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Abstract

Public higher education institutions in Colombia have limited resources (and often insufficient), so it is crucial to use them
adequately to fully achieve their mission objectives. This paper presents a measurement and analysis of the technical
efficiency of teaching, a core mission of the undergraduate attendance programs at Universidad Nueva Granada. The method
used is data envelopment analysis, as it provides relative efficiency scores of the units under study and it also gives additional
information of the reference peers. This allows formulating improvement plans for the university management. Two study
scenarios were defined: the first includes inputs and desirable outputs and the second takes into account undesirable outputs.
Performance was analyzed for six consecutive semesters from the year 2011 and the corresponding Malmquist indices were
calculated. The results are encouraging since they indicate that 30.76% of the programs are 100% efficient in all periods
regardless of the scenario in which they were measured.

Keywords: Data envelopment analysis, Higher Education, Relative efficiency, Malmquist index, Undesirable outputs.

Resumen

Las instituciones de educacidn superior de caracter estatal en Colombia cuentan con recursos limitados (y muchas veces
insuficientes), por lo tanto es perentoria hacer una adecuada utilizacién de ellos para lograr el cumplimiento de sus objetivos
misionales. En este articulo se presenta una medicion y anélisis de la eficiencia técnica de la ensefianza, una mision funcional
de los programas de pregrado presencial de la Universidad Militar Nueva Granada. EI método utilizado se basa en el Anélisis
Envolvente de Datos, puesto que permite calcular indices de eficiencia relativa de las unidades objeto de estudio y ademas
suministra informacion adicional para la obtencién de pares de referencia. Esto permite formular planes de mejoramiento en
la gestion universitaria. Se definieron dos escenarios de estudio, uno considerando entradas y salidas deseadas y otro
involucrando adicionalmente una salida indeseada. Se analizd el desempefio durante seis semestres consecutivos a partir del
afio 2011 y se calcularon los correspondientes indices de Malmquist. Los resultados obtenidos son alentadores puesto que
indican que el 30.76% de los programas resultaron 100% eficientes durante todos los periodos analizados independientemente
del escenario en que fueron medidos.

Palabras clave: Analisis Envolvente de Datos, Educacion Superior, Eficiencia relativa, indice de Malmquist, Salidas
indeseadas
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1. Introduction

Improvement of processes and the rational use of resources
is currently a hot topic in organizations. Within this context,
productivity is defined as an indicator that reflects how
efficient an organization is in the use of its inputs to produce
goods and services. For this reason, entities are aware that it
is a key element in contributing to increased
competitiveness. Institutions of higher education (IHES) are
not outside this panorama and due to this adequate
management seeks to follow up and provide support to
human talent and permanently improve the use of the
physical and financial resources they have to guarantee their
offer of the educational service under conditions of quality,
opportunity, and efficiency according to the orientations by
the Colombian National Ministry of Education and society
in general.

In these types of institutions, it is of interest to measure the
efficiency with which tangible inputs are used in compliance
of the teaching function and by being immersed within a
complex phenomenon involving human peculiarities, the
search continues for methods that permit approaching said
measurement. On the other hand, economic conditions have
led educational administrations, in general, to take into
account the evaluation and control of funding, especially of
public institutions, and in particular, of universities to have
an optimal and rational management of their tangible
resources.

Also, data envelopment analysis (DEA) is a nonparametric
technique based on linear programming and permits
measuring the relative technical efficiency of units
evaluated, identifying those 100% efficient that together
form what is known as Pareto efficient frontier. Inefficient
units are compared to points located in the frontier to find
where they should be placed; said position may be expressed
as a convex linear combination of the efficient units.

In Colombia, in the last decade, the use of DEA has
increased to measure relative technical efficiency in
educational institutions. According to Cervera, Oviedo, and
Pineda [1], 12 documents exist (among articles, textbooks,
and graduate and undergraduate degree works) from six
universities that have applied DEA in IHE. In the specific
case of Universidad Militar Nueva Granada (UMNG) the
method has not been used; hence, the aim of this work was
to use DEA to measure the relative technical efficiency of
its professional undergraduate attendance programs in
compliance of the teaching mission function. Given that the
operation of a university is dynamic, in addition to the
calculation of the efficiency index for six consecutive
semesters, change in productivity is determined through the
Malmquist index and how it is decomposed into changes in
efficiency and technological changes.
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1.1. Data Envelopment Analysis (DEA)

Data envelopment analysis (DEA) is a method based on
linear programming and permits calculating an index of
relative technical efficiency, initially introduced by Charnes,
Cooper, and Rhodes [2] (model denominated CCR used
assuming constant returns to scale), who concentrated on the
outputs and analyzed — at that time — the efficiency in
various public education centers of the United States. Later,
Banker, Charnes, and Cooper [3] developed the BCC model
that incorporates onto the CCR model slack variables and
excess inputs and outputs and a convexity restriction for the
case of variable scale returns.

