at�31st�December�with�respect�to

all�funds�in�the�market�included�in�the�same�investment�category�and�during�the�same�time�period.�(NR
j
)

is�obtained�as�(GR
j
)�once�the�daily�management�and�custodial�fees�charged�by�the�company�have�been

subtracted�from�the�daily�gross�returns�obtained�by�each�fund.�(PR
j
)�is�computed�as�the�fund�size-weight-

ed�average�of�the�normalised�standard�deviation�between�0�and�1�of�the�average�daily�gross�return�for

each�mutual�fund�existing�at�31st�December�with�respect�to�all�funds�in�the�market�included�in�the�same

investment�category�and�during�the�same�time�period.�(MF
j
)�is�defined�as�monthly�changes�in�the�total

assets�of�each�fund�net�of�returns�and�mergers,�see�expression�(1).�We�follow�the�literature�and�assume

that�these�flows�occur�at�the�end�of�the�month�for�which�we�are�computing�this�measure.�Zheng�(1999)

determined�that�this�approach�is�robust�with�other�assumptions�about�the�timing�of�these�implied�flows.
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5. EMPIRICAL ANALYSIS

First,� we� compare� the� results� obtained� by� the� SBM� separation�model� (Appendix�A,

model�A2)�with�the�extended�NSBM�model�(Appendix�B,�model�B6)�for�each�manage-

ment�stage�of�our�network�complex�illustrated�by�Fig.�2.�Thereafter,�we�apply�several

non-parametric�tests�based�on�robust�contingency�tables�to�check�for�the�persistence�of

the�efficiency�scores�across�time�and�mutual�fund�companies.�Finally,�we�run�an�inno-

vative�SBM�variant�to�obtain�locally�efficient�fund�companies�with�respect�to�competi-

tors�with�homogeneous�management�characteristics.

5.1. Results of SBM separation and NSBM models

Panel�A�of�Table�3�shows�the�results�of�the�SBM�separation�model�(under�VRS)�where

the� links�between� the�management� stages�within�a� fund�company�are�neglected.�The

efficiency�for�each�management�stage�is�separately�obtained�and�the�overall�efficiency

is�obtained�as�the�arithmetic�average�of�the�three�individual�efficiencies�considered�in

our�network�complex.�This�equally-weighted�hypothesis� is�also�used� in� the�extended

NSBM�model�and�it�assumes�an�equal�importance�of�Portfolio�Stage,�Marketing�Stage

and�Operational�Stage�in�the�efficiency�function�of�a�fund�company�as�a�whole.�Panel

B�of�Table�3�shows�the�results�of�the�NSBM�extension�(under�VRS)�which�incorporates

the�link�flows�into�the�efficiency�scores.15

We�find�several�interesting�patterns�in�these�efficiency�results.�The�last�three�columns

of�Table�3�show�that�there�is�not�a�significant�change�in�the�average�efficiency�scores

before�and�after�2008,�taken�this�year�as�a�consensus�frontier�of�the�recent�financial�cri-

sis.�If�we�relate�this�result�with�the�decreasing�number�of�mutual�fund�companies�com-

peting�in�the�Spanish�fund�industry�(Table�1)�we�can�conclude�that�crisis�survivors�are

not� increasing� significantly� the� efficiency� records�of� the�Spanish� fund� industry.�This

similarity�is�also�found�in�terms�of�variability�of�the�efficiency�scores�obtained�by�both

SBM�approaches.

If�we�extend�our�attention�to�the�efficiency�scores�weighted�by�the�assets�managed�by

each�company�at�year-end,�we�find�that�these�scores�are�significantly�higher�than�the
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15 For�the�sake�of�brevity�we�omit�the�complete�yearly�rankings�and�detailed�reference�sets�of�all�the�mutu-

al�companies�included�in�our�empirical�analysis.�These�results�are�available�upon�request.



equally-weighted�measures�with�the�only�exception�of�Marketing�Stage�at�SBM�sep-

aration�model.�These�results�provide�evidence�that�size�seems�to�play�a�positive�role

in�the�efficiency�of�mutual�fund�companies.�This�finding�is�majorly�explained�by�the

good�efficiency�records�of�the�3�largest�companies�which�manage�about�45%�of�the

assets�of�the�Spanish�mutual�fund�industry�along�our�sample�period.�This�evidence�is

robust�across�all�years�and�management�stages�for�both�SBM�separation�and�NSBM

models.16

Finally,�the�comparison�between�Panel�A�and�Panel�B�shows�some�differences�in�the

efficiency�patterns�provided�by�both�SBM�separation�and�NSBM�models.�A�further

analysis�of�the�Spearman�rank�correlations�between�the�efficiency�rankings�obtained

by�both�techniques�(Table�4)�will�help�us�to�better�identify�these�differences.17 Table

