<
brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk

provided by Economic Affairs - Official Publication of AESRA

P

Economic Affairs, Vol. 64, No. 4, pp. 769-781, December 2019
DOI: 10.30954/0424-2513.4.2019.12
©2019 EA. All rights reserved

Departmental Efficiency of Panjab University: An Analysis Using
Dea and Tobit Model

Meenakshi Sharma* and Anjali Mehra
Department of Agriculture, Khalsa College, Amritsar, Punjab-143001, India
*Corresponding author: meenakshisharma212@yahoo.com (ORCID ID: 0000-0001-6465-4116)

Received: 06-07-2019 Revised: 04-10-2019 Accepted: 04-12-2019

ABSTRACT

The purpose of this paper is to assess the efficiency of teaching departments in Panjab University,
Chandighar. The Data envelopment analysis and Tobit analysis is used to assess the teaching and research
efficiency of a set of departments. Six models are proposed based on different parameters to cover various
drivers of efficiency. We used both Charnes-Cooper-Rhodes (CCR) and Banker, Charnes and Cooper
(BCC) output oriented model with three inputs and three outputs. Next, we present some important
differences in efficiency of these departments. We also define benchmarks for inefficient departments
and quantify the gaps to be fulfilled by them in order to become efficient. Further the robustness of DEA
results was tested with help of Sensitivity analysis. The paper provides evidence that among teaching
performance, the majority of teaching efficient departments were from the Social Sciences group and
over the years, the teaching efficiency of Sciences departments improved and that of the Languages
departments decreased. It is further observed that the majority of research efficient departments were
from Sciences group, indicating that these departments are good performers for research activities like
publications, research projects and paper presented.

Highlights

® The lack of research work is the main reason of inefficiency of teaching departments.

Keywords: Efficiency, DEA, Teaching and Research efficiency, University Departments

Universities play a dynamic role in nation building
as they offer education and training, conduct
research as well as extension work. In a developing
country like India, higher education is provided
both through government and private institutions.
“At present there are 753 universities in the
country with an enrollment of 28484746 students
and employing 151541 academicians in university
teaching departments, which include 47 Central
universities, 123 Deemed universities, 345 State
public universities, 235 State private universities and
3 Institutions of National Importance” (UGC Annual
Report, 2016-17). The State universities are play a
critical role in promoting higher education, but are
facing challenges like shortage of funds, inadequate
teaching staff, lack of quality research etc, which has
resulted in the fact that none of the state universities

of the country, find their place in top 100 best ranked
universities in the world. With ever increasing
enrollment of students into the public universities
and limited funding, it is no longer an option for
these institutes to operate at a higher degree of
efficiency; it has rather become a necessity. Thus, it
becomes imperative to evaluate the performance of
these universities, so as to have an in depth analysis
of their strength and weaknesses.

In order to measure the performance of non-profit
organization like state universities, a performance
measurement tool is required. Profitability as
measure of performance cannot be used because
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the universities produce multiple outputs (e.g.
graduates and publication) using multiple inputs
(e.g. lecturer and facilities), which canot be assigned
monetary value. Therefore the only option left is
measurement of performance in terms of efficiency,
through paramatric and non parametric techniques.

The vast majority of the literature examines the
efficiency across universities either on institutions
or on departmental level. The most notable studies
are Avkiran (2001), who examined the technical and
scale efficiencies of thirty six Australian universities
through DEA for the year 1995. The main findings
from the study showed that the university sector was
performing well on technical and scale efficiency,
but there was room for improving performance
on fee-paying enrollments. Most universities were
operating at decreasing returns to scale, indicating
potential to downsize their operation. Moreno &
Tadepalli (2002) also evaluated the efficiency of forty
two academic departments in the US Government
University by applying the DEA approach. The
results of the study revealed that only twenty two
departments were found to be efficient and the
department of Arts achieved the lowest efficiency
score. The study suggested that the university
administration should allocate more resources to
inefficient departments to enhance their efficiency.
Martine (2003) did the performance assessment of
the fifty two departments in Zaragoza University in
Spain using DEA during the year 1999. The study
revealed that the majority of the departments had
been assessed efficient. Kao and Hung (2008) also
worked out the relative efficiency of academic
departments of University and suggested using
DEA as a planning tool. Another set of studies
were done by Tyagi et al. (2009) and Halkos et al.
(2010), who worked out the departmental efficiency
with the help of DEA analysis. They illustrated
how the recent development in efficiency analysis
and statistical inferences can be applied when
evaluating institutional performance issues. The
results revealed that the existence of misallocation of
resources or inefficient application of department’s
policy development. Kuah (2011) evaluated the
efficiency of thirty universities through the DEA.
The results of the study revealed that out of thirty
universities, three universities were efficient in their
teaching activities, and eleven universities were
considered efficient in their research activities, while
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only one university was considered efficient in all of
the three criteria. Agha (2011) and Aziz et al. (2013),
carried out the comparative departmental efficiency
analysis by using DEA technique to investigate
the performance of departments with different
dimensions, four models with different input-output
combination were defined. Sensitivity analysis
performed suggested that different combinations
of input-output yielded different efficiency scores.