According to Maza, Navarro, and Puello [4], the following

are among the main advantages of DEA:

e  The results are circumscribed only to the data analyzed
and inferences cannot be made with respect to the
universe of data.

e  The data determine what is the function and does not try
to estimate a function. In this sense, it is not necessary
to establish an initial functional form.

e  Permits diverse generalizations.

e Is much more flexible than econometric methods.

o Relaxes the convexity assumption of the sets of
production possibilities.

e Due to their general nature and flexibility, it may
incorporate errors of measurement and of uncontrolled
variables.

The CCR model is formalized assuming the existence of n
decision making units (DMU) to be evaluated, each of which
produces s outputs y, from m inputs xi. To measure the
efficiency of the DMU,, the model must be solved (1):

Maximize: y;
According to: )

xu+0v=1
—x"U+y"v<0

—

AR

\Am\Y)
ol o

For the n DMU x is the input matrix and y is the output
matrix, while the components of vector v and of vector u are
the weight associated to each of the inputs and outputs,
respectively. The dual formulation of the model (1) is also
used to measure efficiency, given that it permits defining
comparison pairs for the inefficient DMUSs.

1.2. Malmquist productivity index
It is commonly used to measure productivity change; it was

introduced by Malmquist [5] and within the DEA context by
Caves, Christensen, and Diewert [6]. Givenasett=1,..., T
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of time periods, a set of n DMU that transform m inputs
¥, (i=1..,m) into s outputs y,(r=1..,5), two

technologies may be defined (Pastor, [7]):

e  Current reference

o T!={x'y'|x* mayproduce y'}ATE = T, t=1,....,T,A>0

e  Global reference technology

o Tf=conv{T}U..UT}

Sub-index c indicates that both technologies have constant
returns to scale.

The Malmquist index is defined on the technologyTS , as

expressed in (2):
Dg(xt+1,yt+1) (2)

1 1) —
Mg(xt!yt'xﬁ— !yH— )_ Dg(xt,yt)

Where D: (X, y)=min {q0 >0/(x,y/q,) eTCS},S =t,t+1.

If no restrictions exist in both technologies and it is fulfilled
that Mé(xt ' yt, Xt+1, yt+l) # Mé+1(xt, yt ’ Xt+l, yt+1) ’ then the
Malmquist index can be presented as (3):

ME(xt, yt, xt+1, yt+h)
_ ( D¢ (xt,y")

Efopt Nt B2
Dc(x*,y") > ®)

Dg+1(xt+1'yt+1) Dct(xt+1,yt+l)

Where D} (x',y")is the technical efficiency for the DMU
evaluated, calculated with the data from the t period for all
DMUs, even that evaluated. D!™(x"**,y"*")is the technical
efficiency for the DMU evaluated, calculated with the data
from the t period+1 for all DMUs (including that evaluated),
DI (x',y")is the technical efficiency for the DMU
evaluated, calculated with the data from the t period+1 for
all DMUs minus that evaluated for which data from the t
period are used and D} (x'™, y""") is the technical efficiency
for the DMU evaluated, calculated with the data from the t

period for all DMUs minus that evaluated for which data
from the t period+1 are used.

Upon increased productivity, the value of the index is higher
than one; if it diminishes, it is lower than one; and if la
productivity is maintained, it is equal to one. The break
down presented by Fére et al [8]. permits determining the
effects of changes in technology and of the variation of the
value of the technical efficiency, as shown in equation (4).

Mg(xt'yt'xt+1'yt+1) .
_< D (x',y") ) < DELtyY)  DiYY) >/2 @

DCH'l(XH'l, yt+1) D£+1(xt+1, yt+1) X ch (XH'I, yt+1)

D (x',y")
DIy
efficiency of the DMU analyzed during two consecutive
periods (greater than 1 indicates increased productivity and
lees than 1 decreased). The term [ D."(x,y) Di*(x™y™ N

Di(x',y")  Di(x"!y™)
specifies how technology changed during both periods
considered (values higher than 1 show technological
progress and values below 1 manifest technological
stagnation or retrogression).

