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Abstract

As governmental subsidies to universities are declining in reeams,ysustaining excellence
in academic performance and more efficient use of resoureesbegome important issues
for university stakeholders. To assess the academic performamdebe utilization of th
resources, two important issues need to be addressed, i.e., a cagtaioldology and a set jof
good performance indicators as we consider in this paper. In this paperopose a set pf
performance indicators to enable efficiency analysis of acadactivities and apply a novgl
network DEA structure to account for subfunctional efficiencieh ag teaching quality,
research productivity, as well as the overall efficiency. Watetk our approach on the
efficiency analysis of academic colleges at Alzahra Univensitsan.
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Introduction

Universities play a crucial role in the development of a countng. &cademic performances
and more efficient use of resources have always been imporsaessior university top
administrators, policy makers, state, faculties, employeffés,stdumni, and students (Ahn et

al. 1988, 1989; Abbott and Doucouliagos 2003; Avkiran 2001; Monfared et al. 2006). In
order to assess the academic performances and the utilizatlma resources, it appears that
two important issues need to be addressed, i.e., a capable methodulogyset of good
performance indicators as we consider in the following.

The evaluation of education with ranking lists of universities hasrbecover the past few
decades, increasingly popular. These rankings have certaimdysanpacts on universities'
prestige and the number and quality of applicants, among other falitersnethods used in
these league tables (Avkiran 2001; The Complete University Guide D)k universities
have been criticized by many as they use a simple weighteafperformances, which is
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not rigorous and has some methodological problems and limitations@ienand Ishizaka
2010).

Among all evaluation methods, it has been data envelopment analy&s), (@
nonparametric linear programming technique, which may become a statatdr for
evaluating efficiencies (Charnes et al. 1979; Cook and Seiford 2009)i>&Aapproach for
identifying best practices of peer decision-making units (DMbthé presence of multiple
inputs and outputs. DEA not only provides efficiency scores for ineftiddiUs, but also
provides for efficient projections for those units onto an efficiemttier. DEA computes a
comparative ratio of weighted outputs to weighted inputs for each unithws reported as
the relative efficiency score. The efficiency score is uguatpressed as either a number
between 0 and 1, or as a percentage. A DMU with a score dh&esd is deemed inefficient
relative to other units.

DEA has been applied across a wide range of industries aasnallnonprofit organizations.

For a more recent and in-depth introductory treatment to DEA andihoe snathematical
representations of DEA, see the work of Charnes et al. (1979) @oid&f al. (2010). The

DEA in particular has been widely used to evaluate performanderank universities or
schools (see, e.g., Abbott and Doucouliagos 2003; Ahn et al. 1988, 1989;nALKI04;

Celik and Ecer 2009; Cook and Seiford 2009; Gander 1995; Giannoulis and Ishizaka 2010;
Heald and Geaughan 1994; Johnes 2006; Seiford 1996; Sinuany-Stern et al. 5984). A
matter of fact, education and higher education evaluation are iriftth@lace of the most
common field of study in DEA literature (Liu et al. 2013).

The focus for efficiency analysis in the education sector has be teaching quality (see,
e.g., Avkiran 2001; Celik and Ecer 2009), research productivity (see, e.g.sJatuhér'u,
2008; Kao and Hwang 2008; Tyagi et al. 2009), cost efficiency ¢sge,Tyagi et al. 2009),
or aggregate performance (see, e.g.; Abbott and Doucouliagos 2003; AvkirarC208drt
et al. 2000; Glass et al. 2006; Johnes 1992). However, all models devaldpede of the
single-stage DEA type. Even when both teaching and researcbrasieered together, they
are aggregated to form a single-stage DEA model. These modéstrihe internal linking
activities, and thus, it is difficult to accurately evaluate ithpact of teaching and research
inefficiencies on the overall efficiency of the university.

In fact, single-stage DEA considers a DMU as a ‘black baxd aeglects intervening
processes, i.e., different series or parallel functions. A novel D&del called network DEA
or NDEA that accounts for divisional efficiencies as welllas dverall efficiency has been
proposed in recent literature (see, e.g., Cook et al. 2010; Faferasskopf 1996, 2000; Xie
and Chong 2009). We think NDEA provides a capable methodology to assessntliffe
aspects of universities in a unified framework as we develop in this paper.