Revewining the empirical work it was observed that
though the performance of universities has been
measured in term of technical efficiency in many
empirical studies internationally, but sparse work
has been done at national level, with practically
negligible work at state university level. The present
study is an attempt in this direction. Specifically the
objectives of the study are:

¢ To analyse the overall technical efficiency of
the various teaching departments of Panjab
University, Chandigarh.

¢ To decompose the OTE of the departments
into PTE and SE, to find the main source of
inefficiency of departments.

¢ To test the robustness of the results using
senstivity analysis.

¢ To workout the research efficiency and teaching
efficiency of university departments.

¢ To find the factor effecting efficiency of the
departments.

For fulfilling these objectives, the study has been
divided into six sections including the present
one. i.e the Introduction. Section II briefly outlies
the material and methods in the study. Section III
focuses on the profile of Panjab University along
with the measurement of OTE of the University
departments. Section IV attempts to check the
robustness of the efficiency scores with the use
of Sensitivity analysis. Section V tries to find the
factors influencing efficiency scores through Tobit
Regression analysis, while Section VI summaries the
findings and presents the policy implementation.

SECTION II

MATERIALS AND METHODS

Data Envelopment Analysis is developed by
Charnes, Cooper, and Rhodes (1978) and extended
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by Banker, Charnes and Cooper (1984). It is used
to evaluate the performance of a set of peer entities
called Decision Making Units (DMUs), which
coverts multiple inputs into outputs. The efficiency
is estimated relative to the best performing DMU.
The best performing DMU is assigned an efficiency
score Unity and performance of other DMUs vary
between 0 and 1.

The most basic DEA model is the CCR model. It
was developed to evaluate relative efficiency of
homogeneous DMUs with multiple inputs and
multiple outputs. Suppose there are n DMUs to
be evaluated where each DMU has m inputs and
outputs. The relative efficiency of a DMU, (where
o ranges over 1, 2,...., n) is evaluated by solving the
following fractional programming problem:

Let there be n DMUs whose efficiencies have to be
compared. Let us take one DMU, say m™ DMU and
maximize its efficiency subject to the constraint that
efficiency of other DMUs cannot exceed 1 with same
weights as for DMUm,

max k, = ——
z,— UimXim

Subject to,

> VY,

0<’1—<1;n=1,2, .......... N
2Vt

Voo Uy > 050=1.2,0 =123 J

Where E m is efficiency of m™ DMU, Y, is the j*
output of m" DMU, V, is the weight of that output,
X, is ith input of m™ DMU, U, is the weight of
that input. The above mathematical program, when
solved will give the values of weights u and v. If
efficiency is unity, then DMU is said to be efficient
and will lie on frontier. Otherwise, the DMU is
said to be relatively inefficient. The general form
of CCR (Charnes, Cooper Rhodes) DEA model can

be written as,
I
Max = 2] leijm
Subject to,
1
Zi lUimXim = 1
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3 VY S U X, <05 =12, N

V. U >ei=12,...... 1,j=12,...... J

jm® T im

The general form of BCC model can be written as,

maxZ= 3. V¥ +Us,

J=1 Jm—jm

subject to,

;lU, X =1

J I
ZHijijZ,.:lUime +U,, <0;n=12,.....N

V. U >ei=1,2,....... Lj=1.2,....... J

Jm’> " im

u,,is unrestricted in sign

DEA also identifies the reference sets called peer
group. A peer group contains two or more efficient
DMUs for an inefficient DMU. Thus, an efficient
DMU may be a peer for one or more inefficient
DMUs. A DMU which appears frequently as a peer
for more inefficient DMUs or has a high peer count
is considered as an example of good performance.

Sensitivity analysis

“Sensitivity analysis is a way to test the robustness
of DEA results. The analysis is conducting by
omitting an input or output and then studying the
results” (Ramanathan, 2003). We use this method as
second stage testing method for our study.

Tobit regression model

“Tobit regression model is a statistical non-linear
model proposed by James Tobit to describe the
relation between a non-negative dependent variable
Y, and an independent variable X . The word Tobit
is taken from the name Tobin and “it” is added to
it” (Joreskog, 2002). This model has been extensively
used in estimating determinant variables on
efficiency. It is mainly used with DEA model as the
second stage of analyzing efficiency in various fields
including education.

Research Design

According to Dyson et al. (2001) the number of
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DMUs >=2*s*m. In the present study there are
three inputs and three outputs, while the decision
making units are forty teaching departments, so
DMUs>=2*3*3=18. Hence condition is satisfied.

Variable Selection

As public institutions, a University uses multiple
inputs to produce multiple outputs. For the present
study following three inputs and three outputs
were used to asses the performance of departments
through technical efficiency.

Input Variables

1. Teaching staff- the faculty members has been
taken as input variables by Avkiran (2001),
Abott and Doucoullagos (2003), Tyagi et
al. (2009) and includes faculty members of
the university. As these are divided into
different ranks so in order to construct a
proper aggregate measure, weights were
assigned to different ranks in such a manner
that the distance between two ranks was one
third (1/3) = .33. Thus, a Professor was given
weight as 1, Reader or Associate Professor
with .666 and Assistant Professor as .333.