Factor measures the change of technical

1.3. Application of DEA in public universities

Abbott and Doucouliagosa [9], who analyzed Australian
state universities at the teaching level by using the BCC
model aimed at inputs, along with cluster analysis,
concluded that the technical efficiency level of the
universities considered is high. For their part, Kaoa and
Hungb [10] evaluated the three educational fronts (teaching,
research, and outreach) of the faculties at the Cheng Kung
National University with the CCR and BCC models with
their prior classification through break down of efficiency
and cluster analysis. Erasmus and Msigwa [11] analyzed the
teaching function of several Chinese state-run universities
by using the BCC model aimed at inputs in three scenarios.

Agasisti and Perez [12] studied productivity in Italian and
Spanish public university institutions evaluating teaching
and research, comparing the CCR and BCC models aimed at
outputs and concluding that the Italian universities are more
efficient than the Spanish universities.

The efficiency of the state-run universities in Spain, using
DEA, is evaluated by Murias et al. [13], Garcia and
Palomares [14], Gomez [15], and Fernandez et al. [16]; the
first apply the CCR model aimed at outputs and determine
the results are better for the universities located in wealthier
areas; the second evaluate teaching and research results
through CCR and BCC models aimed at outputs and
calculate the Malmquist productivity indices; the third
highlights the potentiality of DEA for these types of
measurements in the public sector, uses the method with
CCR constant scale yields along with BCC variable yields
and concludes that the number of efficient universities is
higher in the models with variable yield than in those of
constant yield; the last, through BCC and CCR models
aimed at outputs study the mission teaching and research
functions after implanting the LOU. Cunha and Rocha [17]
do the same in Portugal by contrasting the results of the
public universities by evaluating teaching through CCR and
BCC models aimed at inputs and conclude that few are
efficient.

=
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In Colombia, Rodriguez [18] evaluates outreach activities in
the units at Universidad Nacional by applying the CCR
model aimed at outputs, concluding that the comparison
among departments is not valid given the diversity of
disciplines with significant differences related to the needs
for investment. Also, Garcia and Gonzalez [19] measure the
efficiency of Colombian public universities by using DEA,
applying the CCR model aimed at outputs, and a
complementary cluster analysis to analyze performance at
the research and teaching levels during the period from 2003
to 20009.

Soto, Arenas, and Trejos [20] compare the results obtained
by the model of the State-run University System (SUE, for
the term in Spanish) based on the technique of multivariate
analysis of principal components combined with linear
regression (Farrell, [21]) and DEA, models used to measure
performance in research and formation in Colombian public
universities; given the inconsistencies found with the
application of the SUE model, they conclude that DEA is
more suited to evaluate the efficiency of universities with
respect to the production factor, given that the SUE model
(Roll, Cook, and Golany [22]) does not specifically measure
efficiency, but rather calculates a regression line where the
degree of excellence or inferiority of the universities is
measured by the magnitude of the deviation with respect to
the central trend line, while DEA measures the best
performance, evaluates the performance of each university,
and permits designing improvement strategies to become
efficient. Likewise, Visbal and Palacios [23] evaluate IHEs
that are part of the SUE through BCC and CCR models
aimed at inputs, complemented with Logistic Regression
Analysis; upon determining the scale efficiency they find
that 80% of the 20 universities are inefficient globally. Soto
et al. [24] use CCR and BCC models aimed at outputs to
evaluate undergraduate programs at  Universidad
Tecnoldgica de Pereira, considering the mission teaching
and research functions e investigation, as well as the SUE
that does not include outreach activities.

For UMNG, no reports were found on the application of
DEA to measure the relative technical efficiency of the
undergraduate attendance programs in compliance of the
mission teaching function. Given that the operation of a
university is dynamic, in addition to calculating efficiency
during six consecutive semesters, this work seeks to
determine the change in productivity through the Malmquist
index and its corresponding break down in changes of
efficiency.

