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Abstract

This study analyzes the efficiency and productivity of Mexican state universities
from 1989 to 2017, a period marked by significant reforms in higher education
funding mechanisms. Using a methodological approach that combines direct and
indirect (budget-constrained) sequential technology frontiers, we construct a
Malmgquist productivity index that decomposes efficiency into four components:
direct technical efficiency change, direct scale efficiency, input allocative
efficiency, and indirect frontier shift. This quadripartite decomposition allows us
to calculate the GAIN function, measuring the additional efficiency that
universities could achieve through better resource allocation within existing
budget constraints. Our analysis of 34 public state universities reveals
considerable heterogeneity in efficiency patterns, with productivity improvements
primarily driven by technological advancement (frontier shifts) rather than better
resource allocation. By 2017, universities could potentially improve their
efficiency by 52% through optimized resource allocation alone, without requiring
additional funding. Cluster analysis identifies distinct strategic groups among
universities, with varying efficiency profiles and improvement opportunities. Our
findings suggest that while Subject to Performance Budget (STP) programs
introduced in the 1990s contributed to overall efficiency improvements, they have
not necessarily led to better resource allocation decisions, as evidenced by
increasing bureaucratization and staff-to-faculty ratios. These results have
important implications for higher education funding policies in developing
economies, suggesting that significant performance improvements could be
achieved through better allocation decisions even within existing budgetary
constraints.
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1. Introduction

The importance of higher education institutions (HEIs) is based on their ability to promote
economic growth, social mobility and well-being. Higher education is considered a social good,
it creates intellectual capital (Sala-i Martin and Barro, 1995), it has an impact on local economic
development (Agasisti et al., 2019; Crespo et al., 2022); It promotes social mobility (Haveman
and Smeeding, 2006) and is expected to improve quality of life, happiness and well-being
(Cufado and Pérez de Gracia, 2012; Yakovlev and Leguizamon, 2012). Today, in egalitarian
societies, higher education is considered a universal right (L6pez-Segrera, 2012). However,
markets alone are not able to provide this educational service efficiently. Public funding and
government support are necessary to compensate for market failures and to provide this public
good (Wigger and von Weizsédcker, 2001).

The global expansion of higher education systems, coupled with their increasing costs, has
triggered a major public debate on the relevance of continued financial support for higher
education in a context of growing societal needs and limited public financial resources. In
recent decades, the efficiency of higher education institutions (HEIs) has become a topic of
research and discussion in policy circles and the academic community. The strong interest in
this topic can perhaps be attributed to the continuous cuts in public funding, the increased
efforts to achieve transparency and accountability in the budgets of institutions, the global
expansion of university rankings, and the increasing competition among HEIs (Mungaray et al.,
2006). In recent years, numerous studies have analyzed the efficiency of higher education
institutions using different techniques, levels of analysis, samples, and selections of inputs and
outputs. De Witte and Loépez-Torres (2017) presents a very complete compilation of previous
studies on efficiency in education.

In the specific case of Mexico, its higher education system underwent a massive expan-
sion in the 1960s and 1970s, driven mainly by the demographic window, the entry of women
into the labor market, and increasing government efforts to improve primary and secondary
education throughout the country. During this expansion, however, the system proved to be
highly inefficient and unsatisfactory in dealing with the growing number of students (Organ-
isation for Economic Co-operation and Development, 2019). At the time, enrollment was the
only factor taken into account in the allocation of federal funds, which was highly politicized
and heavily dependent on the negotiating skills of university administrators (Secretaria de Ed-
ucacion Publica, 2018). The lack of a standardized system for measuring the effectiveness of
the use of federal funds, as well as the emergence of a large number of low-quality private
institutions, required the implementation of new reforms and the introduction of innovative
funding formulas in order to change the practice of fixed budget allocations to a more flexible

and performance-based funding practice.



In the late 1980s and early 1990s, the Mexican government created a series of programs and
policies aimed at modernizing the entire higher education system. Among the most important
policies implemented are the establishment of an evaluation system for higher education insti-
tutions, the promotion of competition between institutions (public and private), the promotion
of enrollment growth and educational quality, the promotion of scientific research and techno-
logical development, the promotion of better management practices, and the modification of
funding schemes. With these policies, the Mexican public higher education system has created
specific programs to establish funding based on performance or Subject to Performance Bud-
get (STP). From the point of view of public policy, the existence of public funding directed to
higher education institutions, especially the STP, requires the evaluation of its impact on im-
proving the efficiency of the Mexican higher education system (de Wit et al., 2005; Kent, 2005;
Rubio Oca et al., 2005).

The objective of this study is to analyze whether the public policies implemented by the
Mexican government in the 1980s and 1990s have had a relevant impact on increasing the effi-
ciency of higher education institutions—which has been far less analyzed than both its US and
European counterparts (see, for instance Herberholz and Wigger, 2021). A first contribution
of this paper is the construction of both direct and indirect (budget constrained) sequential
technology frontiers to measure efficiency and productivity change using data from 34 public
state universities in Mexico over the period 1989-2017. Universities in our work are assumed to
be cost-constrained output maximizers, since data on budget and budget allocation are avail-
able for all Mexican state universities. Few studies in higher education, such as Glass (1998);
Glass et al. (2002), have analyzed efficiency using the cost-constrained or indirect approach in
general due to the availability of budget data. This is important because allocative efficiency
can be calculated and can provide important insights into how higher education institutions
should become more efficient by allocating their budgets more intelligently.

A second contribution of this paper is the estimation of direct and indirect geometric
Malmquist indices to decompose productivity gains into direct technical efficiency change,
allocative efficiency change, and indirect frontier shift. A third contribution of this paper is
the construction of a sequential technology frontier that assumes that the input-output mix
used in previous years is always available and is part of the technology in period ¢, in other
words, successive reference production sets are nested within one another (Alene, 2010) to our
knowledge, no other work in higher education has done so.

Finally, a fourth contribution is the long time period analyzed. While the majority of pre-
vious studies have focused on evaluating the efficiency of HEI over a few academic years, this
study analyzes a long time period (26 years), which allows for a more accurate evaluation since

most public policies have medium and long term effects. Previous studies have focused on HEI



in Mexico, such as Avilés-Sacoto et al. (2014) Altamirano-Corro and Peniche-Vera (2014) and
Sagarra et al. (2017), among others. However, to the best of the authors” knowledge, this is the
only study that analyzes the efficiency of higher education institutions in Mexico over a long
period of time. Measuring efficiency over the years will help us to better determine the impact
of public policies on HEIs’ efficiency in the long run.

Our main findings provide a clear panorama of a general improvement in university effi-
ciency over the 1989-2017 period, though this improvement has been relatively modest with a
productivity gain driven primarily by technological advancement (frontier shifts) rather than
better resource allocation. While the Subject to Performance Budget (STP) introduced in the
1990s has contributed to overall efficiency improvements, our analysis reveals that Mexican
universities have not achieved optimal resource allocation—as evidenced by the GAIN function
showing that by 2017, universities could potentially improve their efficiency by 52% through
better budget allocation alone, without requiring additional funding. The policy implications
are significant: rather than increasing funding, substantial efficiency gains could be achieved
through improved budget allocation guidelines, targeted interventions based on university-
specific inefficiency sources, and incentives for optimal faculty-to-staff ratios. This has impor-
tant implications for higher education funding policies in developing economies, as significant
performance improvements can be achieved within existing budgetary constraints.

The structure of the paper is as follows: Section 2 provides a review of the existing litera-
ture on higher education efficiency and the Mexican context; the methodology that allows to
measure efficiency and productivity is presented in Section 3; Section 4 is the description of the
data and variables used in the model; Section 5 5 presents the empirical results of the analysis;

and finally, section 6 concludes the paper.

2. Background

The education sector provides an interesting but complex context for efficiency analysis be-
cause HEIs are non-profit and use multiple inputs to produce multiple outputs. Furthermore,
the budgetary restrictions and quality education issues have made the measurement of pro-
ductivity and efficiency essential in monitoring and evaluating the performance of HEI. There
are different approaches to the study of efficiency. De Witte and Lépez-Torres (2017) revised 9o
papers that analyze the efficiency of universities, colleges, business schools, university depart-
ments, research programs and research/university teachers. Their work provides important
insights on the HEIs efficiency literature. In this section we present a short literature review on
the efficiency of higher education literature worldwide and in Mexico. We compare research
approaches and provide an overview of the problems faced by different studies. Likewise, we

list the inputs and outputs applied in previous studies, as well as the units of analysis.



2.1. The Mexican Higher Education System

In Mexico, as in most countries of the world, the financing and provision of higher education
institutions has become one of the main issues on the public agenda. In recent decades, a
great public debate has been extended about the relevance of continuing to support Mexican
higher education institutions (HEIs), as well as in the methods of financing and evaluation of
such institutions in a context of growing social needs and limited public financial resources
(Mungaray et al., 2006).