4� finds that� the� rankings�obtained�by�both�SBM�separation�and�NSBM�models� are

quite�correlated,�especially�at�the�Operational�Stage.�However,�the�rankings�are�much

more�different�at�the�Marketing�Stage,�where�we�find�many�years�with�independent

rank�correlations�which�support�that�the�intermediate�links�affecting�Marketing�Stage

are�really�important�in�our�network�model.�These�links�are�not�properly�captured�by

the� SBM� separation�model�which� neglects� them�when� they� actually� exist,� thereby

explaining�the�differences�in�efficiency�and�rankings�with�respect�to�NSBM�approach.

This�networking�effect�makes�sense�according�to�our�network�complex�(Fig.�1)�where

Marketing�Stage�plays�a�relevant� intermediate�role�between�the�Portfolio�Stage�and

Operational�Stage.
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16 This� evidence� is� also� robust� for� the� efficiency� scores� obtained� under�CRS� assumption.�We� find� an� average

Spearman�correlation�coefficient�higher�than�80%�between�the�rankings�provided�under�VRS�and�CRS�hypotheses.
17 Kendall� rank� correlations� provide� similar� conclusions� than� those� Spearman� coefficients� displayed� by
Table�4.



TABLE 3

EFFICIENCY SCORES FOR SBM SEPARATION AND NSBM MODELS

UNDER VRS
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TABLE 4

SPEARMAN RANk CORRELATION COEFFICIENTS BETwEEN SBM

SEPARATION AND NSBM RANkINGS UNDER VRS

* 5%�significant;�** 1%�significant.

TABLE 5

SPEARMAN RANk CORRELATION BETwEEN EFFICIENCY RANkINGS

FOR SBM SEPARATION AND NSBM MODELS UNDER VRS

* 5%�significant;�** 1%�significant.
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According�to�Tone�and�Tsutsui�(2009),�the�efficiency�scores�of�the�management�stages

cannot�be�fairly�comparable�because�the�number�of�inputs�and�outputs�is�different�for

the�three�management�stages.�The�comparison�between�the�efficiency�rankings�of�the

management� stages� provides� therefore� more� accurate� conclusions� about� the� linking

effects�in�our�network�model.�Panel�A�of�Table�5�finds�new�evidence�which�confirms

that�the�omission�of�the�networking�effects�may�bias�the�efficiency�rankings�of�a�net-

work�structure.�Spearman�rank�correlations�show�that�most�of�the�rankings�obtained�by

the�SBM�separation�model�are� independent�and�even�negatively�correlated.�The�only

exception� is� in� the�Overall�Efficiency�as�a�consequence�of� its�equally-weighted�con-

struction�based�on�the�scores�of�each�individual�management�stage.�This�biased�inde-

pendence� in� the� rankings�may�be�explained�as�a�consequence�of� the�omission�of� the

links�by�the�SBM�separation�model�when�they�are�actually�present�in�a�fund�company

complex.

These�former�results�are�properly�corrected�after�including�the�networking�effects�by�the

NSBM�model.�Panel�B�of�Table�5�shows�a�significant�increase�in�the�similarity�between

the�rankings�as�a�consequence�of�the�incorporation�of�link�flows�in�efficiency�measure-

ments.� However,� the� Spearman� rank� correlations� between� Marketing� Stage� and

Operational�Stage�are�significantly� the� largest�between� the� three�management�stages.

That�is,�efficiency�at�Marketing�Stage�is�closely�related�to�the�efficiency�at�Operational

Stage.�In�fact,�efficiency�at�Marketing�Stage�is�much�more�related�to�the�efficiency�at

Operational� Stage� than� Portfolio� Stage.� If�we� extend� this� correlation� analysis� to� the

Overall�Efficiency�rankings,�we�find� that�Marketing�Stage�and�Operational�Stage�are

more�relevant�to�explain�the�Overall�Efficiency�of�a�company�than�the�portfolio�man-

agement�skills.�That�is,�the�abilities�for�selling�mutual�funds�seem�to�be�more�important

to� explain� the�Overall�Efficiency�of� a� fund� company� than� the�portfolio�management

skills�of�a�fund�company.�This�evidence�is�consistent�for�all�years�included�in�our�sam-

ple�period.