2. Methodology
2.1. Definition of DMUs

In defining the DMUs, you must start from the fact that
Universidad Militar Nueva Granada has seven faculties that
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offer 73 graduate programs and 16 undergraduate programs.
The undergraduate programs offered are 13 at the university
professional  level  (Applied Biology, Business
Administration, Public Accounting, Economy, Law, Civil
Engineering,  Industrial ~ Engineering, = Mechatronics
Engineering, Multimedia Engineering, Telecommunications
Engineering, Medicine, International Relations and Political
Studies, Administration of Safety and Occupational Health),
and three at the technological level.

To evaluate the efficiency of the mission teaching function
at UMNG, the study considered the 13 university
professional attendance programs at the University, defining
each of them as a DMU. Data were collected discriminated
by semester for the periods comprised between 2011-1 and
201311 in each of the directions of the program and the
academic vice rectory.

2.2. Inputs and outputs considered

To identify and measure the inputs, this study examined
those resources used by each functional unit to carry out
teaching activity. This considered the budget for student
assigned by each program, the number of hours each
professor of the program has signed to teaching activities, y
el and the average rank of the professors of the program.
Regarding this last input, the study kept in mind the number
of full-time professors the program has available from each
of the categories within the professor ranks (aide, assistant,
associate, full) and the points were weighed based on Article
8 of Decree 1279 of June 19, 2002 [25], which establishes
the wage and benefits routine for State-run university
professors.

Regarding the outputs, these were defined as the average
score of each program in the State exam administered by
ICFES to students in their last semesters (SABER-PRO), the
accumulated general average of the students during their
undergraduate, and as undesired output the dropout
percentage was computed.

Table 1 shows the descriptive statistics for the inputs and
outputs considered, calculated with all the DMUs and
periods studied.

Table 1 Descriptive statistics of the inputs and outputs

defined
Variable Mean Deviation
Budget/Student ($/student) 8,397,382 | 5,237,631
Weight points of professor ranks 57.54 3.63
Hours of dedication/Student 0.989 0.518
SABER PRO Score 10.59 0.29
Accumulated general average 4.34 0.245
Dropout percentage (%) 55 3.25
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2.3. DEA scenarios and models implemented

To measure the efficiency of the undergraduate attendance

programs at UMNG two scenarios were considered:

e  One that considered that with the inputs defined we may
obtain as outputs the scores measured internally
(accumulated general average) and that measured by an
external entity (SABER-PRO).

e Another one that keeps in mind the presence of
undesirable outputs in compliance with the teaching
function. This scenario considered as undesired output
the dropout index of each of the programs.

The models implemented parking that outputs, given that
what is sought is to indicate to each program how to improve
their outputs with the level of inputs they currently have.

For scenario 1, the corresponding model is the CCR
(Equation 5) (with constant returns to scale given that the
programs not compete for budget). This model was solved
for 2011, 2012, and 2013, bearing in mind the two semesters
per year.

Maximize: ¢, + €

m m
Y+ s;]
i=1 i=1

According to:

N
Axii+ ST = x;; i=123,.m
; %) T 91 ‘o ©)
N
Z/ljyrj + S = @oYrj, r=123,..m
=1

X,87,5F Vj, Vi, Vr.

For the DMU jo, which with m inputs X; (i=1,..m)

produces s outputs Y, (r=1...,s), s7, s; are the slack
variables (or excess) of the inputs and outputs and ¢ is a non-
Archimedean infinitesimal number. ¢; is the optimal value

of efficiency, and A, represents the factor in which the
DMU is reference peer for the DMU, evaluated.

The model given by equation (5) must be solved once for
every DMU in each of the time periods on the planning
horizon. In the case studied, scenario 1 has three restrictions

N
of the type: Z/ljxij +Sj” =Xj, (one for each input) and two
j=1

of the type: ZN: Ay - (one for each desired output).
j=1

= PoVYrj,

Scenario 2 considers the presence of the dropout rate as an
output (undesired); because of this it is necessary to recur to
the concept of distance directional function (DDF)

D, (X, Y,0;9) =sup{&, :(y,b)+& ge P(x)},

Proposed by Chung, Fére, and Grosskopf [26] and which
permits incorporating inputs and undesirable outputs. With
this approach, efficiency is measured in the direction

indicated by a directional vectorg=[g,-g, |that is

defined in flexible manner. This factor seeks the maximum
expansion of the desired outputs in the g, direction and the

maximum contraction of the undesirable outputs in g, . The
DDF model to measure the relative efficiency of a DMU; is:

Max &,
Subject to:

n
lex” < Xio i= 1,2,3, .m
j=1

M=

AYrj Z Yro + 609y r=123,..s
=1 (6)
n
Z Aibej = beo — £09 r=123, ..,k
j=1
4=0 vj

In the model (6) the terms by correspond to the undesirable
outputs.