2. Non-teaching staff- work for teaching
staff and is also known as auxiliary staff
and include teaching aides, technical and
administrative staff. The previous studies
that used the same indicator were of Avkiran
(2001) and Tyagi et al. (2009).

3. Departmental Operating Cost: is the cost
or amount of fund disposed of by each
department for its developmental activities
or maintainance. It is recurring cost of the
department and this variable was also used
by Abott and Doucoullagos (2003), Tyagi et
al. (2009) in their research.

Output Variables

As the main functions of a university are teaching
and research. Therefore the main output variables
taken were:

1. Enrollment- it appeared as output in the
studies of Avkiran (2001), Abbott and
Doucouliagos (2003), Tyagi (2009) and Halkos
and Tzeremes (2010). It represents the quality
and quantity of any department. Weights
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were again assigned to different student
ranks. The doctoral students are assigned
with 1, Postgraduate with .666 and graduate
with .333.

2. Research — Research is an essential part of
university and is the most controversial output
in literature, many studies like, Avkiran
(2001), Abbott and Doucouliagos (2003) Tyagi
(2009) and Halkos and Tzeremes (2010).
While measuring the research performance
of departments, several parameters had to
be considered. Each parameter has its own
shortcomings, so weights were assigned
to each parameter of research in following
manner

Research = Number of projects by
Department + 0.8 (Number of publication
by each Department) + 0.6 (Number of
book published by each department) + 0.4
(Number of paper presented in Conferences
and Seminar by each department) + 0.2
(Number of Conference and Seminars
attended by faculty of each Department).

3. Progress- department’s student is taken as
proxy and is measured in term of number of
PhD’s awarded by each department during
the study period.

Choice of Orientation

There are two choices of orientation in DEA are
input oriented and output oriented. The aim of
input orientation is to minimize the inputs at given
output level and the aim of the output orientation
is to maximize the output at given level of inputs
input. The present study employs output orientation
because inputs variables taken are inflexible for a
particular time period. At the same time output
variable like research and progress cannot be
decided in advance, while only one output variable
“enrollment” can be fixed, so output-oriented model
was considered to be appropriate for our analysis.

Return to Scale

“There are two types of scales that are Constant
Return to Scale (CRS) and Variable Return to
Scale (VRS), which can be used to measure overall
technical efficiency. CRS assumes that an increment
in inputs results in proportion increment in output,
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while VRS assumes that an increment in inputs
results in a disproportionate increment in outputs”
(Cooper & Seiford, 2001). Both CRS and VRS are
employed in this study and results were compared.

Data and Sample

The present study is based on the information
collected about teaching departments of Panjab
University, Chandigarh. Those departments were
included which run graduate, postgraduate and
doctoral programmes in the main campus, while
the departments imparting diploma and certificate
courses were left out. The sources for the data are
Budget Estimates and Annual Reports (Various
Issues) for Panjab University, Chandigarh.

SECTION III
RESULTS AND DISCUSSION

Profile of Panjab University

“Punjab, a north western state of India, is ranked
thirteenth among the states as far numbers of
universities (26) are concerned, and with 1080
colleges occupies fourteenth position in college
category. For students enrollment the state ranks
thirteenth with 680816 lakhs enrollment” (UGC
Annual Report, 2016-17 (a)). Punjab University, the
oldest university in the State is ranked twelfth with
a score of 67.32 and it was established in 1882 as
University of Punjab at Lahore (now in Pakistan),
post independence in 1960, it was shifted to its
present campus at Chandigarh, Punjab. It is spread
over an area of 550 acres (2.2 km?) in Sectors 14 and
25 of the city of Chandigarh and has 78 teaching
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and research departments, 15 Centers/Chairs for
teaching and research. The university has 188
affiliated colleges spread over Punjab and also one
rural Regional Centre at Kauni and 3 Regional
Centres at Muktsar, Ludhiana and Hoshiarpur. It
has 4 constituent colleges located at Sikhwala (Sri
Muktsar Sahib), Balachaur (SBS Nagar), Nihalsingh
Wala (Moga) and Guru Harsahai (Ferozepur). It
has been imparting education in Arts, Letters,
Science and the Learned Professions with a focus
on furthering advancement of learning and the
prosecution of original research. (www.puchd.ac.in).