Since the late 1980s, Mexico’s demographic dividend has increased the demand for higher
education, leading to the creation of numerous public and private institutions. The majority of
the newly created institutions belong to the private sector. However, most of the increase in en-
rollment has been absorbed by existing public institutions. Since public universities are largely
dependent on government funding, in the early 1990s the Mexican higher education system
underwent a series of reforms and policies designed to modernize and make deep structural
improvements. Among the most relevant policies implemented were the establishment of an
evaluation system, the promotion of competition among institutions, the endorsement of en-
rollment growth and educational quality, the support of scientific research and technological
development, the promotion of better management practices and the partial modification of
the funding allocation rules (Kent-Serna, 2009; Sagarra et al., 2015).

In 1996, the Program for the Improvement of the Faculty (PROMEP) was designed. The
objective of PROMEP was to increase the number of highly qualified full-time faculty in pub-
lic universities. Two programs were launched in 2001: The Integral Program for Institutional
Strengthening (PIFI), aimed at faculty members, and the National Scholarship Program (PRON-
ABES), aimed at students. PIFI is based on two core concepts: academic capacity, which refers
to the academic profile of faculty members; and academic competitiveness, which refers to the
number of certified academic programs. PIFI aimed to encourage institutions to use public
funds more efficiently and transparently. On the other hand, PRONABES was formulated to
promote equity among graduates by providing scholarships to low-income students (Galaz-
Fontes et al., 2009).

Other notable policies and changes designed to improve the higher education system were
the creation of the Additional Ordinary Subsidy Assignment Model Fund and the consolidation
of ANUIES and some other non-governmental institutions such as the Council for Higher Ed-
ucation Accreditation (COPAES) and the Inter-Institutional Committees for Higher Education
Evaluation (CIIES). Likewise, the National Council of Science and Technology (CONACYT) has
offered important economic and reputational incentives for graduate programs recognized in
the Registry of Quality Graduate Programs (PNPC) (Martinez-Prats et al., 2022).

Perhaps the most notable government policy designed for higher education institutions was



the creation of a new fund: the federal special budget. This is a Subject to Performance Bud-
get (STP), which is given to universities in a variable proportion based on their performance.
It grants funds for special projects aimed at improving the quality of education and increas-
ing enrollment in PNPC, the percentage of full-time professors in graduate programs, and the
percentage of students who graduate. Currently, it is one of the main sources of funding for
higher education institutions. This STP budget was created in collaboration between the Mex-
ican Ministry of Education (SEP) and the National Association of Universities and Institutes
of Higher Education (ANUIES). It uses a formula called “CUPIA”, which takes into account a
multi-variable approach based on teaching and research indicators. (ANUIES, 2003).

The funding system and the type of funds that higher education institutions have access to
determine most of their resource allocation and investment decisions. STP budgets have been
applied in many countries using different approaches such as incremental budgeting, activity-
based formula models, performance-based outcome models and, more recently, efficiency-
based funding (Sexton et al., 2012). In Mexico, the implementation of all these policies and
reforms, especially the creation of the STP budget, has triggered a great competition among
universities and has allowed the federal government to exercise greater control over the perfor-
mance of public institutions and to implement a better evaluation and accountability of public
funds. However, their impact on improving the efficiency of higher education institutions re-

mains to be assessed.

2.2. Higher Education Institutions’ efficiency

Various methods have been used to measure the productivity of HEIs, such as Ordinary Least
Squares (OLS), Stochastic Frontier Analysis (SFA), and Data Envelopment Analysis (DEA); the
method used in this paper. DEA was first introduced in 1988 by Ahn et al. (1988). The au-
thors developed a study using the Charnes et al. (1978) (CCR) approach to analyze aspects of
the production behavior of public and private doctoral-granting universities in the U.S. They
found inefficiencies of up to 35% for universities without medical schools and 20% for univer-
sities with medical schools; the study allows for the identification of significant differences in
efficiency levels and productive scale between groups of universities. This work represents a
milestone in the study of university efficiency.

The studies that followed Ahn et al. (1988) used different methodologies and were applied to
multi-year data with different samples. One of the early examples of these studies is that devel-
oped by Beasley (1990); the author constructed a model to compare UK physics and chemistry
university departments for the academic year 1986-1987; the results provided good insights
into the differences in efficiency between university departments and how this efficiency could

be improved. However, the study was limited by data availability and could not prove the ex-



istence of a relationship between department size and efficiency. Later, Beasley (1995) used the
same sample and presented a model for simultaneously determining the teaching and research
efficiency of university departments.

Similarly, Breu and Raab (1994) measured the relative efficiency of the top 25 national uni-
versities and national liberal arts colleges in the U.S., as ranked by News and World Report
in 1992. Their findings revealed an important correlation between efficiency and student satis-
faction, suggesting that resources spent on prestige and reputation do not necessarily increase
student satisfaction. However, because this study did not use a random sample, the efficiency
scores had a narrow variance; a broader sample would yield broader efficiency scores. Also in
the U.S., Thursby (2000) used data on the quality of 104 economics Ph.D.-granting departments
in 1993 collected by the National Research Council. The results of this study indicated that
resources were the main determinants of output and quality measures.

Using a similar methodology, Korhonen et al. (2001) analyzed the academic research perfor-
mance of universities and research institutes of the Helsinki School of Economics. The authors
presented an outcome-oriented system for evaluating academic research and proposed the cre-
ation of a set of indicators to identify the most preferred combination of outputs and inputs.
In addition, the results highlighted the importance of evaluating efficiency within departments
and across universities.

Some studies have focused on exploring scale and scope efficiency. An example is the study
developed by Bonaccorsi et al. (2006) in 45 Italian universities from 1995 to 1999. The results
show that size and diversification are not necessarily good at the university level. According
to the authors, economies of scale and scope are not the most important drivers of efficiency in
higher education. Similarly, Worthington and Lee (2008) found that among Australian univer-
sities, the largest productivity growth was not found in the larger and older universities, but in
the smaller and newer ones.

Other studies have compared different methods of measuring efficiency or provided val-
idation of alternative methods. The study by Johnes (2006a) examined the advantages and
disadvantages of different methods for measuring the efficiency of higher education institu-
tions. Another very influential example is the study by Johnes et al. (2008) in which the authors
analyze 121 HEIs in England. The results show that estimates of economies of scale and scope
vary depending on the estimation technique used. Following this line of research, Bougnol and
Dulé (2006) compare ranking schemes in the U.S., concluding that the model is a critical aspect
in the ranking of universities."

Finally, some studies have deepened the analysis of productivity changes over time to distin-

guish between changes in technical efficiency and intertemporal shifts in the efficiency frontier.

1In this line, see also Giménez and Martinez (2006), which is one of the few studies that, like us, also focus on
cost efficiency.



The most notable cases include Flegg et al. (2004) and Thanassoulis et al. (2011) in the United
Kingdom; Agasisti and Johnes (2010) and Agasisti et al. (2012) in Italy; Worthington and Lee
(2008) in Australia; Kempkes and Pohl (2010) in Germany; and Agasisti and Pérez-Esparrells
(2010) in Italy and Spain.

Flegg et al. (2004) used the Malmquist to decompose the efficiency of 45 universities in the
United Kingdom. The results accounted for a 51.5% increase in productivity over the period
1980/81-1992/93. Similarly, Worthington and Lee (2008) used the Malmquist indexes (Caves
et al., 1982) to decompose into efficiency change, technological change, pure efficiency change,
and scale efficiency change. They found an average annual productivity growth of 3.3% for 35
Australian universities over the period 1998-2003. Later, Agasisti and Johnes (2010) conducted
a cross-country study between 127 English and 57 Italian public universities, decomposing into
efficiency change and frontier shift for the two countries in two different time periods. Their
results provided evidence of country-level differences and a general increase in efficiency in the
academic year 2003/04. This conclusion was supported by the evidence provided by Agasisti
and Pérez-Esparrells (2010), which decomposed the efficiency of 57 Italian public universities
and 44 Spanish public universities into efficiency change and frontier shift. The results show
an important shift of the efficiency frontier in Italian universities and remarkable differences
at the country level in the academic year 2004/2005. Similarly, the study of Agasisti et al.
(2012) on 147 Italian university departments is decomposed into efficiency change and frontier
shift and found evidence of a deterioration of the technology frontier over the period 2004-
2007. Finally, Kempkes and Pohl (2010) was decomposed into efficiency change and frontier
shift and the results showed that out of the 72 German universities in the sample, productivity
increased faster in East German universities than in West German universities over the period
1998-2003. This paper also provides comparisons between different quantitative approaches to

constructing efficiency frontiers.