In this situation, we have three restrictions of class

n
Zﬂ,j X; < X, (one for each desired input), two of the type
j=1

n
Z/Ij Yii 2 Yro + &9, (one for each desired output), and
j=1

n
one of the type Z/?,j by =b, — &9, for the dropout
=1
percentage undesired output. For each time period analyzed
the corresponding model (Equation 6) is run for each DMU.

3. Results and discussion

Herein, we present the results obtained upon applying data
envelopment analysis to the totality of the university
professional undergraduate attendance programs of the
seven faculties at Universidad Militar Nueva Granada,
evaluated during the period 2011-1 to 2013-Il. The models

t
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implemented were run on MaxDea software to obtain
efficiency indices, the Malmquist index and its break down.

3.1. Efficiency indices

Table 2 to

Table 4 show the results obtained (in parentheses those of
scenario 2) upon solving DEA models (5) and (6) with the
inputs and outputs presented in

Table 1. Regarding the relative technical efficiency of the
undergraduate attendance programs at UMNG, it is notable
that Public Accounting, Law, and Industrial Engineering
results deficient in all the periods independent of the
scenario analyzed, as noted in Table 2 . The programs of
Business Administration, Economy, and Multimedia
Engineering also have outstanding efficiency.

Considering scenario 1, the mean efficiency of all the
programs during the six semesters analyzed is 95.9% with
Applied Biology being the lowest (87%), Figure 1, followed
by Administration of safety and occupational health
(88.7%); these two being the only ones not exceeding 90%.
Upon considering the presence of the dropout rate as
undesired output (scenario 2), from Table 2 and Figure 1 it
may be extracted that the mean efficiency of the programs
drops to 92.34%, with the programs of Public Accounting,
Law, and Industrial Engineering remaining as efficient at
100%, but now Business Administration and Economy are
added to this group. The programs most favored upon
incorporating the undesired output are International
Relations and Political Studies and Applied Biology,
probably because they treat adequately the student dropout
phenomenon.

Table 2 . Efficiency indices for both scenarios considered

Efficiency
PROGRAM
2011-1 2011-11 2012-1 2012-11 2013-1 2013-11
Business Administration 1(1) 1(1) 0.998 (1) 1(1) 1(1) 1(2)
Administration of Safety and Occupational Health 1(1) 0.87 (0.885) | 0.848 (0.663) | 0.853 (0.824) | 0.888 (0.886) 0.863 (1)
Applied Biology 0.827 (0.688) | 0.861 (1) |0.886(0.738) | 0.886 (1) 0.886 (1) 0.884 (1)
Public Accounting 1(1) 1(1) 1(1) 1(1) 1(1) 1(2)
Law 1(Q1) 1(1) 1(1) 1(1) 1(1) 1(1)
Economy 0.989 (1) 1(1) 1(1) 1(1) 1(1) 1(1)
Civil Engineering 0.957 (1) 0.972 (0.775) | 0.983 (1) |0.945 (0.827) 0.911 (1) 0.918 (0.915)
Mechatronics Engineering 0.919 (0.674) | 0.989 (0.798) | 0.907 (0.699) | 0.920 (0.802) | 0.899 (0.787) | 0.914 (0.767)
Multimedia Engineering 1(1) 1(1) 1(1) 1(1) 0.991 (1) 0.991 (0.777)
Telecommunications Engineering 0.947 (0.750) | 0.973 (0.698) | 0.991 (0.914) | 0.987 (0.886) 0.969 (1) 0.969 (0.854)
Industrial Engineering 1(1) 1(1) 1(1) 1(2) 1(1) 1(1)
Medicine 0.887 (0.679) | 0.873 (0.667) | 0.940 (0.682) | 0.940 (0.797) | 0.934 (0.923) | 0.934 (0.781)
International Relations and Political Studies 0.995 (1) 0.968 (0.931) | 0.961 (1) | 0.930 (0.965) 0.932 (1) 0.919 (1)
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Figure 1 Mean efficiency of the undergraduate programs at UMNG for 2012-11
Conversely, the mechatronics and telecommunications one a decrease, and the unit with no change, analysis of the
engineering programs dropped their efficiency notably data reported in Table 3 evidences that on average and
when measured bearing in mind the dropout rate, as during the periods analyzed there is no change in
evidenced in Table 2 and Figure 1. productivity, given that for scenario 1 the value of the index

is of 0.997 and for scenario 2 it is 1.015.
3.2. Productivity changes

Regarding the Malmquist index, considering that values
greater than one indicate increased productivity, less than
Table 3 Malmquist indices for both scenarios considered (in parenthesis scenario 2)