5.2. Persistence of efficiency scores across time and mutual fund companies

Mutual� fund� persistence� refers� to� the� compelling� hypothesis� that�mutual� funds�with

good�(bad)�performance�records�will�keep�these�good�(bad)�results�over�time.�Extensive

literature�has�been�devoted�to�this�predictive�phenomenon�since�the�key�early�studies�of

Brown� et� al.� (1992),� Grinblatt� and� Titman� (1992),� Hendricks� et� al.� (1993),� and

Goetzmann�and�Ibbotson�(1994).�We�extend�this�persistence�focus�on�the�NSBM�results

obtained�by�the�different�management�stages�of�a�mutual�fund�company.�That�is,� this
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section�aims�to�be�an�original�and�further�contribution�to�persistence�literature�and�tests

for�whether�fund�companies�maintain�their�relative�NSBM�rankings�over�time�for�the

different� management� stages� considered� in� our� network� model.� If� the� persistence

hypothesis�is�accepted,�then�those�companies�with�high�(low)�NSBM�efficiency�rank-

ings�in�a�specific�management�stage�will�keep�their�high�(low)�efficiency�rankings�over

time.

The�use�of�non-parametric�statistics�based�on�contingency�tables�has�been�frequent�in

persistence� literature� since� the� first� applications� by� Brown� and� Goetzmann� (1995),

Kahn�and�Rudd�(1995)�and�Malkiel�(1995)�among�others.�However,�the�arbitrary�deter-

mination�of�efficiency�groups� to�be�compared�with�other�efficiency�groups� in�subse-

quent�years�may�be�an�important�shortcoming�of�this�non-parametric�approach.�That�is,

those�groups�based�on�efficiency�medians�and�quartiles�as�usual�could�affect�the�accu-

racy�of�the�persistence�findings�in�the�sense�that�adjacent�groups�may�not�have�signifi-

cant�efficiency�differences�between�them.18

Our�approach�to�persistence�is�based�on�contingency�tables,�but�efficiency�groups�are

not�exogenously�determined�through�median�or�quartile�breakpoints.�We�propose�divi-

sive�clustering�techniques�to�design�robust�efficiency�groups�rather�than�the�mere�con-

sideration�of�median�or�quartile�groups�with�the�same�number�of�companies.�This�divi-

sive� clustering� approach� starts�with�one� large� cluster� containing� all� fund� companies.

This�group�is�divided�until�selecting�C representative�efficiency�clusters�with�the�largest

dissimilarity�between�any�two�of�its�efficiency�observations.19 According�to�standards

in�persistence�literature,�we�initially�identify�two�(C=2)�consistent�efficiency�groups�for

each�management�stage�and�year,�Winners companies�(W)�and�Losers companies�(L).

Then,� the�divisive� clustering� technique� splits� up� these�groups� to� obtain� four� clusters

(C=4)�for�each�management�stage�and�year�(Top Winners, Winners, Losers, and Bottom

Losers).�Table�6�summarizes�the�average�efficiency�scores�obtained�by�cluster�and�year.

These�statistics�show�that�clusters�are�significantly�different�in�efficiency�terms�to�form

accurate�contingency�tables�to�contrast�for�the�persistence�hypothesis.
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18 Cortez�et�al.� (1999)�already�noted�how�results� from�contingency� tables� for� small�mutual� fund�samples

should�be�interpreted�with�caution.
19 DIANA�algorithm�was�applied�to�obtain�the�efficiency�clusters.�DIANA�is�included�in�the�package�‘Cluster’
of�the�R�project�for�Statistical�Computing�(Version�1.14.4,�August�2013).�This�divisive�approach�seems�to�be
more�appropriate�than�agglomerative�techniques�in�our�concentrated�sample�because�it�initially�finds�few�con-
sistent�large�clusters�from�a�unique�efficiency�group�rather�than�combining�the�nearest�efficiency�observations
until�only�one�large�cluster�remains�as�agglomerative�techniques�do.�In�any�case,�the�efficiency�clusters�obtained
in�our�sample�by�both�techniques�are�quite�similar.�Detailed�cluster�dendograms�are�available�upon�request.