On the other hand, DEA and NDEA could work well if proper input and output indicators can
be defined and used. Different indicators have been used in thenassess$ universities
throughout more than four decades of conducting investigations (see, e.ger G88a8;

Cave et al. 1988; Johnes and Taylor 1990; Johnes 1992). Still, we witness immense variations
in different works available in the current literature. As nfiniteve study could be found to

guide the selection of performance indicators in the educationatxtooit DEA, a closer
examination of the literature encouraged us to advance a common dewoonfora
performance indicators in academic efficiency analysisith®&vreported, as a byproduct, in

this paper.
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This paper is organized as follows: in the ‘Specifying DMUjaits and outputs’ section, the
fundamental theory of measuring the efficiency of the universipiesyrams, colleges, and
departments is reviewed. Important indicators to specify and neetguquality of teaching
and research are discussed. The ‘Network DEA’ section developsvanetwork DEA
structure to measure the relative efficiency of both teaafiadjty and research productivity.
The ‘DEA mathematics’ section reviews the mathematics o0& Ddels, and the ‘Data and
computation’ section provides test results and interpretations foorpence efficiency
analysis of Alzahra colleges. A conclusion is drawn in the last section.

Specifying DMU's inputs and outputs

Although teaching and research have been considered by most pethi@dvas major tasks
of the universities, they are difficult to measure. We need some input/outpus fabioh are
capable of representing the achievement of teaching qualityesedrch productivity. We
also need measures of the resources that the department hasezbnsyrarforming those
two tasks. The selection of input and output factors for evaluatingpén@rmance of
university departments using DEA has been discussed in setatialss A good review and
discussion up to the year 1999 is the work of Avkiran-in the anabfsi8ustralian
universities (Avkiran 2001). It is clear in this investigation theademic units' assessments
by DEA models are very diverse, as both the types and the nupnfheput—output factors
are different. One wonders whether such situation is due to théhddctifferent universities
have different traits and background or that an explanation musbughtsin theory
deficiency; that theory has not yet been adequately developed déssassiversities
effectively. In the following, we consider the latest developmemtsecent literature to
present an updated view on input—output factors of importance in acaderoicnpece
efficiency analysis.

Complications

It has been indicated by Higgins (1989) that the most difficult iare@ademic performance
evaluation is that of teaching quality as the output performanstidénts may be the result
of the students' initial ability which they have already acguiefore entering the university.
Student evaluation for teachers may also be biased by the natanersds and does not have
a common base for comparison if the students have not been taughtebygleers (Kao and
Hung 2008). Shifting preferences may complicate measurement after fike student
satisfaction. In 2004, a research conducted by Sabanci Universiily &8d Ecer 2009) for
the purpose of revealing the elements of the university preferehties first 5,000 students
who have the highest scores showed that 54% of the successful suidemys feel happy
with their universities and academic programs. In this framew28kp of the students
expressed their intention of changing their academic programs; 168tudénts have a
tendency for changing both university and academic program, andflO% students who
were willing to change their universities complain about lackgobd and qualified
education. On the other hand, 14% of them complain about the lack of defaldies in
their universities. The shifting preferences of most succestfdéents in Turkey can also be
found in Iran.

Complications also exist in the research side of the equationaofelsic performance
analysis. As with the measurement of quality, there lacté@mamon base for comparing the
quality of different research work, and subjectivity is usually inwaIvigypical performance
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indicators on the research side include number of publications, citatraber, and journal
impact factors. Number of publications, often interpreted as a neeasfurresearch
productivity, suffers from the problem of different practices acrdsciplines. Citations
attracted by an article has its drawbacks too, as articl@sferent disciplines have different
shelf life, e.g., compare articles in mathematics which havgeloshelf life than those in
medicine. Impact factors are not problem-free either (Avkiran 2001).

In addition to teaching and research outputs, many believe that sitiegeproduce social
output, an output in which there is no adequate measure for it (seéliggins 1989; Johnes
and Yu 2008; Kao and Hung 2008; Kao and Hwang 2008). Another difficulthes t
availability of data. For example, some scholars suggest usirggldngy of the first job after
graduation as a measure of the achievement of teaching. Unfetjurthese data are very
difficult to acquire. Besides, different professions have diffesalary standards. It would be
unfair to compare the salary of an elementary school teacherthat of a medical doctor
(Kao and Hung 2008). Data dynamics is another factor of concernidgeeay data refer
only to a point in time, and some factors vary over time. For exaiimgeemployability’ of

a university's graduates depends on the economic situation.