Malmaquist index
PROGRAM 2011-1 0 2011-11 | 2011-11 to 2012-1 | 2012-1 to 2012-11 | 2012-11 to 2013-1 | 2013-1 to 2013-11
Business Administration 1.007 (1.078) 0.958 (0.83) 1.073 (1.202) 0.847 (0.822) 1.232 (1.248)
Administration of Safety and Occupational Health 0.797 (0.875) 0.963 (0.78) 1.005 (1.143) 1.021 (0.953) 0.98 (1.298)
Applied Biology 0.953 (1.067) 1.01 (0.747) 1(1.323) 1.009 (0.716) 0.998 (1.168)
Public Accounting 1.01 (1.09) 1.005 (0.995) 1.007 (1.054) 0.949 (0.893) 1.064 (1.24)
Law 1.047 (1.309) 1.047 (0.953) 1.092 (1.295) 0.874 (0.891) 0.935 (1.046)
Economy 1.009 (1.001) 0.988 (0.877) 1.017 (1.174) 0.973 (0.887) 1.01 (1.004)
Civil Engineering 1.021 (0.565) 1.036 (1.472) 0.972 (0.669) 0.973 (1.203) 1.01 (0.916)
Mechatronics Engineering 1.056 (1.216) 0.901 (0.802) 1.009 (1.024) 0.973 (0.932) 1.015 (0.986)
Multimedia Engineering 0.981 (0.983) 1(0.987) 1.017 (1.162) 0.99 (0.975) 1(0.844)
Telecommunications Engineering 1.008 (0.904) 1.006 (0.984) 0.998 (1.144) 0.991 (1.041) 1(0.86)
Industrial Engineering 1.064 (1.245) 0.982 (0.928) 0.995 (1.004) 1.002 (0.994) 0.998 (1.014)
Medicine 0.946 (0.959) 1.069 (1.016) 1.001 (1.083) 1.004 (1.099) 1(0.878)
International Relations and Political Studies 0.98 (1.081) 1.017 (1.13) 0.963 (0.869) 1.007 (0.926) 1.007 (1.179)
ECCI
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Figure 2 Mean Malmquist indices of undergraduate programs at UMNG for 2012-11

Figure 2 seems to show that the programs of Public
Accounting, Law, Industrial Engineering, and International
Relations and Political Studies have increased productivity
under scenario 2. Nevertheless, the means over the values
from Table 3 for those programs show that the Malmquist
indices obtained are 1.04; 1.098; 1.036, and 1.037,
respectively, all close to the unit.

A specific analysis of the data from Table 3 shows that
during the periods 2011-I to 2011 and 2012-1 to 2012-11 the
Law program under scenario 2 increased its productivity, as
it also occurred with Civil Engineering 2011-11 to 2012-1 and
Industrial Engineering 2011-1 to 2011-1l. With scenario 1,
no program had a notable increase of productivity. On the
contrary, during the period 2011-1 to 2011-11 Administration
of Safety and Occupational Health, Law in 2012-11 to 2013-
I, and Business Administration in 2012-11 to 2013-1 had

Table 4 Break down of Malmquist indices for both scenarios considered (scenario 2)

Change in Efficiency Technological Change

PROGRAM 2011-1to | 2011-l1to | 2012-Ito | 2012-Ilto | 2013-Ito | 2011-Ito | 2011-llto | 2012-Ito tiozlgl-lsl- 2013-1to
2011 | 20121 | 2012-1 | 2013-1 | 2013-l | 2011-11 | 2012-1 | 2012-1I | 2013-11

Business 1.007 1.071 0.847 1.232
Administration 1) ] 0998(1) | 1.002(1) | 1(1) 1A | orgy |9%008) | (150 | (0i822) | (1248)