Table 1 reveals a brief picture of the Panjab University,
Chandigarh at its main campus at six different
points of time. The number of departments, faculty
both teaching and research, enrollment of students,
PhD awarded and number of papers published were
considered as academic indicators of the University.
The results of the study revealed that the total
number of teaching and research departments has
also increased from 43 in 1990, to 78 in 2014 at a
compound growth rate of 2.51 percent annually,
while the total enrollment has nearly doubled
to 9862 in 2014 from 4807 in the 1990, showing
higher growth of 3.04 percent annually. This was
due to increase in female student enrollment (3.58
percent annually) as compared to enrollment of
male students (2.43 percent annually). The growth
of teaching faculty does not commensurate with
enhancement in enrollment, as there is a decline
of teaching faculty from 583 in 1990 to 513 in 2014,
having a negative growth of -0.53 percent annually.
The faculty posts are lying vacant in the University,
which has resulted in an adverse student teacher
ratio. Due to financial constraints, the University

Table 1: Profile of Panjab University, Chandigarh (Main Campus)

Number Staff Employed Students Enrolled Research Undertaken
f Teaching and Teaching  Non Teachin Ph.D Paper

Year ?{es:a:ch lsgepartments Staff ’ Staff ’ Male Female  Total awarded Pull))lished
1990 43 583 542 2421 2386 4807 89 461
1995 43 580 675 2502 2428 4930 126 368
2000 45 579 728 2902 3099 6001 94 584
2005 51 503 714 2996 3633 6629 126 646
2010 67 449 738 4121 5341 9462 195 965
2014 78 513 750 4305 5557 9862 169 1054
g‘;:)“‘/ft;“gjtes 2.51 0.53 136 243 358 304 271 3.50

Source: Annual Reports of Panjab University (Various Issues).
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is now employing teachers on contract-basis or
lecture-basis, which adversely affects the quality of
education. The compound annual growth rate for
non-teaching staff (1.36 percent annually) was found
to be satisfactory. The number of students awarded
Ph.D also increased from 89 in 1990 to 169 in 2014,
while the other aspect of research i.e number of
pulications increased at 3.50 percent, indicating the
increase in research in the university.

Overall Techanical Efficiency (OTE), PTE and
SE of departments of Panjab University

Table 2 Summaries the dataset for all inputs and
outputs variables included in the present study.

Table 2, shows the maximum and minimum values
for the data. It also describes the mean, median and
s.d for different inputs and outputs variables.

Table 3 shows the CRS and VRS efficiency scores of
departments of the Panjab University, Chandigarh for
the year 2014. According to CCR results, out of forty
departments, only twelve departments were found
to be efficient, of which three departments (Hindji,
Punjabi and Sanskrit) were from Languages group,
five (Economics, Physical Education, Psychology,
Public Administration and Law) belonged to Social
Sciences and four (Biotechnology, Physics, Chemical
Engineering and Technology and Forensic Science
and Criminology) were from Science group. All
the remaining departments were comparatively
technically less efficient as they had secured value
less than One. The average efficiency score under
CCR assumption was 0.743, indicating scope for
improvement by 25.7 percent. The department of
Punjabi appeared as peer for maximum number of
departments (17), indicating that it was the most
technically efficient department and its practises
could be followed by other inefficient departments.
It was interesting to note that the departments of

Forensic Science and Law were efficient with score
One, but did not appear in the reference set of any
inefficient departments. The lowest efficiency score
was registered for department of Art History and
Visual Arts. It is to be noted that the departments
which focused on Applied Arts i.e Indian Theatre,
Mass Communication and Art History and Visual
Arts were comparatively at the lower level of ladder
where their efficiency scores are concerned. These
departments were poor in performance, because
they had low student enrollment, lack of research
work, as well as these departments were not
producing any PhDs.

The average PTE and SE scores were 0.812 and
0.978 respectively, implying that there was scope for
improvement in managerial efficiency to the tune of
18 percent while that in the Scale Efficiency was to
the tune of 2.2 percent. In other words, 18.8 percent
point of 25.7 percent of average Overall Techanical
Inefficiency (OTIE) was due to inappropriate
management practices and remaining part of the
OTIE was due to non-optimal scale. Out of forty
departments, only twenty departments achieved
the PTE efficiency score equal to One, of which
eight (English, Ancient History, Indian Theatre,
Library and Information Technology, Defense
and National Security, Commerce, Zoology and
Computer Sciences) departments were found to
be ‘locally efficient’ and twelve (Hindi, Punjabi,
Sanskrit, Economics, Law, Physical Education,
Psychology, Public Administration, Physics,
Chemical Engineering and technology,Biotechnology
and Forensic Sciences) departments were ‘globally
efficient’. It is further noted that in the remaining
inefficient departments (PTE and SE both less than
one), OTIE stemmed from both PITE and SIE. It
was observed from the Table 2, that twelve (i.e
29 percent) efficient departments were operating

Table 2: Descriptive Statiatics for the department of Panjab University for the year 2014

Variables Mean Median Standard Deviation Maximum Minimum
Enrollment 102.711 82.9335 92.20212 504.21 20.984
Input variables Research Index 30.555 19.2 39.37175 192 3.2
Phd awarded 4.225023 3.5 4.20917 14 0.0001
Teaching Staff 7.77614 5.657333 6.795411 31.62 0.991666
Output variables Non -Teaching Staff 16.2 12 12.19542 55 2
Operating Cost 90881.25 67814.09 68677.05 287989.8 22144.11
Source: Author’s Calculations.
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Table 3: Efficiency Scores Based on Overall Performance Model of Panjab University Chandigarh in 2014