TABLE 6

SUMMARY STATISTICS OF ThE EFFICIENCY CLUSTERS

This�table�illustrates�the�average�efficiency�scores�per�cluster�and�year.�These�statistics�are�shown�for�those

companies�included�in�the�persistence�analysis.�Number�of�companies�for�each�cluster�is�in�brackets.

The� comparison� of� the� initially� obtained�W and�L groups� in� two� consecutive� years

allows� the� identification�of� the�2x2�contingency� tables�displayed�by�Table�7.�Several

non-parametric� tests�previously�used� in� the�persistence� literature�are�applied� to� these

contingency�tables.�Table�7�shows�a�significant�persistence�phenomenon�in�NSBM�effi-

ciency� rankings� for� all� the�management� stages� and� years� considered� in� our� network

complex,� although� less� significance� is� observed� between� 2008-2009� and� 2011-2012.

This�finding�is�robust�across�all�the�non-parametric�2x2�tests.�In�addition,�Cochran’s�Y-

test�also�confirms�this�persistence�for�the�whole�period�from�2005�to�2012.�That�is,�the

best� (worst)�managed�companies� at� the�different�management� stages� included� in�our

network�model�are�usually�the�same�during�our�sample�period.

To�look�more�deeply�at�the�persistence�effect�using�non-parametric�measures,�we�use�the�4x4

contingency� tables� that� result�when� comparing� the� four� efficiency� clusters� (Top Winners,
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Winners, Losers, and Bottom Losers)�in�two�consecutive�years.�Table�8�presents�the�main

results.�First,�we�find�a�significant�value�of�the�chi-square�test�for�each�management�stage�for

nearly�all�consecutive�periods.�Again,�this�result�provides�evidence�of�a�strong�persistence

phenomenon�in�the�NSBM�efficiency�rankings�obtained�by�the�Spanish�fund�companies�in

our�sample�period.�Similarly�to�2x2�contingency�tables,�this�4x4�analysis�also�finds�a�decrease

in�the�significance�of�this�persistence�between�2008-2009�and�2011-2012.�Financial�crisis�and

a�new�industry�competition�map�could�be�behind�of�these�results,�respectively.�In�any�case,

future�studies�are�necessary�to�properly�justify�these�potential�explanations.
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TAbLE 7

NSbM EFFICIENCY PERSISTENCE bASED ON 2x2 CONTINgENCY TAbLES

The 2x2 contingency tables are obtained by comparing the efficiency clusters W and L of two consecu-

tive years. Therefore, WW (LL) shows the number of winners (losers) in two consecutive years. WL

(LW) indicates the number of winners (losers) in the first year being losers (winners) in the next year.

The following non-parametric tests use the information provided by these 2x2 contingency tables. Z-test

applied by Malkiel (1995) compares the number of winners (losers) in two consecutive years with the num-

ber of winners (losers) in the first year. The Z-test~N(0,1) contrasts for the persistence hypothesis includ-

ing the probability of a winner (loser) being a winner (loser) in the next year. This probability takes differ-

ent values for each compared year, because the number of winners and losers is different due to our clus-

tering approach. Brown and Goetzmann (1995) propose an odds ratio which represents the number of per-

sistent companies to those that are not. Brown and Goetzmann (1995) develop a Z-test~N(0,1) to contrast

for the persistence hypothesis based on this odds ratio. Kahn and Rudd (1995) originally apply a chi-square

test~χ2
(1)

to contrast for the persistence hypothesis. This statistic is based on both actual and expected num-

ber of companies being WW, WL, LW and LL in two consecutive years. Similarly to the Z-test applied by

Malkiel(1995), the expected frequencies are calculated in our sample for each year. Finally, Cochran (1954)

uses aggregate information of 2x2 contingency tables to provide a persistence test for the entire sample peri-

od. This Cochran’s Y-test~N(0,1) is based on the number of 2x2 contingency tables, the number of winners

(losers) in the first year, and the relation between persistent companies and those that are not.
* 5% significant; ** 1% significant.
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TAbLE 8

NSbM EFFICIENCY PERSISTENCE bASED ON 4x4 CONTINgENCY TAbLES

The 4x4 contingency tables are obtained by comparing number of mutual fund companies included in the

four efficiency clusters (Top W, W, L and Bot L) of two consecutive years. The following non-parametric

tests use the information provided by these 4x4 tables. Similarly to 2x2 tables, a new chi-square test~χ2
(9)

is now applied to 4x4 tables to check for the persistence hypothesis. This test is based on both actual and

expected number of companies for each one of the 16 efficiency combinations in two consecutive years.