2.2.1. Decision Making Units (DMUs)

The efficiency of higher education institutions has been studied at various levels of data: stu-
dents, academic programs, academic departments, universities, and cross-country compar-
isons. Examples of cross-country studies include the one developed by Joumady and Ris (2005)
for eight European countries; the one developed by Wolszczak-Derlacz and Parteka (2011) for
seven European countries. These studies have provided important evidence on the impact that
a region’s economic development, demographic changes, or a country’s specific government
programs have had on HEI efficiency and how this varies across countries. However, this
type of analysis is scarce and more research is needed to obtain measures for cross-country

comparisons.



The majority of previous studies on the efficiency of higher education institutions have
focused on comparing universities within a country and identifying the factors that enable
efficiency levels. Examples are the studies developed by Avkiran (2001) for Australia; Izadi
et al. (2002) for the United Kingdom, Bonaccorsi et al. (2006) for Italy, McMillan and Chan
(2006) for Canada, Johnes and Schwarzenberger (2011) for Germany, Johnes and Li (2008) for
China, and Kuo and Ho (2008) for Taiwan, among many others. Some relevant work has been
developed to measure the efficiency of academic departments; examples are the studies by
Beasley (1990, 1995) and Agasisti et al. (2012). Other studies have focused on evaluating the
effectiveness of academic programs, such as the studies by Haksever and Muragishi (1998) and
Colbert et al. (2000).

The recent availability of individual-level data for higher education institutions has pro-
vided an opportunity to measure student performance within universities. Examples of this are
the study by Thanassoulis and Silva Portela (2002), which measures the efficiency of students
within and across schools; and the study by Johnes (2006b), which decomposes the efficiency of
economics graduates from UK universities. This level of analysis makes it possible to identify
institutional and individual outcomes and to determine the effect of individual performance
on institutional efficiency. However, data at this level are rarely available and future research
using individual units of analysis is needed. For the Mexican case, we decided to select each
public university as the relevant decision making unit (DMU); the full list is reported in Table

1.

2.2.2. The selection of variables

The efficiency literature assumes that HEIs transform inputs into outputs. One of the ma-
jor limitations of most studies seems to be the definition and selection of variables, given the
availability of data. There is no definitive standard guide or agreement on the selection of
inputs/outputs. As measures of inputs, most papers include variables corresponding to the
institution, such as teacher characteristics and learning environment characteristics. Common
measures of teacher characteristics are: education, experience, number of publications, and
salary. Common measures of learning environmental characteristics are: number of academic
members, number of non-academic members, class or university size, and general expendi-
tures. However, there is a growing debate about the real impact of university inputs on student
performance: while some authors argue that the effect is not significantly positive, others have
claimed that since these variables are endogenously determined, their impact would depend
on the model specification (De Witte, 2015).

As measures of educational output, most papers include graduation rates, post-graduation

employment rates, and average test scores. For research outputs, the number of peer-reviewed



articles and books published, the number of citations, patents, awards received, and the amount
of grants or income received are usually selected. However, according to De Witte (2015), there
are two main issues in selecting outputs. First, they capture the effect of previous educational
inputs of previous educational levels, not only those obtained in higher education institutions.
And second, the measures include only short- and medium-term outcomes, not the long-term
educational benefits.

Over time, the variables have become more diverse and specific and have adopted differ-
ent mixes of outputs and inputs. Recent studies such as Giménez and Martinez (2006) have
included variables such as teaching quality (according to student opinion)—although authors
such as Beasley (1990) had suggested that teaching quality is not a direct output of the univer-
sity department, but a proxy for person-specific increases in knowledge.

The correct specification of inputs and outputs is crucial in efficiency analysis, as the use of
aggregate data can lead to misleading results. This was illustrated by Johnes’s (2006b) study
of 2,547 economics graduates from UK universities in 1993. The authors decompose efficiency
into two components: one attributable to the university and one attributable to the student.
The results of the study show that the units of analysis are very important to avoid misleading

results.

2.3. Research on HEIs efficiency in Mexico

In the specific case of Mexico, few studies have focused on measuring the efficiency of its
universities. Guemes-Castorena (2001) calculates the relative efficiency of Mexican state uni-
versities to propose appropriate inefficiency-based funding models; the study of Avilés-Sacoto
et al. (2014) uses a Cobb-Douglas methodology in a two-stage model to evaluate the perfor-
mance of 36 undergraduate business programs in the US and one in Mexico. Likewise, the
study by Altamirano-Corro and Peniche-Vera (2014) evaluates the efficiency of 13 faculties in a
public university using the methods of Analytic Hierarchy Process (AHP) and DEA. The results
of these studies contributed significantly to the research on university efficiency in Mexico and
provided evidence for the application of mixed methods. We expand this burgeoning litera-
ture considering an alternative approach with some advantages to the previously considered
methods (aw we shall see below), which enable focusing on other research questions, and also

considering a longer time period.

3. Methodology

The measurement of productivity and efficiency is essential in monitoring and evaluating the

performance of HEIs. There are mainly two approaches in the empirical measurement of HEIs



efficiency: parametric techniques such as Ordinary Least Squares (OLS) and Stochastic Fron-
tier Analysis (SFA), or non-parametric techniques such as Data Envelopment Analysis (DEA),
the methodology used in this paper. Within these techniques, many studies have relied on
the method of frontier analysis which builds an efficient frontier considering each Decision-
Making Unit (DMU) at different time periods (Fare et al., 1988). Numerous studies have relied
on non-parametric techniques, specifically, on Data Envelopment Analysis (DEA). DEA was
first introduced by Charnes et al. (1978) and it was initially used to measure the efficiency
of non-profit organizations. In recent years, DEA has been successfully applied to analyze
a diverse rank of non-profit and profit organizations such as schools (Agasisti and Bonomi,
2014), universities (Johnes and Li, 2008), banks (Fukuyama and Weber, 2009), credit compa-
nies (Fukuyama et al., 1999) and electric companies (Blazquez-Gémez and Grifell-Tatjé, 2011)
among others.

This study models the efficiency of 34 HEIs in Mexico using DEA methodology. The model
specification is output oriented because Mexican public universities face a demand driven mar-
ket. Federal programs and funds for HEIs in Mexico, including the National Development
Plan (PND), aim to raise university entry numbers. Therefore, the increase in the enrollment
in public universities represents an incentive for university growth. We use university level
data to calculate direct and indirect sequential technology. Inputs are divided in two: fixed
and variable. In the direct technology all inputs are considered fixed while in the indirect tech-
nology some inputs are considered variable. Given the limited number of observations (only
34 HEISs per year), this study adopts sequential technology in order to generate robust results
that can compensate for the small number of DMUs and the abundance of inputs and outputs.
In sequential technology, production sets are nested into one another which allows enclosing
frontiers from previous years. It assumes that DMUSs can always produce at least what they
have produced before, so inputs-outputs mix used in previous periods are always available and
part of the technology in period and technological regression is not possible (Alene, 2010; Chen
et al., 2008; Nin et al., 2003).

The application of direct and indirect sequential technology approaches offers some use-
ful tools for evaluating DMUs performance, which are relevant in contexts like ours, where
budgetary constraints play a crucial role. Specifically, direct sequential technology captures
how universities transform current inputs into outputs while accounting for capabilities built
up over time—such as institutional knowledge and research capacity. Meanwhile, indirect
(budget-constrained) sequential technology enhances this analysis by explicitly considering
how universities allocate limited financial resources across different inputs to maximize their
outputs. This dual approach is especially valuable for evaluating public universities, as man-

agers must make strategic decisions about resource allocation while operating under fixed bud-
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gets (Heaton et al., 2023; Xiong et al., 2022). The complementary nature of these approaches al-
lows researchers to decompose efficiency gains into multiple components—including technical
efficiency, scale efficiency, allocative efficiency, and frontier shifts—providing deeper insights
into how universities can improve their performance through both better operational practices

and more optimal budget allocation decisions.

3.1. Direct and indirect sequential technology

In many productivity assessment studies, the Direct Technology is popular due to the fact that
is relatively easier to build data sets with the right selection of inputs and outputs to compute
direct frontiers; whereas, the Indirect Technology also known as "Cost Constrained" is rarely
used because information about the prices of inputs and total budgets is needed and is not
always available. Indirect Frontiers are computed using linear programming models, allowing
the amounts of inputs to vary, subject to prices and a budget constraint; that is why the indirect
frontier is further away and contains the Direct Frontier; Indirect Efficiency scores must be equal
or lower than Direct Scores (Fare et al., 1988).

We rely on the characteristics and relationship between Direct Sequential Technology and
Indirect Sequential Technology to provide a decomposition in four sub-indexes of an Indirect
Malmquist Index (IM); our particular interest is in the possibility to build an input allocative
efficiency sub-index that would provide specific information about how the HEIs” managers are
using their budgets to allocate it in the inputs that will produce the most efficient combination
of outputs.