Ad@;’;ést;";t#é” of 0.87 0.974 1.007 1.041 0971 0.916 0.989 0998 | 0981 | 1.009
Occupational Health | (©889) | (0749) | (1243) | (1076) | (1129) | (0988) | (L042) | (0.919) | (0886) | (1168)

. 1.042 1.028 0914 0.982 1.009

Applied Biology 453 | (73 | 139 [ 099 [ 098Q) | o | L1z | 1OO | g7gg | 10168

. . 1.005 1007 | 0949 | 1.064

Public Accounting 1(1) 1(2) 1(1) 1(1) 1(1) 1.01 (1.09) (0.955) (1.054) (0.893) (1.24)

1.047 1.047 1092 | 0874 | 0935

Law 1@ 1@ 1@ 1@ 1M | @209 | (0953 | (1295) | (0:891) | (1.046)

0.997 0.988 1017 | 0973 | 101

Economy L@ | 1@ 1@ 1@ 1@ | @oor | o877 | 174 | (0887) | (1.004)
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P 1.016 1.012 0.961 0.964 1.008 1.005 1.024 1.011 1009 |4 505
g g (0.775) (1.29) (0.827) (1.21) (0.915) | (0.729) | (1.141) | (0.809) | (0.994) |
Mechatronics 1.076 0.919 1.014 0.977 1.016 0.981 0.982 0.996 0.996 | 0.999
Engineering (1.183) (0.877) (1.147) | (0.981) (0.976) | (1.028) | (0.915) | (0.892) | (0.95) | (1.011)
Multimedia 0.981 1.017 0.998
Engineering 1(1) 1(1) 1(1) 09915 | 1(0777) | (g3 | 10983) | gogn | (olo7s) |1 (1089
Telecommunications 1.027 1.019 0.996 0982 | | sy | 0981 0.987 1.002 1009 |4 4 047y
Engineering (0.932) (1.309) (0.969) | (1.129) : (0.97) (0.97) (0.751) | (0.922) :
. o 1.064 0.982 0.995 1.002 | 0.998
Industrial Engineering 1(1) 1(1) 1(1) 1(1) 1(1) (1.245) (1.245) (0.928) (0.994) | (1.014)
- 0.984 1.077 0.999 0.994 0.961 0.993 1.001 1.009
Medicine ©0971) | @oss)y | ie8) | (is8) | 1©84) | (09gs) | (0.088) | (0.983) | (0.949) | L (1:037)
International Relations 0.973 0.993 0.967 1.003 0.986 (1) 1.007 1.025 0.996 1.004 1.022
and Political Studies | (0.931) | (1.074) | (0.965) | (1.036) | - (1.16) (116) | (1.053) | (0.894) | (1.179)

Scenario 2 is the most demanding regarding productivity
changes; in 2012-11 to 2013-1 Applied Biology, Public
Accounting in 2012-11 to 2013-1, Law in 2012-11 to 2013-I,
Economy in 2011-11 to 2012-1 and 2012-11 to 2013-I1, Civil
Engineering in 2011-1 to 2011-1l and 2012-l to 2012-Il,
Mechatronics Engineering in 2011-11 to 2012-1, Multimedia
Engineering in 2013-1 to 2013-1l, Telecommunications
Engineering in 2013-1 to 2013-11, and Medicine in 2013-I to
2013-11 had notable decreases in productivity, which may be
explained with the results from

Table 4. It is highlighted that during the last two periods
considered there are no notable changes in productivity.

Through

Table 4, the indices reported in Table 3 may be interpreted.
On average efficiency and technology changes have values
of 0.998 and 0.999 in scenario 1 and 1.01 and 1.00 for
scenario 2. This corroborates the appreciation that on
average there are no productivity changes (measured
through the Malmquist index) in the programs evaluated
during the periods 2011-1 to 2013-I1.

The results shown in

Table 4 explained the specific behaviors of the productivity
changes for each program during specific periods. For
example, between periods 2013-I to 2013-11 the program of
Multimedia Engineering measured under scenario 2
diminished its productivity (Malmquist index = 0.844,
(Table 3) and this change is broken down in decreased
deficiency (0.777,

Table 4) and in a slight technological progress (1.085,
Table 4).

3.3. Referents for each target program and values

With data envelopment analysis we can identify with respect
to what program can we compare those the result inefficient
and determine which is the value of the outputs that can be
required from each of them. Table 5 presents the pertinent
results from scenario 1 for the last period analyzed.