CCR Model BCC Model

Dept- hept. Name TE (CRS PTE (VRS Peer  Scale
Code Score) Peer Dept. Peer Count Score) Peer Dept. Count Efficiency
1 English 0.949 21,22,2 0 1 1 0 0.949 Drs
2 Hindi 1 2 6 1 2 3 1 Crs
3 Punjabi 1 4 17 1 4 1 1 Crs
4 Sanskrit 1 5 2 1 5 1 1 Irs
5 Ancient History ~ 0.796 20,28 0 1 6 1 0.796 Drs
6 Anthropology 04 20,22,4 0 0.518 37,27,14,4 0 0.772 Crs
7 Economics 1 8 7 1 8 7 1 Drs
8 Education 0.92 4,33,5,8,22 0 0.922 22,4,33,8,5 0 0.998 Irs
9 Gandhian Studies 0.717 20,33,23 0 0.775 33,23,20,25,15 0 0.927 Drs
10 Geography 0.498 33,274 0 0.515 4,27,28,41 0 0.967 Drs
11 History 0.521 2,23 0 0.546 23,2,8 0 0.954 Irs
12 Indian Theatre 0.426 20,28,3 0 1 13 0 0.426 Crs
13 Law 1 14 0 1 14 3 1 Irs
14 Library and 0 1 15 1 0.892 Irs

Information 0.892 4,33,27

Technology
15 I(\:/[j;smumcaﬁon 0398 42 0 0.478 39,4 0 0.833 Irs
16 éfstuljlli(;g & 0.274 20,284 0 0.297 4,6,28 0 0.923 Drs
17 Music 0.314 22,48 0 0.333 14,4,22 0 0.944 Irs
18 Philosophy 0424 23,27,33 0 0.46 39,27,23,33 0 0.922 Crs
19 Physical Education 1 20 9 1 20 5 1 Irs
20 Political Science 0.87 8,27,2 0 0.89 27,8,2,33 0 0.978 Crs
21 Psychology 1 22 5 1 22 5 1 Crs
22 Public 1 3 5 1 23 3 1 Drs

Administration
23 Sociology 0.603 33,8,4,22 0 0.619 8,22,27,3328 0 0.974 Irs
24 Defense And 0 1 25 1 0.737 Drs

National 0.737 5,272

Security
25 Commerce 0.647 23,2,22 0 1 26 0 0.647 Crs
26 Physics 1 27 9 1 27 14 1 Crs
27 Chemical 4 1 28 8 1 Drs

Engineeringand 1 28

Technology
28 Chemistry 0.796 33 0 0.904 33,27 0 0.881 Drs
29 Bio-Chemistry 0.611 33,3,20 0 0.703 28,27,4,20 0 0.87 Drs
30 Bio-Physics 0.783 20,33 0 0.855 20,28,27 0 0.917 Drs
31 Botany 0.403 4,20,33 0 0.458 8,33,28,2722 0 0.881 Crs
32 Biotechnology 1 33 14 1 33 11 1 Irs
33 Geology 0.536 4,278 0 0.538 8,27,33,2 0 0.996 Drs
34 Mathematics 0.529 4,278 0 0.558 27,41,8,14,284 0 0.948 Drs
35 Microbiology 0.672 33 0 0.747 22,33,27 0 0.9 Drs

Print ISSN : 0424-2513 775 Online ISSN : 0976-4666



¢  Sharma and Mehra

AESRA

36 Zoology 0.747 33,41 0 1 37 0.747 Drs

37 Pharmaceutlcal 0.788 20,428 0.839 20,4,27,33,28 0 0.94 Crs
Sciences

38 Forensic Sciences & 0 1 39 2 1 Drs

.. 1 39

Criminology

39 Statistics 0.506 4,27,33 0.514 20,33,27,4 0.985 Drs

40 C(?mputer 0978 4278 1 41 2 1 Crs
Sciences

Mean 0.743 0.812 0.978

Source: Authors Calculation.

at most productive scale CRS, while ten (i.e 24
percent) were below their optimal size and thus,
experiencing Increasing Return to Scale (IRS) and
remaining eighteen (i.e 44 percent) departments
(like English, Ancient History, Economics, Gadhian
Studies, Geography, History, Arts History, Public
Administration, Defence and National Security
studies, Chemical Engineering, Chemistry, Bio-
chemistry, Bio-physics, Geology, Mathematics,
Microbiology, Zoology, Statistics and Foreinsic
Sciences) have been observed to be operating
at Decreasing Return to Scale (DRS). The policy
implication of this finding is that the majority of
inefficient departments were operating at DRS
and these departments can enhance OTE by
optimising their scale of operation. The department
of Biotechnology was appeared as a peer for
maximum number of inefficient department’s (11)
and the lowest efficiency score (0.297) was calculated
for department of Art History, which could enhance
its efficiency by improving its enrollment output
by 237.14 percent and research output by 253.41
percent.