Let X! = (x,...,x!L) € RL denote the variable input vectors with input prices vector
Wit = (w,...,wl) € RL and budget C' = (c!,...,c!) € RL; X}t = (x}tl, ... ?M) € RM
denote fixed input vectors of producer i = (1,...,I) to produce the vector of outputs Y =
(v¥,...,y%) € RY in time period t = 1,...,T.

The production set of direct sequential technology (Fare et al., 1994; Tulkens and Van-
den Eeckaut, 1995), from the point of time s = 1 until s = t of feasible combinations of

(1)

input vectors and output vectors is given by the production set T,(Jlmt = {(yis,xif,x}s) :

0) _ g Uiss)

(I .
Xy, Xf can produce y}. Since in sequential technology T, (s=1) IDirect SUCCESSIVE Se-

quential reference production sets, have the property of being nested into one another, that

s TUMD) o L)

Direet Direct for every t = 1,...,T — 1, then we can define a production frontier

(I(L1))
TDz(rect

firect(x) = max{y : (y,xo,xf) € T](Dlmt } as the outer boundary of the production set
(Grifell-Tatjé and Lovell, 2015).

TUA1)

Indirect

The indirect sequential production technology T determines the efficiency level by
estimating the maximum amount of outputs than can be produced in t subject to a budget

constraint denoted as ¢’ > ZL 1 wl tl (Fare et al., 1988). The indirect sequential production set,

11



from the point of time s = 1 up until s = ¢, TN {(y", LC",g , ;f) : @, xs can produce y}. Since

Indirect —
in the indirect sequential technology T I(igr?c)t = Uzszl) Tl(i[gjre)c)t successive sequential reference
TUALY) ~

production sets, have again the property of being nested into one another, that is T}, ;"\ C

Tl(ic(i};ijtl)) fort =1,...,T —1, then we can define a production frontier f,girec;(x) = max{y :
(I(Lt))
T

Indirect*

(v, S, xf) € Tl(n dive Ct} as the outer boundary of the production set
For calculating the level of efficiency relative to the frontier of best practice DEA uses dis-
tance functions. The direct distance function measures the greatest factor §, by which the

outputs y" can be expanded given the level of inputs . It is given by:
[DE(xo't, x/'t,y™")] 7 = max{6 : (0y") € T](Dl(mt))} (1)

The indirect distance function measures the greatest factor 6, by which the outputs y"* can

be expanded given the level of inputs, for the producer i under period’s ¢, it is given by:

D w” -1 _ it T( (L1))
[ O(xf/ zt’y )] max{4) (¢y )€ Indirect (2)

where ¢ is the output-oriented Debreu-Farrell efficiency measure (Blazquez-Gémez and Grifell-
Tatjé, 2011). Distance functions can take values from zero to one. If the value of the distance
function is equal to one, the producer is placed on the frontier which means it is efficient for
both direct and indirect output distance functions. If the value of the distance function is under
one, the producer is under the frontier and not reaching their best practice achievement levels.
To determine the value of the distance functions, it is necessary to solve the following linear
programming model for period t described by Fére et al. (1994) for the Direct Technology:

it -1
(D5 (%, x5, y™")]~ = max?,

s.t{fylt < ): ZAISy [ > ): Z)GS vl/xfm > Z Z)\lsxfm,/\is >0}

s=1i= s=1i= s=1i=

(3)

where i’ is the evaluated unit.
For the indirect technology, it is necessary to solve the following linear programming model
also described by Fire et al. (1994):
cit
[ID”(xf, lt,y )] - = max ¢,

PN\, xy
L (4)

St{¢y1t< ZZAzsy > ZZ 1s ;;sl/xfmz ZZAstfm’ Z i't thl/)‘ls>0}
s=1i= s=1i= s=1i= =1
Following Grosskopf et al. (1997) note that the choice variables for the direct distance func-

tion (3) are 0 and A, while the choice variables for the indirect distance function problem (4)
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are ¢, A and x,; the prime notation denotes data for the observation (HEI) under evaluation.
Note that previous linear programs exhibit Constant Returns of Scare (CRS) and satisfy strong

disposability of outputs (Fire et al., 1994; Glass, 1998).

3.2. The Indirect Malmquist index and its decomposition.

Malmquist Index is a temporal approach introduced by (Caves et al., 1982) that expand the
estimations of DEA and differentiate between changes in technical and scale efficiency in a
given year and technological shifts in the efficiency frontier (changes over time). It has been
widely used in efficiency studies since it was applied with DEA in Fédre et al. (1994); Alene
(2010). Some of the most remarkable studies using Malmquist Index in the analysis of efficiency
in education are: Glass (1998), Flegg et al. (2004), Worthington and Lee (2008), Agasisti and
Johnes (2010), Agasisti and Pérez-Esparrells (2010), Kempkes and Pohl (2010), Agasisti et al.
(2012), and Thanassoulis et al. (2011), among others.

Malmgquist Index calculates the ratio of input or output distance functions to measure the
productivity change of two time periods: t (base period) and ¢ 41 (Alene, 2010). According
to Fére et al. (1994), the output-oriented Indirect Malmquist Indexes in ¢, t + 1 for DMU i are
given by:

IDit (xitJrl’ cilf*ll,yithl)
M= 2\ e (5)

1D (i, &,y

it+1 (it i
IDO (xf /wit+1/y
. . Cit .
IDOzt+1 <xfzt, - yzt>

The Geometrical Indirect Malmquist is equal to the geometric mean of the Indirect Malmquist

IM0t+1 — (6)

Index in t and the Indirect Malmquist Index in ¢t + 1:

7 qit+l7

IMO — - - i - X . ; it P
1D, (¥, &5,y 1D (v, 55y

) . ; . . ; 1/2
it+1 . it+1 .
IDozt (xfthrl c” yzt+1> IDOthrl (xf1t+1’ ;it+11ylt+1>

(7)

The underlying assumption when applying DEA to calculate the Malmquist productivity
index is to construct a best practice frontier in each time period as a reference technology. It can
be decomposed in two components: one that evaluates with respect to the efficiency frontier in
the current period (the relative movement over the change in technical efficiency), and another
that evaluates with respect to the technology in a given base period (shifts in the efficiency
frontier). When inefficiency exists, then efficiency growth over time can be separated into

movements due to improvements of the DMU towards the efficiency frontier and movements
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that result from the frontier shifting up over time (Flegg et al., 2004, Worthington and Lee,
2008).

After some simple algebraic manipulations, we obtain:

; i it+1
ID it+1 x1t+1 c it+1
o ST Y

it+1 it+1 it+1 it+1 - - - - it it+1 cit+1 it 1
, D, <xf X, it ) pit+1 (xzft+1/xg+1,y,,+1) 1D, <xf , Sy +
IMO = . f . . D it it i it X ) 1 lt+] Cit+1 } 1 (8)
D," x}/xvlt/ylt o\t ) 1D, xf ,w,m,y”*
D, it (x“ X yit>
fl v,
; ; it+1
D,it+1 (xf]Hl’:;iH y1t+1)
) it+1/x7)it+1,yit+1> ) ) i )
j 1 1 i Dit+1 | x ID. it [ yit € it
D it+1 (x it+1 x it+1 lt+l) (f o Xe, =5y
t+1 _ 0 f it 'Y frw
M = 9)

X - X
. it Ty it (it it i ittt g
D, (xt, %o, yt) (st Gyt) D, (x5 i)
D,it (x}t,xvit,yit)

The square root of the product of Equations (8) and (9) is the decomposition for the Indirect

Geometric Malmquist we arrive to a similar result as in Fukuyama et al. (1999):

[Dit+1 (i1 cittl it+1)
o

. . . . f Twitf1”
. DY (a at y ) D e
M, = - X - X
0 . t . . : : it :
Dy (x5, y") ID3 (xf o ¥)

GG

direct technical efficiency

input allocative efficienc
p y (10)
) . . 1/2
it (it it it (it+1 g
1D, (xf,m,y ) X 1Dy (xf s o Y
it+1 (it ot g it+1 (Lit4+1 it
1D (i, £, yt) x IDEFY (1, Syt

technological change

In equation (10) we decompose the indirect geometric Malmquist as the product (from left
to right) of the direct technical efficiency change (10).a, the input allocative efficiency change
(10).b and the technological change (10).c; in each of the three components, values less than one
mean deterioration (productivity loss) and values greater than one, improvement (productivity
gain).