Even in some studies (see, e.g., Colbert et al. 2000; Johnes 2006, 20081dKldwang
2008; Tyagi 2009), various models have been proposed and compared, meanirsintjlat a
model cannot adequately analyze the efficiency. It is gdpeagreed that input-output
factors should integrally reflect the purpose of the assessthentactors in the same level
should be relatively independent, i.e., contents of the factors should nefpéated in
different forms (Meng et al. 2008). By reviewing the literaasesummarized in Table 1, it is
clear that much value is inherent in any agreement which progusemputs and outputs
should be used to assess universities.


www.SID.ir

Table 1Variations of DEA models in academia

Row Author and year Country Number Number Number Level of Assessment
of of inputs  of study perspective
proposed outputs
models
1 Colbert et al. (2000) USA 3 3 3-4 Program Overall
2 Abbott and Australia 1 6 3 Universities Overall
Doucouliagos (2003)
3 Avkiran (2001)  Australia 3 2 2-3 Universities Teaching,
overall
4 Glass et al. (2006) UK 1 4 3 Universities Overall
5 Johnes (2006) UK 9 3-6 2-3 Universities Overall
6 Kao and Hung (2008)Taiwan 1 3 3 Departments Overall
7 Johnes and Yu (2008)China 4 6 3 Universities Research
8 Meng et al. (2008) China 3 3 3-8 UniversitieRResearch
9 Xie and Chong (2009) China 1 5 6 Colleges Overall
10 Tyagi et al. (2009) India 10 2-3 1-3 Departments Teaching,
programs  research,
cost, overall
11  Celik and Ecer (2009)Turkey 1 10 1 Program Teaching
12 Katharaki and Greece 1 4 2 Universities Overall
Katharakis (2010)
13 Kong and Fu (2012) Taiwan 2 1 2 Colleges Overall

The complications considered above is due to the fact that univestitigetain their certain
key characteristics that set them. apart from other typesrgénizations. The key
characteristics according to Lindsay (1982) are ‘the lack of pradtive, goal diversity and
uncertainty, diffuse decision making, and poorly understood production technology’.

Proposed inputs and outputs

Our proposed set of performance indicators/input—output factors igatkess in Table 2.
These proposals are the first comprehensive attempt, to theflmst knowledge, to cover
almost all factors of relevance suggested in the literatiaésd comprises some new factors
that we found important in our investigations, e.g., input factors 7 and Qugmut factors 5,
8, 9, and 15. However, some comments need to be made here. We do not maag that
efficiency analysis should cover all these factors as somermoabe of relevance. For
example, in normal programs of public-funded universities in Iran, theletion rate is
almost unity, i.e., it is a very rare case if a student who saftdl entered into a program,
passing a very difficult entrance exam, could not complete the cdureeefore, completion
rate cannot be a factor of importance and can safely begaidesl. Still, in the virtual
programs which are also run by the public-funded universities in Irangdmpletion rate

could be of relevance and need to be considered.
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Table 2 Proposed inputs and outputs for DEA model

Outputs Inputs

1. Teaching load 1. Number of BSc students (O)

2. Students assessments: teaching quality2. Number of MSc and PhD students (O)

retention rate (1)

3. Graduate prospects: employability of a 3. Number of fee-paying students or income

university's graduate, e.g., average startingrom tuitions (O)

salary, recruiter satisfaction with team

players, employment rate

4. Good honors: percentage of undergradst. Student's satisfaction from program and

achieving an entry into graduate programsuniversity, e.g., percentage of alumni who
donate, satisfaction (O) with curriculum,
satisfaction with placement

5. Quality score of admitting universities 5. Entry standards: studentd' atoility or
student minimum entrance exam, average
GMAT score

6. Completion: completion rate of those 6. Number of faculty members (instructors,

studying at the university assistant professors)

7. Publications (journal papers, conference’. Number of faculty members (associate

papers, books) professors, professors)

8. Hot papers (in top research journals) 8. Faculty member's positions (weighted
average)

9. Invited keynote speech in international 9. Number of adjunct professors
conferences

10. Grants and external contracts (educati@0, Number of administrative staff
applied research, consultancy)

11. Donations (1) 11. Floor space

12. Awards for education, research, and 12. Values of laboratory assets
community services(at both the national and

the international levels)