SECTION IV: SENSITIVITY ANALYSIS

In order to check, which variable influenced most,
the efficiency of the departments the senestivity
analysis was applied. The objective of sensitivity
analysis is to check the changes in the results when
we eliminate a variable. “it is done to identify
the strength of departments with regard to the
missing performance dimensions. If a department
is not considered efficient in only one model, for
example, this implies that the DMUs bases its
efficiency primarily on the variable which is omitted
by the present model. On the other hand, when a
department attains an efficiency score in the five
evaluations, this suggests that this department is
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operating satisfactorily in terms of all activities”
(Martine, 2003).

As we observed for the Table 4, model II, model
III, model IV, model V and model VI are based on
omitting or addition of output variables.

MODEL-II

For this model three inputs and two outputs
have been considered, the output variable ‘Phd
awarded’ has been omitted. In year 2014, total fifteen
departments were found to be efficient, and out
of these fourteen departments belonged to peers
group. The results indicated that the departments
of English (25.2 percent reduction), Psychology
(10.3 percent reduction) and Public Administration
(20.1 percent reduction) have lost their efficiency
and became less efficient, due to dropped out the
Ph.D variable. Efficiency of some departments
remained unchanged, which means that they are
efficient in utilizing their resources to produce all
the defined outputs as compared to their peers.
As observed from the Table, the department of
Physics became the most efficient department with
maximum number of peer count ie 17.There is large
difference in the efficiency scores between efficient
and inefficient departments.

MODEL-III

In Model-III, Output variable ‘Research Index” was
dropped out. By doing this the aim of the study is
to see the effect of this change on efficiencies and
assess the ability of the department in the field
concerning doctoral programs and enrollment. The
analysis of the Table showed that the mean efficiency
score has decreased significantly by 5.5 percentage
points, indicating an increase in inefficiency of
the departments. Thus it can be inferred that the
research undertaken by the departments has a
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Table 4: Comparing Alternative Specification of the DEA Model
Model V Model VI
Inputs ModelI  Model I Model III Model IV i . .
Teaching Efficiency Research Efficiency
Teaching staff l V V V Teaching staff l Teaching staff Xl
Non teching l V J V Non Teaching l Non Teaching Xl
Operating Cost 3 3 3 Operating Cost 3 Operating Cost
Outputs
Enrollment l V J V Graduate l Publication Xl
Research Index V V V Post Graduate l Project Xl
Phd Awarded l V J V Phd Student l Paper Presented
Table 5: Comparison of VRS Efficiency Scores of Performance Models in Year 2014
Model V Model VI
SL. No. Departments Name Model I Model III Model IV ] .. ..
Teaching Efficiency Research Efficiency

1 English 0.748 1(5)° 1(0)= 0.893 0.08
2 Hindi 1(0)® 1(4)° 0.366 1(0)° 0.270
3 Punjabi 1(12)° 1(11)= 1(2)= 1(10)° 1(1)°
4 Sanskrit 1(1)» 1(1)° 1(0)= 0.624 0.691
5 Ancient History 1(1)° 1(1)° 1(1)° 1(2)° 1(1)°
6 Anthropology 0.518 0.309 0.428 0.366 1(0)°
7 Economics 1(9)° 1(4)° 0.612 1(9)° 1(8)°
8 Education 0.898 0.913 0.592 1(19)° 0.646
9 Gandhian Studies 0.608 0.76 0.775 0.294 1(7)°
10 Geography 0.515 0.297 0.389 0.397 0.438
11 History 0.544 0.546 0.167 0.58 0.058
12 Indian Theatre 1(0)® 1(0)° 1(0)= 0.346 0.370
13 Laws 1(4)° 1(13)= 0.429 1(13)° 0.435
14 Library & Information 1) 100)* 12)°

Technology 0.94 1(5)°
15 Arts History & Visual Arts  0.297 0.297 0.183 0.304 0.136
16 Mass Communication 0.478 0.478 0.437 1(1)= 0.215
17 Music 0.285 0.333 0.243 0.304 0.085
18 Philosophy 0.401 0.296 0.459 0.216 0.372
19 Physical Education 1(6)° 1(1)° 1(3)° 0.753 0.923
20 Political Science 0.89 0.628 0.611 0.682 1(6)°
21 Psychology 0.897 1(10)= 1(6)° 0.823 0.943
22 Public Administration 0.799 1(5)° 1(5)° 0.872 0.246
23 Sociology 0.58 0.57 0.563 0.486 0.577
24 Commerce 0.681 1(3)® 1(0)° 1(6)* 1(5)*
25 Defence & National

Security Studies 10 1 e 103)° 103)®
26 Physics 1(17)° 1(12)* 1(19)° 1(9)° 1(12)®
27 Chemical Engineering and