Then we extend our analysis to develop a further decomposition of the geometric Malmquist
index. From Fare et al. (1994) and Glass (1998), we know that cost direct output scale efficiency
can be expressed as:

Dl (vt ")
D,it (xj[t,xvit,yit>

sit (xjf, X yit> = (11)
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where Dét,v (xjf, xvit,yit> denotes variable returns to scale (V). This last equation is computed
analogously to (1), but with the additional restriction Zéj Zle Al =1,
When equation (11) has a value of one, the DMU i is scale efficient and when its value is

greater than one, the DMU is scale inefficient. Then, we obtain:

. : i1
- - - - . . . . ID:)t+1(x}t+1r;it+]/ zt+1)
DIyt Sy ERCAE i
S X — : : _ X —
Dlot (x}t’ xé)t, yzt Sét-ﬁ-l (x}t-H/ x;}t-ﬁ-l[ yzt+1) ID‘z)t(x}Hl,sif;ll it
Dy )

IMO ==

a)direct technical efficiency change b)direct scale efficiency
c)input allocative efficiency (12)

ID,* (x”%]/”) x 1D, (x”“ o yitH) v

f w! f 7 it+l7s

it+1 it cit g j it+1 citrl
IDYH (it & yit) x IDit1 (it &% i)

f wit’ f

d)indirect frontier shift

This expression for the Indirect Geometrical Malmquist index is then decomposed in 4 sub-
indexes (12).a, (12).b, (12).c, (12).d; from left to right: expression (12).a measures direct technical
efficiency change based on the direct technology; the second expression (12).b indicates changes
in cost direct scale efficiency; the third expression (12).c is the input allocative efficiency change
that provides information if the efficiency in mix selection constrained to HEI's; again if there
has been an improvement, the expression takes values higher than 1, if there has been no
change, it equals one and if it has worsen, it takes values lower than one. The last expression

(12).d measures the indirect frontier shift form period t to period ¢ + 1.

3.3. The GAIN function

Finally, this study calculates the “gain” in output resulting from the structural reform in the
assignment of STP budget in Mexico. We measured this “gain” via the GAIN function as
described by Grosskopf et al. (1999), which is equal to the ratio of the output achieved given
the current allocation of inputs and the potential output achievable when HEIs are able to re-
allocate their inputs in an optimal mix. That is, the ratio of the direct distance scores of HEI i in
time ¢, and the indirect distance score of HEI i in time ¢, both with CRS and strong disposability

of outputs technology: o
D (v, ") )
ID(I')t(x;'(t’ zcu;‘itf’ yit)

The measure represents the additional efficiency that could be achieved if the HEI i in time

GAIN =

t allocates its resources in a more efficient manner. It is, therefore, a measure of allocative

efficiency given the prices of the HEIs (Grosskopf et al., 1999). The GAIN Function can only
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take values superior or equal to one, because 1D ! (xjf“, 5:,:11 Lyt < DI (xjf“, XL ity
This expression collects the radial distance between the output isoquant of technology Tllj(ilr’ezrl)
and Tllébli;tr;lt), where Tgilr’;l) - TIIr(L;zi‘jc? As Grosskopf et al. (1999) pointed out, ng‘lr,etc)t C TII%’Z.?EC ;
when a HEI does not allocate efficiently its budget. This expression can be interpreted as a
measure of the efficiency gained by an efficient selection of inputs by the HEI: a value equal to
one indicates an efficient mix, while a value superior to one, implies that it is possible to choose

a better input mix that produces a higher amount of output.

4. Data

We use data at the university level and detailed information on inputs, outputs, prices, and
budgets of all 34 public state universities in Mexico from 1989 to 2017. The details are reported
in Table 2, which provides descriptive statistics, including mean, minimum, maximum and
standard deviation of all input and output variables (for selected years). Each university rep-
resents a Decision Making Unit (DMU). The table contains the list of all DMUs. The dataset
was collected by the Mexican Secretariat of Public Education (SEP); some of the information
was publicly available, while other data was gathered through a request for information to the
National Institute for Access to Information and Data Protection (Instituto Nacional de Trans-
parencia, Acceso a la Informacion y Proteccién de Datos Personales, INAI). All financial data from
this study is expressed in thousands of pesos and has been adjusted to 2008 constant prices.

Four measures of inputs have been selected: Full-time Equivalent Faculty (FTEFaculty),
Non-Academic Staff (Staf f), General Expenses (GExpenses), and Subject to Performance Bud-
get (STPBudget).

¢ Full-time Equivalent Faculty (FTEFaculty, x1) is computed as the number of full-time
faculty plus half the number of part-time faculty, plus the number of lecturing hours
per week taught by hourly professors divided by 40 (assuming that a full-time professor

could teach as many as 40 hours per week).

* Staff (xp) is defined as the number of non-academic staff members working at the uni-

versity.
* GExpenses (x3) is measured as the sum of all current expenses not including salaries.

* STPBudget (x4) is defined as the sum of Federal and State Extraordinary budgets assigned
to the universities according to their performance. The STP Budget is tied to specific
expenses, hence its allocation cannot be modified by the HEIs” administrators and it is

considered a fixed input (xy).
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The first three inputs represent the university’s expenses in the ordinary budget; they are
considered variable (x,) since they can be discretionarily allocated by the HEIs” administrators,
as long as the budget is not exceeded. When using Indirect Technology, an optimal allocation
of the variable inputs (x,) is the one that maximizes HEIs’ efficiency levels. The prices for these
inputs are defined as follows: W1FTEFaculty (w;) is the average full-time equivalent wage per
HEL W2Staf f (wy) is the average wage of non-academic staff members divided per HEI finally,
the price W3GExp (w3) is equal to 1 since GExpenses is already expressed in monetary units.
See Table 2.

HEIs produce a variety of outputs. However, most studies in HEIs, like Salmi (2009), fo-
cus on three key factors: education, research output, and knowledge transfer as services pro-
vided by universities. For the purposes of this study, there was not sufficient available data on
knowledge transfer or other services provided by universities to society. Therefore, the three
measures of outputs selected are weighted enrolment (WEnrolments, y;), weighted graduates
(WGraduates, y), and weighted SNI (WSN1, y3).> Although this might be a priori a problem-
atic issue, we should also consider that the measurement of knowledge transfer is particularly
difficult, as it does not exist a widely accepted metric for it.

WEnrolments (y1) is measured as the weighted average of incoming students in all higher
education levels. Students entering an undergraduate degree are multiplied by a factor of 1,
and students entering university at a graduate level are multiplied by a factor of 1.5. This is
considering that, according to data from the Secretary of Public Education (SEP) Secretaria de
Educacion Puablica (2018), the average cost of a graduate student is approximately 1.5 times the
cost of an undergraduate student. Even though enrolment is often included as an input, in the
specific case of Mexican public universities, the demand-driven market represents an incentive
for university growth. This is because some federal funds and programs are conditioned to
the university enrolment numbers, including the National Program for Higher Education Di-
ario Oficial de la Federacion 28/12/2023 (2023), whose aim is to increase enrolment in public
universities in the country.

The variable WGraduates (y2) is measured as the number of students graduating yearly
from all university levels. Students obtaining an undergraduate degree are multiplied by a
factor of 1, and students obtaining a graduate degree are multiplied by a factor of 1.5. This
is considering that, according to data from INEE (Instituto Nacional para la Evaluacion de la

Educacion, or National Institute for Educational Evaluation) and UNAM (Universidad Nacional

2SNI (Sistema Nacional de Investigadores, or National System or Researchers) in Mexico is a national evaluation
and recognition system established in 1984 by the National Council for Science and Technology (CONACYT). The
program identifies and supports the most productive researchers across Mexican universities and research centers
through a classification system with three levels (SNI I, II, and III), providing financial incentives and prestige to
researchers based on their research productivity, training capabilities, and institutional involvement. In the context
of this study, SNI membership serves as a proxy for research quality, with weighted SNI representing the financial
value of different researcher tiers used to measure research output at Mexican state universities.
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Auténoma de México, or National Autonomous University of Mexico), the average cost of a
graduate student is approximately 1.5 times the cost of an undergraduate student.

Finally, the number of research professors in the National System of Researchers (Sistema
Nacional de Investigadores, SNI) is used as a proxy for university research. WSNI (y3) is mea-
sured as the weighted average of all SNI research professors working at the university. The
weights were assigned according to the financial incentive received by each of the SNI levels,
as per the Ministry of Governance Mexico (SEGOB).

Regarding the evolution of the different variables, as shown in Table 2, and from the in-
put side, there has been an increase in the average FTEFaculty and Staff members over the
last 26 years. However, since 2006, this increase has been significantly higher for staff mem-
bers. The WEnrollment to Staf f ratio has been rapidly decreasing in recent years, compared
to the WEnrollment to FTEFaculty ratio. The number of students per full-time equivalent fac-
ulty member has also increased, which might imply that further investments in faculty mem-
bers are necessary to offset the continuous rise in enrolment numbers. However, the average
FTEFaculty price is higher than the average Staff price, and the difference between the two
has widened over time.