The expected frequencies are calculated in our sample for each year. Finally, we apply the residual analy-

sis of Haberman (1973) to identify those efficiency categories responsible for a significant chi-square

value. This test computes an adjusted residual d~N(0,1) based on both actual and expected number of

companies for each one of the 16 cells of a 4x4 contingency table. The adjusted residuals for each con-

tingency table cell are not displayed for the sake of brevity but its statistical significance is considered for

each cell. Similarly to the chi-square test, the expected frequencies are calculated for each year.
* 5% significant; ** 1% significant.
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Finally,�the�analysis�of�residuals�of�Haberman�(1973)�identifies�those�efficiency�groups

responsible�for�the�persistence�phenomenon.�Table�8�provides�very�insightful�evidence

of�this�test�in�our�sample.�We�find�a�significantly�higher�persistence�of�those�companies

included�in�the�Top W clusters�than�in�other�4x4�contingency�table�cells.�This�result�is

robust�across�nearly�all�time�periods�and�management�stages.�This�evidence�indicates

that�the�4x4�persistence�results�are�strongly�caused�by�the�best�mutual�fund�companies

in�efficiency�terms,�being�this�result�robust�for�portfolio�management,�for�marketing�and

distribution�of�mutual�funds�as�well�as�for�the�operational�efficiency�of�the�fund�com-

pany.

Furthermore,�following�to�Premachandra�et�al.�(2012)�if�we�pay�more�detailed�attention

to� the�number�of�companies� that�have�performed�consistently�well,�Table�9�shows

that�very�few�companies�are�able�to�perform�excellent�over�our�whole�sample�peri-

od.�This�finding�proves�the�great�difficulty�to�get�excellent�efficiency�records�during

a�long�time�horizon.�In�our�sample,�only�4,�5,�and�6�fund�companies�have�performed

consistently�excellent�over�periods�longer�than�6�years�at�Portfolio�Stage,�Marketing

Stage�and�Operational�Stage,�respectively.�In�this�small�and�selective�group�we�find

large� bank-owned� fund� companies� managing� many� mutual� funds� and� fund� types

together� with� small� independent� companies� specialized� in� few� mutual� funds� and

fund� types.20 This� result� may� indicate� that� both� diversification� and� specialization

strategies� may� be� successful� in� efficiency� terms� if� these� strategies� are� properly

developed.
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20 Detailed�information�about�these�companies�is�not�shown�for�the�sake�of�brevity,�but�it�is�available�upon

request.



Table 9

NUMBER OF PERSISTENT TOP wINNER-TOP wINNER COMPANIES

OVER DIFFERENT SAMPLE PERIODS

5.3. The search for locally efficient mutual fund companies

Finally,�according�to�the�important�concentration�of�the�Spanish�fund�industry�we�fol-

low�an�innovative�approach�proposed�by�Tone�(2010)�to�identify�locally�efficient�com-

panies�which�are�going�to�be�referred�to�the�best�practice�frontier�formed�by�fund�com-

panies�with�similar�management�characteristics.

In�our�SBM-based�separation�model,�the�intermediate�variables�and�therefore�the�inef-

ficiencies� associated� to� them� must� be� all� included� in� the� sets� of� ordinary� inputs

or�ordinary�outputs� for�each�stage

k.�However,�Tone� (2010)� states� that� the�objective� function� expressed�by� the�original

SBM�might�project�the�evaluated�company�onto�a�very�remote�point�on�the�reference

frontier�because�SBM�aims�to�find�the�worst�efficiency�score�associated�with�the�rela-

tively�maximum�slacks�under� the�constraints�of� the�model� (Appendix�A,�model�A1).

These�remote�projections�could�be�sometimes�hard�to�interpret�in�terms�of�appropriate

efficiency�comparisons.�In�order�to�overcome�this�limitation,�Tone�(2010)�explores�the

supporting�hyperplanes�(Facets)�of�the�production�possibility�set�to�define�the�existence

of�a�facet�which�includes�efficient�linear�combinations�of�the�companies�analysed.�In

most�DEA�models,�the�production�possibility�set�is�a�polyhedral�convex�set�whose�ver-

tices�correspond�to�the�efficient�companies�found�by�the�corresponding�DEA�method.