Technology 1(7)® 1(5)° 0.122 101 0.001
28 Chemistry 0.904 0.643 0.904 0.533 1(0)°
29 Bio-Chemistry 0.703 0.391 0.586 0.483 0.889
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30 Bio-Physics 0.855 0.418 0.798 0.494 1(3)°
31 Botany 0.452 0.38 0.422 0.417 0.761
32 Biotechonology 1(10)= 1(0)= 1(21)= 0.478 1(7)°
33 Geology 0.538 0.287 0.473 0.334 0.498
34 Mathematics 0.555 0.429 0.365 0.507 1(3)°
35 Microbiology 0.732 0.587 0.747 0.255 1(5)°
36 Zoology 1(1)° 0.682 1(1)° 1(3)® 1(1)°
37 Pharmaceutical Sciences 0.838 0.652 0.527 0.794 1(2)°
38 Forensic Sciences 1(1)= 1(1)° 1(6)° 1(0)= 1(3)°
39 Statistics 0.514 0.27 0.500 0.223 1(2)°
40 Computer Sciences 1(2) 0.886 0.452 1(9)° 0.537
Mean 0.781 0.726 0.679 0.699 0.704

Source: Author’s Calculations.

positive influence on the efficiency of the respective
departments. The department of Zoology and
computer Science became inefficient, when the
Research output was dropped out, implying that
these departments were sensitive to the dropout
variable and they were not relatively efficient for
doctoral programms. Other departments remained
efficient, implying that these departments were not
sensitive to the output variable Research index. The
department of Laws appeared as the most efficient
department with thirteen peer counts followed by
department of Punjabi with eleven peer counts.

MODEL IV

In Model 1V, ‘enrollment’ variable was ommitted.
Out of forty departments, only fifteen departments
were performanced efficiently. All remaining
departments were found to be inefficient. The
consistant efficient departments are Physics, Punjabi
and University Business School; they score one.
The department of Biotechnology performed best
and become peer (21) for maximum number of
departments. While department of Laws, Hindi,
Chemical Engineering and Computer Sciences,
which were efficient in Model I became inefficient
in model-1V, implying that these departments were
efficient due to its enrollment output only. This
result specifies that these departments should pay
attention to make enhancement in ‘Research index’
and ‘number of students awarded Ph.D degree’
to become efficient. Many departments suffered a
substantial drop as compare to model 1. The average
PTE score was found to be 0.679. It is observed
that all departments have scored lower than the
efficiency score for model-I.
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The results revealed that the department of Physics
remains efficient throughout the study period, it
indicates that the efficiency of Physics department
did not affected by dropping of enrollment output,
rather it was due to the efficient research work of
department and Ph.D awarded. It is interesting to
note that the efficiency score of the department of
Indian Theatre, Mass Communication and Physical
Education falls to Zero in the year 1990 , 1995 and
2000, indicating that the academic staff in these
departments were not working as efficiently in the
research work as their counterparts in the other
departments.

Teaching Efficiency

For Model V, the average mean teaching efficiency
score was 0.699, implying potential chances
for improvement of 30.1 percent. Out of forty
departments, only fourteen were found to be
Teaching efficient, of which two departments
(Hindi and Punjabi) were from Languages group,
seven departments (Ancient History, Economics,
Education, Law, Mass Communication, Commerce
and Defense and National Security) belonged to
Social Sciences group, five (Physics, Chemical
Engineering, Zoology, Forensic Sciences and
Computer Sciences) were from Sciences group.
The least teaching efficiency score (0.216) was
calculated for department of Philosophy, indicating
that it could improve its efficiency by enhancing the
enrollment in the Department.

It is clear from the above discussion, that the majority
of Teaching efficient departments were from the
Social Sciences group. Over the years, the teaching
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efficiency of Sciences departments has improved
and that of the Languages departments decreased.
All remaining departments are not performing well
in term of teaching efficiency, due to shortage of
academic and non-academic staff. Another reason
for inefficiency is the departments are over burdened
with students. The departments of sciences conduct
remarkable research but lack in teaching efficiency.
While the department of Anthropology, Gandhian
Studies, History, Philosophy, Physical Education,
Psychology, Chemistry, Biochemistry, Biophysics,
Geology, Mathematics, Microbiology, Zoology and
Statistics found to be teaching inefficient throughout
the study period.

Research Efficiency

For model-VI we introduce research outputs
as number of publications by faculty of each
department, number of projects by each departments
and number of paper presented by each departments
and inputs remains the same. A look at the list of
Research efficient department showed that one
department (Punjabi) from Languages group, eight
departments (Ancient History, Gandhian Studies,
Anthropology, Economics, Political Science, Library
and Information Technology , Commerce and
Defense and National Security Studies) belonged to
Social Sciences group and ten departments (Physics,
Chemistry, Biophysics, Biotechnology, Mathematics,
Microbiology, Zoology, Pharmaceutical Sciences and
Forensic Sciences, Statistics) were from Sciences
group. The results indicate that though the majority
of research efficient departments were from
Sciences group, the least efficiency score (0.001)
was also calculated for the department of Chemical
Engineering, followed by the department of
English with 0.08 score, indicating that these
departments could enhance their research efficiency
by increasing number of publication and projects
in the departments. The department of Physics
appeared as the best performer in research activity
with maximum number of peer count (12).