As for the ratio of WSNI to FTEFaculty, it has been increasing over the course of the study,
which indicates that Higher Education Institutions (HEIs) are investing more in research and
quality education. The STPBudget increased as a percentage of the Total Budget from 0% in
1989 to nearly 23% in 2009, but then it decreased to barely 6% by 2017.3 The Total Budget to
WEnrollment ratio has been increasing, which indicates that there has been an increase in the
expenditure per student at HEIs. Furthermore, the ratio of GExpenses to WEnrollment and the
ratio of STPBudget to WEnrollment have been increasing recently, which implies that HEIs are
receiving more budget per student.

There is a consistent increase in total weighted enrollment and degrees. However, with a
5-year lag, terminal efficiency is below 20%, which means that less than 20% of the students
enrolled in all universities obtain a degree. This number has increased since 1989, but it is still

very low and can be worrisome for efficiency measures.

5. Results and discussion

A summary of the computed results for all HEIs efficiency scores is shown in Table 3. On the
one hand, we observe the number of HEIs that are efficient by year and by score. As expected,
the direct VRS yields a higher number of efficient HEIs compared to the direct CRS scores,
with the year 1992 (not reported but available upon request) having the most HEIs with ef-

ficient scores in both measures. On the other hand, for the Indirect CRS scores, Table 3 also

3Detailed information for all years is available from the authors upon request.
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reports that only 3 universities were efficient in the year 1989 according to the indirect CRS,
and no other HEI in any other year reached efficiency. We can then assume that budget allo-
cation during the year 1989 was the most efficient compared to the following years; recall we
are using a sequential frontier approach, so every year is compared with all the previous years
for all HEIs. The efficient HEIs for the year 1989 are the Benemérita Universidad Auténoma
de Puebla (BUAP), Universidad Auténoma Benito Judrez de Oaxaca (UABJOAX), and Uni-
versidad Auténoma del Estado de Morelos (UAEMOR), which are characterized by having
smaller enrollments and more balanced faculty-to-staff ratios compared to their less efficient
counterparts. These three universities operated at relatively modest scales with better resource
allocation decisions, particularly in their faculty management strategies, which contributed to
their ability to achieve full efficiency under the indirect CRS model in that first year of the
sequential frontier analysis

In Table 4, we report the corresponding average efficiency scores for direct VRS, direct CRS,
and indirect CRS scores. These scores are also shown in Figure 1. As expected, direct VRS
scores are higher than direct CRS scores since a VRS technology is more relaxed than the CRS
one. We also observe that indirect CRS scores are lower than direct CRS scores because the
indirect frontier is always further and contains the direct frontier. We can clearly observe a
positive tendency for improvement in all scores through time, but we also witness an efficiency
loss during the first years analyzed until the year 1994. Presumably, this effect might exist since
during those years (1989-1994) the Tequila Crisis had an indirect effect on university budgets
and costs due to inflation and public budget restrictions. We can also observe that the efficiency
improvement is more significant for the direct VRS score, second for the direct CRS score, and
that the direct CRS score had only marginal improvement. Intuitively, we know that HEIs have
not been very good at allocating their budgets in inputs that produce better results on outputs.

In Figure 2, we show the evolution of the indirect geometric Malmquist score and its de-
composition described in Equation (12); again, we observe that there has been only a slight im-
provement in pure (direct) technical efficiency and scale efficiency, a loss in allocative efficiency
and an improvement in the frontier shift that is driving the general efficiency improvement or
productivity gain expressed by de geometric Malmquist index score. This improvement likely
reflects two key factors: first, the significant expansion in total enrollment during the observed
period due to demographic trends; and second, the increasing research productivity of profes-
sors, driven by incentives to join CONACYT’s National Researcher’s System, which provides
substantial economic benefits to researchers who meet its standards.

To better understand our results, we build a ranking index of each of the geometric average
of efficiency scores type that is showed in Table 5; among the best HEIs performers, the Univer-
sidad Auténoma del Estado de Hidalgo (UAEHGO) leads in pure technical (direct) efficiency
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change and allocative efficiency change (first and third components of equation (12), respec-
tively), the Universidad Auténoma del Carmen (UNACAR) in scale efficiency change (second
component of equation (12)), the Universidad Auténoma del Estado de Morelos (UAEMOR)
in frontier shift (fourth component of equation (12)) and, for the geometric Malmquist index
(Lh.s. of equation (12)), the Universidad Auténoma del Estado de Hidalgo (UAEHGO) also
leads. The Universidad Auténoma de Aguas Calientes (UAAGS) ends up with the best GAIN
index score, computed from equation (13), implying that, despite being the university with the
narrowest gap between direct and indirect scores, it still has room to improve to gain an addi-
tional 9.77% efficiency by better allocating inputs to produce outputs. This result is particularly
interesting, as it would have been more difficult to achieve with other techniques.

Among the worst performers we get the Universidad Auténoma de Campeche (UACAMP)
in pure technical (direct) efficiency change (first component of Equation (12)), the Universidad
Michoacana de San Nicoléds de Hidalgo (UMSNH) in scale efficiency change (second component
of Equation (12)), the Universidad Auténoma de Guerrero (UAGRO) in allocative efficiency
change (third component of Equation (12)), the Instituto Tecnolégico de Sonora (ITSON) in
frontier shift (fourth component of Equation (12)) and the Universidad Auténoma Benito Judrez
de Oaxaca (UABJOAX) being the worst performer according to the geometric Malmquist index
(Lh.s. of Equation (12)). Regarding the GAIN index in Equation (13), the worst performer is
the Universidad Auténoma de Guerrero (UAGRO), this university has a huge gap of 170% to
improve in allocative efficiency.

These poor performance patterns suggest several underlying challenges. The Universidad
Auténoma de Guerrero’s allocative inefficiency may stem from a historical tendency to prior-
itize administrative staff over faculty, or from operating in a context of resource scarcity that
has led to reactive rather than strategic budget decisions. For Universidad Michoacana de
San Nicolas de Hidalgo, the scale inefficiency potentially reflects either underutilization of re-
sources or operating at a scale that exceeds their optimal capacity given available inputs. The
technical inefficiency at UACAMP might indicate outdated teaching methodologies or insuffi-
cient investment in educational technology and infrastructure.

The implications of these disparities are significant: underperforming institutions not only
drain public resources but also fail to provide optimal educational outcomes for their students,
potentially limiting social mobility in their regions. Without targeted intervention to address
specific inefficiency sources, these institutions risk falling further behind, creating a two-tiered
system where students’ educational opportunities depend heavily on which university they
can access. Policymakers should consider differentiated support strategies, with UAGRO par-
ticularly needing guidance on optimal resource allocation and budget management training for

administrators to close its enormous 170% efficiency gap.
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5.1. Geometrical Malmquist index: quadripartite decomposition and analysis of produc-

tivity distributions

We examine now productivity change across Mexican universities by decomposing the indirect
geometric Malmquist index into its four components (direct technical efficiency, scale efficiency,
input allocative efficiency, and frontier shift) going beyond the analysis of average trends. In-
stead, we employ kernel density estimation to examine the full distribution of each compo-
nent, revealing heterogeneity in performance improvements across institutions. Using sequen-
tial counterfactual distributions, we isolate the relative contribution of each factor to overall
productivity gains, identifying whether efficiency improvements stem from better technology,
optimal scale, or smarter resource allocation. Accordingly, expression (12) can be rewritten
more succinctly as follows:

IM, = TE x SE x AE X FS (14)

which implies that the changes in the Malmquist index can be written as a quadripartite decom-
position of direct technical efficiency change (TE), direct scale efficiency (SE), input allocative
efficiency (AE), and indirect frontier shift (FS).

This quadripartite decomposition has the feature of allowing to construct counterfactual
distributions by sequential introduction of each of these factors. Therefore, it is possible to
ascertain the degree to which each of the four components contributes more greatly to the for-
mation of the distribution of productivity (IM,). For this, we employ nonparametric densities,
estimated via kernel smoothing.

Under these considerations, the relative contribution of direct technical efficiency change to

the distribution of the Malmquist index
IM! = TE (15)

would be isolating the effect on the distribution of university performance (measured via the
indirect Malmquist index) of changes in technical efficiency only. This is illustrated in Figure 3a,
which depicts the corresponding nonparametric density estimated via kernel smoothing, show-
ing that most universities are relatively close to unity—i.e., they are stagnant. By inspecting
visually the densities, some additional relevant information is unraveled, such as the existence
of some specific universities whose efficiency gains are well above the average, as shown by the
bumps in the upper tail of the distribution. The mean of the distribution of efficiency change
is indicated by a vertical line which is almost coincidental with stagnation.
By adding sequentially the rest of the factors, we would have that the distribution of the
variable
IMIE*SE — TE x SE (16)
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would isolate the effect of direct scale efficiency, and the joint effect of direct technical efficiency
change and direct scale efficiency. The corresponding density in Figure 3b is represented by
the dotted line, and contributes to a very small shift in the joint distribution. Indeed, the
distributions are quite similar, with the exception of the bumps in the upper tail, which are
smoothed out for the case of IMIE*E—a feature that could partly be related to the effect of
the bandwidth. The similarity between both distributions is reinforced by the closeness of the
averages (represented by the dashed and dotted vertical lines).