Tone�(2010)�argues�that�a�polyhedral�convex�set�can�be�defined�by�its�vertices�or�by�its

supporting�hyperplanes�and�recommends�four�variants�of�the�original�SBM�which�are

based�on�the�hyperplanes�instead�of�the�vertices.21 SBM�Variation�III�proposed�by�Tone
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21 SBM�Variation�I�aims�to�obtain�the�minimum�slacks-based�measure�point�on�the�facets�that�the�SBM�finds

for� the�objective�company.�That� is,� to� find� the�nearest� referent�point�on� the�efficient� frontier.�Then,�SBM

Variation�II�extends�this�approach�to�consider�all�facets�of�the�production�possibility�set.�Finally,�there�are

two� additional� variants� because� the� exhaustive� enumeration� of� all� facets� required� in� Variation� II� may



(2010)�is�the�most�suitable�model�for�our�research�purposes.�This�variant�aims�to�find

the�nearest�referent�point�on�the�efficient�frontier�by�clustering�all�facets�of�the�produc-

tion�possibility� set.�This�model� uses� groups�of� homogeneous� competitors� to� identify

globally�inefficient�but�locally�efficient�companies�within�these�clusters.

Variation�III�requires�four�steps.�First,�we�classify�all�companies�in�homogeneous�clus-

ters.�Second,�we�obtain�the�s efficient�companies�for�each�management�stage�k accord-

ing� to� the� SBM� separation� model� (A1),� thereby� identifying� the� inputs

and� outputs� for� these� SBM� efficient

companies.�Third,�we�enumerate�all� facets�of� the�production�possibility� set� and�only

select�the�clustered�maximal friends facets�(m
k
=1,…,�M

k
)�composed�by�combinations�of

SBM�efficient�companies�at�stage�k within�the�same�cluster.22 Finally,�for�every�stage�k

SBM�Variation�III�looks�for�the�nearest�point�on�the�reference�frontier�by�minimizing

the�slacks-based�measure�from�each�clustered�maximal friends facet.�The�formulation

of�SBM�Variation�III�under�VRS�is�defined�as�follows

subject�to (3)
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need�huge�computing:�Variation�III�clusters�all�facets�and�Variation�IV�makes�a�random�search�of� these

facets.
22 Tone�(2010)�defines�an�algorithm�for�finding�the�maximal friends facets.�A�subset�of�SBM�efficient�com-
panies�is�called�friends if�a�CRS�or�VRS�linear�combination�of�this�subset�is�also�efficient.�Then,�maximal

friends facets�are�those�friends facets�when�any�addition�of�an�efficient�company�(not�in�the�friends)�to�the
friends is�not�more� friends.�Finally,�a� friends facet� is�a�dominated friends facet� if� it� is�a�subset�of�others.
Detailed�explanations�of�this�algorithm�and�the�definitions�of�friends,�dominated friends and�maximal friends

can�be�found�in�Tone�(2010).
If�none�of�companies�in�the�cluster�analysed�is�efficient,�Tone�(2010)�proposes�to�pick�up�the�efficient�com-
panies�in�the�adjacent�clusters�to�form�the�maximal friends facets.



where� is�the�set�of�inputs�and�outputs�of�those�efficient�compa-

nies�that�span�each�clustered�maximal friends facet�(m
k
)�selected�in�the�third�step�of�this

variant.�That�is,�we�solve�model�(3)�at�stage�k for�each�clustered�maximal friends facet.

After�that,�the�efficiency�score� at�stage�k is�finally�computed�as�the�maximum

obtained�for�all�the�clustered�maximal friends facets�(M
k
).�If�model�(3)�finds�no�fea-

sible�solution�for�the�new�within-cluster�facets,�the�company�is�efficient�in�its�cluster,

that�is,�globally�inefficient�but�locally�efficient�in�relation�to�the�companies�with�com-

mon�characteristics.�Notice�that�if�we�delete�the�constraint� ,�the�model�(3)�would

be�solved�under�CRS�assumption.

According�to�Tone�(2010),�one�of�the�major�merits�of�this�SBM�Variation�III�is�that�the

efficiency�score�is�acquired�in�reference�to�the�efficient�companies�in�the�same�cluster.

The�results�are�more�accurate�because� the�companies�are�compared�with�competitors

with�common�cluster�characteristics.�This�advantage�is�especially�helpful�to�find�local-

ly�efficient�companies� in�mutual� fund�markets�with�assorted�competitors� such�as� the

Spanish�fund�industry.