There are six departments that did not obtained
efficiency score of One in any of the models.
Three are from Arts and three from sciences. The
department of Punjabi, Ancient History, Economics,
Commerce, Defense and National Security, Physics,
Zoology and Forensic Sciences were found to be
both teaching and research efficient.
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SECTION V: TOBIT REGRESSION
ANALYSIS

To investigate the effect of concerned variables on
technical efficiency of University’s departments, we
employed Tobit regression model. Following factors
based on various studies [(Kounetas et al. 2011), (Al-
Bagoury, 2013), (Bangi, 2014), (Ismail, 2015), (Selim
et al. 2015), (Goksen, 2015) & (Sonmez, 2015)] have
been taken.

¢ Tuition Fee — is the fee charged for instruction,
as at a college or in the university. It is inclusive
and covers all the charges made by the university
for registration, tuition and examination. In
our study, Tuition fee refers to the fee for the
courses run by a particular department, which
can graduate courses, post-graduate courses or
doctoral programmes.

¢ Ratio of Professors to total teaching staff-
There are three types of the academic staff in
university departments- Professors, Associate
Professors (Reader) and Assistant Professor,
with Professors being at top of the academic
ladder and Assistant Professors at the bottom.

¢ Proportion of female students to total students
enrolled- it shows the number of female
students against total students enrolled in the
academic department of the university.

+ Student-teacher ratio- this variable shows the
number of student load per academic staff.

As the efficiencies of departments derived from
DEA procedure takes value between 0 and 1, so
we opted, the Tobit regression for examining the
determinants of efficiency. The efficiency scores
were taken as dependent variable. Therefore, the
variable with (+) sign indicated positive relation
and vice versa. The Tobit regression model for the
efficiency terms is narrated as;

(w) =2+ ZTF +Z PropF + Z.Per Prof +
Z,Load +ZAGE

Table 6 shows that the Student-teacher ratio was
found to be positively significant and has positive
effect on efficiency of departments, indicating that
if student-teacher ratio increased by one unit then
the efficiency of department would be improved by
.0349 units. The marginal effect of Ratio of professors
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Table 6: Tobit Regression

Independent Variables Marginal effect Std. Error p-value
Const 0.847638 0.130895 <0.0001***
Tuition Fee 2.92261e-06 2.13527e-06 0.1711
Prop Girls -0.0755536 0.166825 0.6506
Ratio Prof. -0.0964986 0.174007 0.5792***
Student-Teacher Ratio 0.00349591 0.00152536 0.0219**
Age -0.000867894 0.00197704 0.6607***
Chi-Square(5) 9.441411 p-value 0.092701
Log-Likelihood 6.229281 Akaike criterion 1.541437
Schwarz Criterion 13.36359 Hannan-Quinn 5.815956

Notes: ***, ** and * indicates 1%, 5% and 10% significance levels respectively.

to academic staff was found to be negatively
significant. It state that if Ratio of professor to
academic staff increased by one unit than the
efficiency of departments would be decreases by
0.096 units, Because professor concentrate more on
research activities and performs academic duties
also and pay less time to teaching activities. The
marginal effect of age of department was also
found to be negative, indicating that the inefficiency
increases as age of department increases; result in
non-significant learning by doing effects.

CONCLUSION

This paper has evaluated the performance of
teaching departments of Panjab University,
Chandigarh through DEA models using different
combinations of input and output variables. The
principle objective of the study is to analyze the
activity-wise performance of the departments. This
means that we want to evaluate which department
is good for which specific activity like teaching or
research. For this purpose, different assessments
like overall performance, teaching performance and
research performance were made by using 6 models.

Among all models, the highest mean (0.743)
in technical efficiency are reported in Model-I.
Therefore, overall performance is satisfactory for all
departments. The lowest mean (0.679) are calculated
for Model-III, in which “enrollment’ output dropped,
this confirms that improvement is needed in the
field of research.

For overall performance assessment, twelve
departments, namely Hindi, Punjabi, Sanskrit,
Economics, Law, Physical Education, Psychology,
Public Administration, Physics, Chemical
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Engineering and Technology, Biotechnology and
Forensic Sciences are good example to follow by
inefficient departments to monitor and improve
their performance.

The results of senstivity analysis in model II, III
and IV, highlight the fact that the efficiency scores
of departments decreased when one of the output
dropped out.

Among teaching performance, the majority of
teaching efficient departments were from the Social
Sciences group and over the years, the teaching
efficiency of Sciences departments improved and
that of the Languages departments decreased. It
is further observed that the majority of research
efficient departments were from Sciences group,
indicating that these departments are good
performers for research activities like publications,
research projects and paper presented.

The major factors influencing OTE, was Student-
teacher ratio and Ratio of professors to total
teaching staff. The variable student-teacher ratio
enhanced the efficiency of academic departments,
while factor RP negatively influence the efficiency
of departments.

Thus our study provides information about
every activity of departments and policy makers
can use suggested improvements in different
areas. There are some concluding remarks for the
departments. Overall performance is good for
all science departments. Other departments need
improvements in their activity. Only department
of Punjabi, Ancient History, Economics, Commerce,
Defence and National Security Studies, Physics,
Zoology and Forensic Sciences were found to
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be both teaching and research efficient. It was
observed that every department should focus more
on number of Ph.D. dgrees awarded and research
performance to improve their performance.
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