Regarding the relative contribution of input allocative efficiency, we have that
IMIEXSEXAE — TE » SE x AE (17)

would be isolating the joint effect of direct technical efficiency change, direct scale efficiency,
and input allocative efficiency. The corresponding density (IMIF*SEXAE) is represented by
the dashed-dotted line in Figure 3c, which shows actually a negative overall impact on the
distribution of IM,—the probability mass shifts towards the lower tail. However, although
the allocative efficiency problems experienced by some universities dominate (the average,
corresponding to the dashed-dotted vertical line, is below those corresponding to IM!F and
IMTIE*SE), some universities still over-perform the others in this variable, as shown by the
persistent bumps in the upper tail of the distribution.

Finally, we factor in the relative contribution of the indirect frontier shift:
IMIEXSEXAEXES — TE »« SE x AE x FS (18)

The decomposition of productivity reveals striking heterogeneity in how Mexican universi-
ties achieved efficiency gains. Figure 3 demonstrates that the dominant factor driving overall
productivity improvements has been the indirect frontier shift (Figure 3d), with a distribu-
tion centered well above unity, indicating technological progress across the system. The mean
indirect frontier shift of approximately 1.04 reflects system-wide advances in educational tech-
nology and research capabilities. In contrast, the distribution of direct technical efficiency
change (Figure 3a) clusters tightly around unity with minimal variation, suggesting stagnation
in operational practices across institutions. The scale efficiency component (Figure 3b) displays
similar characteristics, with most universities achieving neither gains nor losses, positioning
them close to their optimal operating size.

The most concerning finding emerges from the input allocative efficiency component (Fig-
ure 3c), where the distribution shows a leftward shift, with many universities experiencing ef-
ticiency losses. This pattern indicates widespread deterioration in resource allocation decisions

across the system. The analysis reveals that while technological advancement has propelled
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system-wide improvements, the inability to optimize resource allocation has limited potential
gains.

The counterfactual analysis demonstrates that technological progress alone cannot compen-
sate for poor allocation decisions. Universities that managed to maintain or improve allocative
efficiency, however few, achieved substantially better overall productivity gains. These distribu-
tional insights highlight the critical importance of addressing resource allocation inefficiencies

to fully capitalize on technological investments in the Mexican higher education system.

5.2. Efficiency clusters across Mexican universities

Attempting to make a better synthesis of our results, we ran a cluster analysis using the K-
means algorithm; we show the elbow diagram in Figure 4 and the graphical clusterization of
the DMUs in 4 clusters using the scores obtained in Table 5 in Figure 5. In Table 6 we show each
DMU with their average efficiency scores and the cluster to which they belong according to our
analysis. We observe that 5 universities belong to cluster 1, 3 universities belong to cluster 2,
17 to cluster 3 and 9 to cluster 4.

The HEIs in cluster 1, have pure technical (direct) efficiency and allocative efficiency loss,
while have a slight improvement in scale efficiency and an improvement above all in frontier
shift. The HEIs belonging to cluster 2, have important improvements in pure technical efficiency
and frontier shift, and slight improvements in scale efficiency, and a very small loss in allocative
efficiency. Regarding cluster 3, the HEIs belonging to this group show a very small pure
technical efficiency and scale efficiency improvements, a small allocative efficiency loss, and an
important frontier shift gain. HEIs belonging to cluster 4, show small pure technical (direct)
efficiency and allocative efficiency loss, and a small-scale efficiency improvement while we
observe a frontier shift gain.

Table 6 also reports the averages corresponding to the efficiency components of each cluster,
and in Figure 2 we graph the overall evolution of these magnitudes. We find that the univer-
sities belonging to cluster 2 have had the highest productivity gains, on average, followed by
the universities of cluster 1; both have productivity gains above the average; the universities of
cluster 3 have gained productivity close to the average and finally universities of cluster 4 have
gained productivity scores below the average.

It is interesting to notice that no cluster has been able to gain allocative productivity (for all
of them, as reported in Table 6, the magnitude is lower than 1), what may be reflecting that the
process of bureaucratization has been general for the system with the exception of 5 univer-
sities: Universidad Auténoma del Estado de Hidalgo (UAEHGO), Universidad Auténoma de
Querétaro (UAQRO), Universidad Auténoma del Carmen (UNACAR), Universidad Auténoma
de Aguascalientes (UAAGS) and Universidad Auténoma de Yucatan (UADY), as showed in
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Table 4. These exceptional universities appear to have implemented distinctive governance
models and resource allocation strategies. UAEHGO, which leads in allocative efficiency, has
maintained a governance structure emphasizing academic leadership in budget decisions rather
than administrative control. UAQRO and UADY have invested heavily in long-term academic
planning with multiyear budget frameworks that prioritize faculty development over admin-
istrative expansion. UNACAR, despite its relatively small size, has leveraged its regional spe-
cialization in engineering and petroleum studies to create efficient resource allocation models
responding to industry partnerships. UAAGS has implemented systematic cost-benefit anal-
yses for all major budget allocation decisions, maintaining one of the lowest administrative-
to-faculty ratios in the system. Unlike most other institutions where administrative positions
have proliferated in response to increasing reporting requirements from STP programs, these
five universities have successfully integrated compliance requirements into existing academic
structures rather than creating parallel administrative units, enabling them to maintain better
faculty-to-staff ratios and more efficient resource distribution patterns.

Finally, regarding the GAIN index, in Figure 6 we show that it has been steadily increasing
throughout the study period, implying a deterioration in allocative efficiency. By 2017, the
average GAIN score reached 1.52, revealing a substantial opportunity to improve efficiency
by 52% simply through better resource allocation without requiring additional funding. These
results would suggest that investing more in faculty rather than administrative staff could yield
significantly better outputs across all three key performance indicators: enrollment, graduation
rates, and research production. According to these findings, responding to regulatory pressures
by expanding administrative positions rather than investing in academic personnel might not
always be the best strategy.

In Figure 7, we present the GAIN Index by cluster, revealing important strategic differences.
Cluster 2 universities demonstrate superior resource allocation practices with a GAIN Index of
1.21 by 2017, positioning them closest to their efficiency frontier. In contrast, Cluster 4 uni-
versities show the poorest allocation decisions with a substantial GAIN Index of 1.58, leaving
considerable room for improvement. Clusters 1 and 2 fall between these extremes with values
of 1.42 and 1.40 respectively. These cluster-specific findings suggest that tailored intervention
strategies could be more advisable (rather than “one size fits all” approaches), with particular
attention to helping Cluster 4 universities reform their governance structures and decision-
making processes around resource allocation. More broadly, our GAIN analysis indicates that
Mexican higher education could benefit more from reallocating existing resources toward in-
structional capacity than from increasing overall funding levels—a finding with substantial

implications for national education policy in resource-constrained environments.
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6. Conclusions

The performance of higher education institutions represents a critical concern worldwide from
multiple perspectiveseconomic sustainability, educational quality, and societal impact. Public
universities, in particular, face distinctive challenges as they navigate the competing demands
of expanding access, maintaining academic excellence, and demonstrating accountability for
public resources. These institutions increasingly operate in environments characterized by
fiscal austerity, intensifying competition for funding, and escalating expectations from stake-
holders. The resulting imperative to maximize efficiency while preserving educational quality
has become a defining challenge for university administrators and policymakers alike. Our
study addresses these challenges by analyzing the evolution of efficiency in state universities
in Mexico from 1989 to 2017, a period characterized by significant reforms in higher education
funding and management. Our methodological approach combines traditional efficiency mea-
surement techniques with the so-called GAIN function, which was introduced by Grosskopf
et al. in 1999 and, despite its advantages in terms of providing insights into both technical
and allocative efficiency under budget constraints, it had never been used before to assess the
performance of higher education institutions.

The case of Mexican state universities is particularly relevant, due to the country’s on-
going transition toward knowledge-based economic development within significant resource
constraints. These insights are particularly relevant in this context, where higher education
evolution mirrors challenges faced by other developing countries, with increasing enrollment
demands coinciding with limited public funding. This intersection of growing needs and con-
strained resources has created efficiency imperatives that have been barely examined through
comprehensive methodological approaches until this study.