13. Inventive patent 13. Budget per student

14. Scientists' cultivation (excellent leaderg,4. Total incomes (O)
internationally known scientists)

15. Social and economic contributions 15. Research budget per faculty member (O)
(community services)

Also, note that in Table 2, we have considered that some of our proposedcapuiso be
considered as outputs, denoted by (O), depending on the perspective underthehic
efficiency analysis is performed. For example, ‘Research byskyefaculty member (O),’
i.e., our proposed input number 15, which is an input factor in an overaleefficanalysis
can become an output factor in a research productivity analysifhieQnthter hand, some of
our outputs factors listed in Table 2 can become input factors denpigd Bor example,
‘Donations (I),” i.e., our proposed output number 11, which is an output for a hghyed
university run by the private sector, can become an input fdstora publicly funded
university.

However, Table 2 contains 15 input factors as well as 15 output fadiars seem too many
as compared with the current researches exemplified in Tableelreason why researchers
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prefer DEA models with a very limited number of input and outpubbfads an important
subject for further research. An important reason is the sadogdliielen rule. According to
the golden rule, the number of DMUs divided by three could be a goodtodiof the
numbers of input and output in any DEA models. For example, if we haeeDMUSs, as is
the case in our analysis of assessing Alzahra colleges, we ltang three input and outputs
all together. However, the golden rule is compromised in actual mgdsforts to provide a
better tradeoff between the golden rule and an effective DEA Imdtetherefore suggest
that the input—output factors developed in Table 2 are considered as st@tiod point in
selecting the most relevant input—output factors.

Network DEA

The single-stage DEA models are based on thinking about productiowl@gy as a black
box that transforms inputs into outputs. However, in most real sihsatthe DMUs may
perform several different functions and can also be separatedfiietenli components either
in series or in parallel and/or in a more complex form of netwgpk.tIin such situations,
some components play important roles in producing outputs through the userwmiediate
outputs obtained from their previous components. Here, the black box approaes no
insights regarding the inter-relationships among the componenticigrafies and cannot
provide specific process guidance to DMU managers to -help them imgrev®MU's
efficiency. Thus, adding some degrees of structure might suit the ajgplibatter. However,
network DEA accounts for divisional efficiencies as well asotherall efficiency in a unified
framework (see, e.g., Cook et al. 2010; Fare and Grosskopf 1996, 200(\LiE2; Xie
and Chong 2009).

Teaching and research in academia are examples where the fresent time, simple
aggregated single-stage models-have been used. The aggregatachafig and research
neglects the internal linking activities, and thus, we could not eealbatimpact of teaching
and research inefficiencies on the overall efficiency of the wsitye Furthermore, the
single-stage model might choose an inappropriate pair of input vs. oatptduation and
assign an unreasonable score to the concerned DMU, since DEA skéeanhost favorable
pair for the DMU in the sense of maximizing the ratio scalather words, the analysis does
not fully access the underlying diagnostic value potentialiylalvle to the management. The
single-stage ‘models also rouse a problem involving the degreeedbifrein that the number
of input and output items increases relative to the number of DMUs.

This is where teaching and research activities and theceded input—output factors differ
by nature, though they are not mutually exclusive. In fact, theywo independent objects
with obvious overlaps. For example, a faculty member who teachesuise at an

undergraduate level is more a teacher rather than a reseaidwoe a faculty member who
teaches a supporting course for graduate students is both a teacher andleeresear

In our study of Alzahra's academic colleges and by considdrangvailability of data, we

have proposed a two-stage NDEA model as shown in Figure 1, wherestlstage defines

the teaching activities and the second stage defines thecesedivities. Herex!" is the
number of lecturers and assistant professdifs; is the number of associate professors and
professors;yt is the number of undergraduate studempt$; is the number of graduate
students, i.e., master students and PhD studghtstenotes the total internal and external
grants; and finallyy; is the number of awarded researchers and the number of presented
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papers at international venues. The awarded researchers arfathityemembers who have

been selected by the office of the vice president for researabtive faculties with intensive

research endeavors. Those members of faculties who attendedtiotaineonferences and

presented papers have also been selected as active resgasiodewe have taken their
records as a measure of research activity. The sum of gwges for any college is taken as
a measure of research productivity.

Figure 1. Teaching and research efficiency model: a network DEA.