Table 5 Referents and projections of outputs for each

program
Referent (4. | Projection | Projectio
Program ) "| (SABER) | n (PAG)
Business Administration (BA) AE (1) 10.45 421
Administration of Safety and E(0.827); 11.52 489
Occupational Health (ASOH) 1E(0.25) ) )
Public Accounting (PA) PA (1) 10.42 4.6
Law (L) L (1) 10.52 461
Economy (E) E (1) 10.67 4.52
CP(0.28);
Civil Engineering (IC) L(0.17); 11.44 4.95
1E(0.62)
. N CP(0.36);
Mechatrore:\t;lscggmeermg E(0.11); 11.93 5
IE(0.64)
Multimedia Engineering
(M(E) 1E(1.01) 10.93 4.68
Telecommunications
Engineering (TE) IE(1.003) 10.82 463
Industrial Engineering (IE) 1E(1) 10.79 4.62
Medicine (M) IE(1.11) 11.98 5
International Relations and PI:D(\80461(;) ; 11.54 5
Political Studies (IRPS) IE(0.09)

From Table 5, it may be noted that the programs of Business
Administration, Public Accounting, Law, Economy, and
Industrial Engineering, by being 100% efficient, are kept as
reference peers for themselves and increased value of the
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outputs is not required of them. The Industrial Engineering
program is a referent for all the programs evaluated with
efficiency below 100% (the value in parentheses is the factor
of importance program has as reference peer for that which
is not efficient). For its part, Economy is a reference peer for
Administration of Safety and Occupational Health and
Mechatronics Engineering, while Law is for International
Relations and Political Studies, and Public Accounting is a
referent for Mechatronics Engineering, Civil Engineering,
and International Relations.

With the information from the second column on Table 2 we
may design the collaboration schemes among different
academic programs, choosing the most academically related
referents or those with the highest value of A. The last two
columns from the same table indicate how much can be
required in the improvement plans from each program. Of
course, the academic setting has its peculiarities and these
must be kept in mind during the analysis, for example,
nothing can required of a program with an accumulated
average of five (measured over five), these types of results
must be understood as that with the currently available
resources the academic performance may be increased.
These types of considerations must be made with all the
inputs and outputs involved during the analysis.

In the educational setting, interpretations of results of DEA-
type models (or others like stochastic frontier) must be done
without losing sight of the complexity of the system. A
specific aspect is the fact that the efficiency indices obtained
are comparative among the DMUSs involved and, hence, do
not permit identifying structural problems. This means that
even by having efficient DMUSs, it may be that the amount
of resources assigned is not adequate and for optimal
operation additional budget may be necessary. It is also
important to highlight the fact that the intangibles of the
pedagogic process are not being considered.

4. Conclusions

This study used DEA, CCR, and DDF models (under
constant return) to measure the relative technical efficiency
of 13 undergraduate attendance programs at Universidad
Militar Nueva Granada during six consecutive semesters
from 2011-1 to 2013-1l. The CCR model (scenario 1)
considered three desired inputs and two desired outputs for
the measurement, while in the DDF model an undesired
output was incorporated (scenario 2). With the efficiency
indices obtained, productivity changes were also calculated
through the Malmquist index.

The results show that the mean relative efficiency of the
programs evaluated during the periods considered in 95.9%
(with standard deviation of 0.0497) under scenario 1 and
92.34% (with standard deviation of 0.114) scenario 2.

S2ECCI

Although in both cases the level of efficiency is high, it is
evident that scenario 2 is the most demanding because it
incorporates to the teaching mission the management of the
student dropout rate.

The results are robust in the sense that the programs that are
100% efficient during the six semesters are the same
independent of the scenario: Public Accounting, Law, and
Industrial Engineering (the three belonging to different
faculties). Besides, the mean of the Malmquist indices
evidences that productivity during the time analyzed has
remained constant.

Data envelopment analysis not only provides results to
measure an efficiency index, but also permits tracking and
breaking down productivity changes, establishing objective
values to carry out improvement plans and design
referencing schemes; all these aspects are useful in
university administration bearing in mind that education is a
complex phenomenon with huge social impact. Hence, DEA
is a tool that can contribute to improving the management of
tangible resources in IHEs, but whose results must be
interpreted respecting the characteristics of each context in
particular.
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