Our�clustering�proposal�is�based�on�the�assets�managed�by�the�fund�companies�in�our

sample,�where�a�large�number�of�small�fund�companies�manage�a�residual�market�asset

share�and�a�reduced�number�of�huge�fund�companies�dominate�the�industry.�We�assume

the�hypothesis�that�companies�with�clustering-homogeneous�size�should�have�quite�sim-

ilar�management�resources�to�reach�efficiency�at�every�management�stage�in�our�net-

work�complex.�We�propose�5�size�clusters�based�on�homogeneous�dendogram�heights.23

Table� 10� highlights� the� assorted� size� statistics� of� these� five� clusters.� That� is,� these

extreme�size�differences�will�also�correspond�to�different�management�resources�under

our�clustering�hypothesis.

The�search� for� the�maximal� friend� facets�has�been�quite�different� for�each�stage�and

cluster.�A�total�of�19,112�reference�combinations�were�examined�to�find�the�maximal

friends facets�required�to�apply�SBM�Variation�III.�For�the�case�of�clusters�with�a�small

number�of�efficient�companies�the�maximal friends were�easily�found�according�to�the

algorithm�proposed�by�Tone�(2010).�On�the�other�hand,�those�clusters�including�more

efficient�companies�involve�much�higher�computational�resources.�As�an�example,�if�we
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23 Similarly� to� the� identification�of�contingency� tables� in� the�persistence�analysis,�we� follow� the�divisive

clustering�approach�proposed�by�DIANA�algorithm�to�find�robust�size�clusters.�Cluster�dendograms�are�avail-

able�upon�request.



find�13�efficient�companies�at�Portfolio�Stage�(Cluster�5�in�2007),�then�in�the�worst�case

we�run�
7
C
6
=1,716�SBM�models�to�search�for maximal friends facets.

The�analysis�of�efficiency�restricted�to�homogeneous�competitors�reveals�that�a�relevant

percentage�of�globally� inefficient� companies� are�now�considered� as� locally� efficient.

Table�10�shows�that�this�finding�is�valid�for�most�of�management�stages�and�years.�That

is,�we�generally�find�that�a�relevant�number�of�Spanish�fund�companies�may�be�consid-

ered�efficient�according�to�size-homogeneous�reference�companies.�This�result�supports

that�most�of�these�fund�companies�are�not�considered�inefficient�in�relation�to�competi-

tors�with�similar�management�characteristics�despite�the�inefficient�scores�obtained�in

relation�to�all�the�industry.�Table�10�also�shows�that�the�relevance�of�both�globally�and

locally�efficiency�levels�within�each�cluster�is�generally�more�important�in�large�com-

panies�than�in�small�companies�at�every�management�stage.�That�is,�efficiency�seems�to

be�positively�affected�by�the�fund�company�size.�This�result�confirms�the�previous�evi-

dence�provided�by�Table�3.

Finally,�this�large�number�of�globally�inefficient�but�locally�efficient�companies�across

management�stages�and�years�could�reveal�that�the�evaluation�of�the�efficiency�in�con-

centrated� fund�markets�should�consider�carefully�appropriate� reference� frontiers�with

similar�management�resources�to�avoid�misinterpreting�efficiency�conclusions.�Further

research�on�this�issue�is�necessary�to�extend�this�evidence.
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TABLE 10

EFFICIENCY BY SIzE CLUSTERS

This�table�shows�the�number�of�companies�included�for�each�size�cluster�and�year�together�with�the

average�assets�in�million�euros�managed�per�company.�GE�represents�the�number�of�globally�efficient

companies�found�by�the�SBM�separation�model�(Tone,�2001)�for�each�size�cluster,�management�stage

and�year.�LE�represents�the�number�of�globally�inefficient�but�locally�efficient�companies�found�by

SBM�Variation�III�(Tone,�2010)�for�each�size�cluster,�management�stage�and�year.
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6. CONCLUSIONS

This�study�is�the�first�evaluation�of�the�efficiency�of�mutual�fund�companies�in�a�rele-

vant�Euro�fund�industry,� i.e.�Spain.�Based�on�a�Network�SBM�approach�proposed�by

Tone�and�Tsutsui�(2009),�our�paper�develops�an�innovative�model�which�includes�three

interacting� management� stages� within� a� fund� company:� Portfolio� Stage,� Marketing

Stage,�and�Operational�Stage.