In our proposed NDEA model, the faculty members, ££.,andx:" are considered as input
factors both to the teaching box and to the research box, with tbheofal/3 and 2/3 as
shown in Figure 1. This means that one third of a faculty mennmnéngt is assigned to
teaching courses and two thirds of it is assigned to reseaich ta the research box” is
an intermediate measure, as it is an output factor for theitggabox and an input factor to
the research box. The intermediate measgiffe is the number of students who have
completed their undergraduate studies and have been admitted int@doatgrprogram.
These students are input resources to our research box as thegketeEsearch activities at
the graduate level. In the standard DEA model, we get an efficerore of unity for all
DMUs if there is a measure that is to be treated as botm@rt and output, i.e., an
intermediate measure.

To present a more complete model, we could add a new input variableddasofe which
is the number of students who are admitted into the graduate pragrdnwho have
completed their undergraduate studies elsewhere. These studentwigthotigpse who have
finished their undergraduate studies in Alzahra Universityirar@act input factors to our
research box. However, as the number of DMUs or colleges warm&vzahra University is
only nine, we have to keep the number of inputs and outputs proportionak, Hertbe
present paper, we did not considér as.an independent input factor to our research box. As
a rule of thumb, the number-of DMUs should be more than threefold thefsunputs and
outputs. Here, if we want to consider this rule, the number of DNdsld be increased or
the number of input and output should be decreased. The first idea is noalalppdis there
are only nine colleges in Alzahra University. On the other hand, to follow the seleadve
had to have only three indicators which are too little, causing pooyseand less
discriminating. power.. The decreased discrimination produces too nfacené DMUs
which is also unrealistic. For this reason, we have to maken@romise as we did in our
network DEA model as depicted in Figure 1.

In order to provide the necessary background for testing our neAkmodel, we briefly
review DEA mathematics in the following section.

DEA mathematics

The mathematical formulations for different DEA models aredmtussed because others
have already adequately covered this (Cook and Seiford 2009; Co@he2@d6). Here, we
only give a brief introduction of basic DEA mathematics in otdgiresent the mathematics
needed for network DEA models.
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Consider that we haveDMUs where each has inputs denoted ago, Y20,..., Yo ands
outputs denoted aso, Y20,-.., Ymo- Weights assigned to outputs akeus,..., Us, and weights
assigned to inputs axg, V»,..., Vim. The efficiency is defined as a fraction

S

Z ur er
T (1)

m
2.ViXo
i=1

Then, the basic model of DEA is called tB€R ratio model which is defined as (2):

S

Z ur er Z ur yrj

MaxZ,, = =L Str=L <1 forj=1...nr=1.si= L.muy V= (2)
Wo D WX
i=1

i=1

This is referred to as constant returns to scale model. Thigofral nonlinear program
model of (2) can be converted into a linear program of (3) whichlied themultiplicative
form of the output-oriented CCR model:

MINZ, =Y VxSt U Yo =Ld WX -duy,20,j=1..,nir=1.si= L. my v (3)
r=1 r=1 i=1 r=1

Its dual which is calle@nvelopment form of the output-oriented CCR model is presented as

(4):

Maxy, =8 st A x, < X, fori=1,2.. m YAy, 26y, forr= 12,5 @
= =1 :

A;20,forj=1,2,.. n;@ unrestricted in sign

S

DU Yo
Here, @ is the dual variable for constraintt , and the dual variable for constraint

m S

2Vi%; =D Uy 20 | .

i=1 r=1 is ;. In (5), we present the equivalent output-oriented envelopment form
for the BCC model that is referred to as variable return to scale model:

Maxy, =8 st> A x, <X, , fori=1,2,. m DAy, 26y, , for= 12,5
j=1 j=1
) G
Z)Ij =1, forj=12,..nA; =2 0, foj = 1,2,. n € unrestricted in sign
j=1

Now, let us consider a two-stage process wiggage inputs to the first stage; are outputs
from the first stage and at the same time inputs to the setage 4y is thedth intermediate
variables of theJth DMU), andy;; are outputs from the second stage. Using the network
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approach of Fare and Grosskopf (1996), we can wriéentttwork model (6) as follows
(Cook et al. 2010):

MinZ, =0st DA x, <Ox;,,fori=1,2,.. m> @, u ¥, 2 0, fod= 1,2,. D
j=1 j=1

. : (6)
DYy 2 Yo forr=1,2,.. 84, ,4,2 0, fof = 1,2,. n § unrestrictéul sign
=

Model (6) is the dual (Cook et al. 2010) to thecatled centralized model (7) as

S m S D
Maxy, =D U, VoSt VX, =LY Uy, —> Wz, < 0,forj = 0,1,2,.. n
r=1 i=1 r=1 d=1

D m
dw,z, ->Vvx <0,forj=0,12,.. nw,2 0,fod= 1,2, D ;" .(7)
d=1 i=1

v, 20, fori=12,.. muy, 2 0, for =1,2,...s
This model is the Kao and Hwang model (2008).

Data and computation

Alzahra University has 9 colleges and 41 departsagit which 34 departments offer
baccalaureate degrees, 34 offer masters degreds,1@noffer doctoral degrees. The
Department of Mathematics, the Department of Foréignguages, and the Department of
Islamic Teachings offer courses such as calculagli¢h, and ethics to other departments,
respectively. These departments are called sedapartments, and courses are called service
courses. It should be noted that the Women Resézeater has no teaching duties, i.e., it
produces only research products associated witlsdbml life of women. There are some
departments that do not offer teaching at the grdduate level including the Department of
Linguistics, the Department of Information Techrgytdn Engineering, the Department of
Educational Psychology, the Department of Infororaffechnology in Management, and the
Department of Art Research. Data for input—outpdtdrs for nine colleges of Alzahra
University are illustrated in Table 3.
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Table 3Inputs-outputs statistics for colleges of Alzahra

Row College name Inputs for  Output for Output for Outputs for research
teaching and teaching teaching/input
research for research
xy  xy Yi i yi V2

1 Literature, 31 12 681 235 23+0 16 + 15
Languages and
History

2  Theology and 27 1 507 179 4+0 15+0
Islamic Teachings

3  Women Research 4 0 0 0 2+2 6+6
Center

4  Sports 12 0 480 38 23+0 4+6

5 Social and 36 9 1,044 342 4+ 3.7 16 + 15
Economic
Sciences

6  Basic Sciences 55 27 1,295 433 23.7 +2.33 + 37

7  Psychologyand 29 9 706 310 8.7+0.33 16+ 13
Education

8 Engineering 12 1 405 84 1.7+4.3 5+1

9 Arts 29 1 959 228 8+1.7 16 + 6

The following notes should be made with respediable 3:

(2). Data for inputs and outputs identified in T@Blwere extracted from publications by
the vice president for research for years 200M@64 Vice president for research 2002,
2005);

(2).Data in the seventh column, e.g., 2.3 + ®m 1, represent the internal grants and the
external grants, respectively. Also, data in tlghti column, e.g., 16 + 15 in row 1
represents the number of awarded researchers amdithber of conference papers
presented at international venues, respectiveghduld be noted that the act of adding
these two different numbers together provides tis avbetter picture of the research
productivity of colleges in Alzahra. It also helgsachieve better efficiency scores as we
realize that the number of DMUs in this study i$yanne and that there should be some
appropriate correspondence between the samplasizeum of the number of inputs and
outputs;

(3). Data for internal grants and external graatdtie Woman Research Center is
estimated by the authors.

The results for our network DEA model, as showfigure 1, are illustrated in Table 4. We
have also solved three alternative single-stageetscals shown in Figure 2 including the
single-stage teaching model, single-stage research model, and single-stage aggregated

model. Test results for these alternative models arensamzed in columns 2, 3, and 4 of
Table 4. We have solved the linear program of aalee 36 times, i.e., 9 times for each
model for 4 different models (see Appendix for astance of the network DEA linear
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program). All four different performance modelstimis study run under variable return to
scale.

Table 4 Efficiency scores in four different models
Row Single-stage teachingSingle-stage researchSingle-stage aggregated Network

model model model model
1 0.79 0.69 0.87 0.73
2 0.86 0.66 0.86 0.83
3 1 0.66 0.25 0.22
4 1 0.84 1 1
5 1 0.74 1 0.92
6 0.82 0.98 1 0.76
7 1 0.82 1 1
8 1 1 1 0.81
9 1 0.84 1 1

Figure. 2 Single-stage models.

It is interesting to note that with our traditiorshgle-stage aggregated model, we have six
colleges that perform efficiently, while using caglvanced network DEA model, we have
only three efficient colleges. In DEA approachstimplies that network DEA discriminatory
power is better. Assuming that the network modsluissumed to the single-stage aggregated
model, we search for correspondence between efficigleges. Therefore, a college that is
efficient in the network model is expected to bé&cefnt in the single-stage aggregated
model.