The�efficiency�results�of�this�network�model�show�that�the�linking�effects�between�the

management�stages�in�a�company�are�especially�relevant�at�Marketing�Stage.�In�addi-

tion,�we�find�that� the�abilities�for�selling�mutual�funds�seem�to�be�more�important� to

explain�the�efficiency�of�a�fund�company�than�the�portfolio�management�skills.�We�also

find�that�company�size�seems�to�play�a�positive�role�in�the�efficiency�of�Spanish�fund

companies.� Finally,� we� do� not� detect� a� significant� change� in� the� efficiency� patterns

before�and�after�financial�crisis.

According� to�efficiency�rankings�drawn�by�our�network�model,�we�find�a�significant

persistence�phenomenon�for�all�the�management�stages�and�years,�although�less�signif-

icance�is�observed�since�financial�crisis.�This�finding�is�robust�across�all�the�non-para-

metric�tests.�We�find�that�this�evidence�may�be�especially�driven�by�the�best�fund�com-

panies�in�efficiency�terms.

Finally,� the�application�of� the� innovative�SBM�Variation�III� (Tone,�2010)� to� the�con-

centrated�Spanish�fund�industry�finds�a�large�number�of�globally�inefficient�but�locally

efficient�companies�across�different�management�stages�and�years.�This�empirical�result

supports�the�application�of�specific�techniques�which�consider�homogeneous�reference

frontiers�in�those�highly�concentrated�fund�industries,�such�as�the�Spanish�mutual�fund

market.
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Appendix A. SbM model

According to the non-oriented and VRS version of the SBM model (A1) proposed by

Tone (2001), an objective company will be considered as efficient at stage k

in terms of Pareto-Koopmans when it has no input excesses and no output shortfalls for

any optimal solution, i.e., .

subject to (A1)

where . In this approach, the link

variables Z(k,h) and their slacks must be included in the sets of ordinary inputs Xk or out-

puts Yk previously defined. If we delete the constraint e λk=1, we deal with the CRS ver-

sion of the SBM model.

Let an optimal solution of the above model (A1) be . The reference set

R
o

to the target company at stage k is defined as those companies corresponding to pos-

itive values of the intensity vector.

(A2)

According to Tone (2001), the objective company can be projected in terms of

the companies included in the reference set R
o

at stage k as follows

(A3)
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Appendix b. Network SbM model and extension

After setting exogenously the relative importance wk of stage k in the overall efficiency

measure, NSBM (Tone and Tsutsui, 2009) evaluates the non-oriented overall efficiency

of a target company under VRS assumption as follows

subject to (B1)

where .

Notice that if we delete the constraint λk=1, we assume the CRS version of the NSBM

model.

According to Tone and Tsutsui (2009), the restrictions related to link variables z
o
(k,h) can

be added to the above model (B1) as following

(B2)

or

(B3)

where 

Restriction (B2) corresponds to the “free” case where the linking activities are freely

determined and keep continuity between input and output. That is, the link flow may

vary in the optimal solution of model (B1). Restriction (B3) corresponds to the “fixed”

case, i.e. the linking activities do not change. An objective company will be considered

as overall efficient when , and therefore an objective company will be con-

42

EFFICIENCY OF MUTUAL FUND COMPANIES: EVIDENCE FROM AN INNOVATIVE...



sidered as efficient at stage k when , being the non-oriented efficiency at

stage k defined by

(B4)

where sk-*, sk+* are the optimal input and output slacks at model (B1). The reference set

to the target company evaluated in (B1) at stage k is defined as the set of companies cor-

responding to positive values of the intensity vector.

(B5)

Furthermore, Tone and Tsutsui (2009) propose to extend the original NSBM model to

incorporate the inefficiency of the intermediate variables into the objective function.

This extension includes the slacks s(f,k)- of the intermediate input to stage k at link (f,k),

and the slacks s(k,h)+ of the intermediate output from stage k at link (k,h). The extension

of the non-oriented version of the NSBM model under VRS is set as follows

subject to (B6)
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where P
k

is the set of stages having the link (f,k)€ L (antecessor of stage k) and t
(f,k)

is

the number of intermediate variables in that link; and F
k

is the set of stages having the

link (k,h)€ L (successor of stage k) and t
(k,h)

is the number of intermediate variables in

that link. A company will be overall efficient at model (B6) when the optimal input and

output slacks together with optimal intermediate input and output slacks

result in .
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