Examination of Table 4 also reveals that threeodix efficient colleges in the single-stage
aggregated model are also efficient in the netwodklel. Similarly, efficient colleges in the
single-stage teaching model are efficient in thievaogk model. However, similar results do
not hold for the single-stage research model. Sbdervations indicate a considerable level
of discriminatory power. Comparisons of scores leetwthe network model and single-stage
aggregated model are shown in Figure 3.This remulbhasizes that the traditional DEA
model which treats the efficiency evaluation likebkack box and ignores the internal
processes is not appropriate for identifying iredint DMUs and evaluating the degree of
their inefficiencies since it provides little inbiginto the inefficient sources and the locations
where the inefficiency may occur.

Figure. 3 Comparisons of scores between two models.

Comparing the results obtained for the single-stegehing model and the results obtained
for the single-stage research model, using thdiegislata, one can conclude that Alzahra's
overall teaching quality is better than its reskgoductivity. Still, we believe that data for

more indicators as suggested in Table 3 shouldlected so that a more precise picture can
appear, illustrating the academic performance dafaAta University. An analysis at the

department level, in particular, can shed moretlgh the working situation and ups and
downs of Alzahra University.
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Conclusions

Higher education plays a key role in the developgnwna country. With the increasing
number of young people enrolling in higher educapoograms in different universities, the
quality of university degree has become increagir@imatter of concern for academic
professors, university administrators, policy makand the government. The main objective
of this study was to develop a novel two-stage oekviDEA model to examine the relative
efficiency of teaching quality and research prouhitgt of higher education institutes. We
have also developed an appropriate set of inpypdbdactors for performance analysis of
universities.

We tested our network DEA model on the assessmienblteges of Alzahra University
against three alternative single-stage models.rébts reveal that the discriminatory power
of our network DEA is stronger than those of thegkd-stage models, i.e., the efficiency
scores can better indicate which colleges neetiduittention, but it does not say in what
area. On the other hand, our functional analysiagusingle-stage models will provide
efficiency scores for teaching quality and resegmcdductivity. These results together give a
superior picture of the existing inefficiencies atmeir relevant areas unmatched with the
traditional single-stage models. As this is thetfpaper which attempts to develop a new
network structure for productivity analysis of hggheducation institutes, we think further
investigations should be undertaken in both themaetand experimental aspects to
strengthen our findings.
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Appendix

Full description of NDEA model for the College oitérature, Languages and History (see
formula number (6) in the ‘DEA mathematics’ sectiand Table 3 in the ‘Data and
computation’ section):
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Min 0

Subject to

10.331; + Ay + 1.333 + 4hy + 1205 + 18.336 + 9.66l7 + 3ig + 9.66l — 10.33 >0
40, +0.333, + Qg+ Qly + 35 + Y + 317 + 0.3335 + 0.3339 - 49 <0

6814, + 507, + Ol + 4801, + 1,044 + 1,295 + 706l; + 4055 + 959 > 681
2350, + 179, + Ol + 381, + 3425 + 4335 + 310, + 84lg + 228° > 235

20.661 + 184, + 2.6613 + 8uy + 24us + 36.661 + 19.337 + Qug + 19.3319 < 20.66
8u1 + 0.666, + Quz + Qua + 6us + 1846 + Guz + 0.666i5 + 0.6665 < 8

6811 + 507 + Quz + 48Qus + 1,044is + 1,29%: + 70647 + 4051 + 9590 < 681
23511 + 17, + Quz + 38us + 3425 + 4336 + 31Qu7 + 84ug + 22819 < 235

2.3u1 + dup + Quz + 2.3 + 7. us + 26.036 + 9.0317 + Bug + 9. 79> 2.3

3ug + 1590 + 12u3 + 1Qug + 3lus + 74ue + 27 + Qug + 229> 31
41>2042>043>044>045>046>04,>0745>2049>0

11> 0u2>0uz3>0ps>0pus>0ue>O0uz7 = 0pg>0p9>0

The solutions are as follows:

0= 073,},1 :ﬂ,z :ig =i4 =ﬂ«5 :ie = 0,},7 = 05732,&8 = 068,},9 = 0,/11 = 1,/12 = U3 =Us = U5
=ue =7 =g =pg=0.
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