Results can be explored from a myriad of perspectives. First, while Mexican state univer-
sities have experienced general efficiency improvements over the studied period, these gains
have been primarily driven by frontier shifts rather than better resource allocation. This sug-
gests that while the sector as a whole has advanced technologically, individual institutions
have not optimized their input combinations. Indeed, our GAIN function analysis reveals that
by 2017, universities could potentially improve their efficiency by 52% through better resource
allocation alone, without requiring additional funding. The results are corroborated by the
counterfactual analysis, according to which optimized resource allocation would have yielded
substantially higher educational outputs within the same budget constraints across the entire
sample period.

Our analysis was complemented via a cluster analysis, which identified significant hetero-
geneity across institutions. Some of the most efficient universities show balanced improve-

ments across all efficiency dimensions examined, while others displayed strong technological
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progress but poor allocative efficiency. This heterogeneity suggests that a one-size-fits-all policy
approach may be inappropriate in the context of Mexican state universities, and that targeted
interventions focusing on resource allocation might be more effective.

In this regard, our findings also indicated that the Subject to Performance Budget (STP), an
initiative based on output-oriented metrics and competitive funding allocation, introduced in
the 1990s had mixed effects. While it contributed to overall efficiency improvements, it had not
necessarily led to better resource allocation decisions within universities. This was evidenced
by increasing bureaucratization trends, with staff-to-faculty ratios rising, despite evidence that
investing in faculty tends to produce better outputs.

These results have important policy implications. While the Mexican higher education
system has successfully improved its technological frontier, there remains substantial room for
efficiency gains through better resource allocation. Our analysis suggests that policymakers
could prioritize some policies related to: (i) developing guidelines for optimal input allocation,
particularly regarding the balance between academic and administrative staff; (ii) considering
introducing specific incentives for efficient resource allocation within the existing performance-
based funding framework; and (iii) implementing differentiated policies that account for the
heterogeneous nature of institutions and their specific inefficiency sources.

These findings are particularly relevant given the growing importance of higher education
in developing economies and the constant pressure on public resources. Our results suggest
that significant improvements in university performance could be achieved even within existing
budget constraints, through better allocation decisions.

For future research, we suggest extending this analysis to include other types of public
higher education institutions in Mexico, and to investigate the relationship between alloca-
tive efficiency and regional economic development. Additionally, studying how the COVID-19
pandemic has affected resource allocation patterns could provide valuable insights for future
policy design. The methodological approach we developed, combining the Malmquist produc-
tivity index with the GAIN function, offers a robust framework that could be applied to similar

budget-constrained public institutions beyond the Mexican higher education context.
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Table 1: Mexican State Universities

DMU University

BUAP Benemérita Universidad Auténoma de Puebla
ITSON Instituto Tecnolégico de Sonora

UAAGS Universidad Auténoma de Aguascalientes
UABC Universidad Auténoma de Baja California
UABCS Universidad Auténoma de Baja California Sur

UABJOAX  Universidad Auténoma Benito Judrez de Oaxaca
UACAMP  Universidad Auténoma de Campeche

UACHIH Universidad Auténoma de Chihuahua

UACHIS Universidad Auténoma de Chiapas

UAC] Universidad Auténoma de Ciudad Judrez
UACOAH  Universidad Autéonoma de Coahuila
UADY Universidad Auténoma de Yucatan

UAEHGO  Universidad Auténoma del Estado de Hidalgo
UAEMEX Universidad Auténoma del Estado de México
UAEMOR  Universidad Auténoma del Estado de Morelos
UAGRO Universidad Auténoma de Guerrero

UANAY Universidad Auténoma de Nayarit

UANL Universidad Auténoma de Nuevo Ledn
UAQRO Universidad Auténoma de Querétaro
UASIN Universidad Auténoma de Sinaloa
UASLP Universidad Auténoma de San Luis Potosi

UATAMPS  Universidad Auténoma de Tamaulipas
UATLAX Universidad Auténoma de Tlaxcala
UAZAC Universidad Autéonoma de Zacatecas
UCOL Universidad de Colima

UGTO Universidad de Guanajuato

UGUAD Universidad de Guadalajara

UAJATAB  Universidad Judrez Auténoma de Tabasco
UJEDO Universidad Judarez del Estado de Durango
UMSNH Universidad Michoacana de San Nicolas de Hidalgo
UNACAR  Universidad Auténoma del Carmen
UNISON Universidad de Sonora

UQROO Universidad Auténoma de Quintana Roo
UVER Universidad Veracruzana
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Table 3: Summary of results, number of efficient and efficient HEIs

Summary 1989 1996 2003 2010 2017

Number of efficient and inefficient universities

Direct(t,t,C,S)
Efficient 11 8 6 6 10
Inefficient 22 26 28 28 24
Direct(t,t,V,S)
Efficient 17 13 11 11 15
Inefficient 16 21 23 23 19
Indirect(t,t,C,S)
Efficient 3 0 0 0 0
Inefficient 30 34 34 34 34
Total DMUs 33 34 34 34 34

Notes: Direct(t,t,C,S): Direct frontier with constant returns to scale and strong disposability; Direct(t,t,V,S):
Direct frontier with variable returns to scale and strong disposability; Indirect(t,t,C,S): Indirect (budget-
constrained) frontier with constant returns to scale and strong disposability. Universities with an efficiency
score of 1 are considered efficient.
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Table 4: Summary of results, HEIs" efficiencies

Summary 1989 1996 2003 2010 2017
Direct(t,t,C,S)

Average 0.7568 0.7410 0.7066 0.7690 0.8138

Std. Dev. 0.2337 0.2127 0.1797 0.1615 0.1648
Direct(t,t,V,S)

Average 0.8418 0.8222 0.8398 0.8381 0.8546

Std. Dev. 0.2272 0.1983 0.1703 0.1660 0.1702

Indirect(t,t,C,S)
Average 0.6719 0.5556 0.5266 0.5353 0.5867
Std. Dev. 0.2398 0.1949 0.1724 0.1529 0.1726

Notes: Direct(t,t,C,S): Direct frontier with constant returns to scale; Direct(t,t,V,S): Direct frontier with variable returns to
scale; Indirect(t,t,C,S): Indirect (budget-constrained) frontier with constant returns to scale. Efficiency scores range from o to
1, where 1 indicates efficient university.
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Table 6: Summary of efficiencies by cluster, 1989—2917

Indirect
Universit Technical Scale Allocative  Frontier Malmquist
tversity efficiency efficiency efficiency shift productiv-
ity index
Cluster 1
BUAP 1.0000 1.0000 0.9847 1.0628 1.0465
UABCS 0.9839 0.9997 0.9932 1.0652 1.0405
UACAMP 0.9737 1.0099 0.9922 1.0704 1.0443
UAEMOR 1.0000 0.9979 0.9868 1.0744 1.0580
UNACAR 0.9831 1.0150 1.0035 1.0497 1.0511
Average 0.9881 1.0045 0.9921 1.0645 1.0481
Cluster 2
UACHIS 1.0306 1.0037 0.9973 1.0421 1.0750
UAC] 1.0313 1.0014 0.9948 1.0297 1.0579
UAEHGO 1.0461 1.0011 1.0069 1.0357 1.0922
Average 1.0360 1.0021 0.9997 1.0358 1.0750
Cluster 3
UAAGS 0.9916 0.9993 1.0024 1.0395 1.0325
UABC 1.0056 1.0038 0.9897 1.0368 1.0358
UACHIH 0.9944 1.0031 0.9844 1.0371 1.0184
UADY 1.0083 1.0026 1.0017 1.0387 1.0519
UAEMEX 1.0000 1.0064 0.9887 1.0413 1.0361
UANAY 1.0105 0.9998 0.9893 1.0474 1.0469
UAQRO 1.0073 1.0005 1.0053 1.0427 1.0565
UASIN 1.0000 0.9997 0.9941 1.0318 1.0254
UASLP 0.9974 1.0019 0.9924 1.0424 1.0337
UATLAX 1.0000 1.0000 0.9958 1.0358 1.0314
UAZAC 1.0172 1.0003 0.9911 1.0375 1.0464
UCOL 0.9867 0.9999 0.9959 1.0441 1.0260
UGTO 1.0000 1.0000 0.9965 1.0494 1.0457
UGUAD 1.0000 1.0015 0.9824 1.0401 1.0233
UJATAB 0.9933 0.9998 0.9833 1.0412 1.0166
UMSNH 0.9999 0.9936 0.9919 1.0450 1.0299
UQROO 1.0000 1.0000 0.9867 1.0414 1.0275
Average 1.0007 1.0007 0.9924 1.0407 1.0344
Cluster 4
ITSON 0.9937 1.0029 0.9929 1.0142 1.0035
UABJOAX 0.9850 0.9991 0.9877 1.0209 0.9924
UACOAH 0.9834 1.0081 0.9851 1.0198 0.9958
UAGRO 0.9988 1.0105 0.9729 1.0292 1.0106
UANL 1.0059 1.0086 0.9930 1.0220 1.0296
UATAMPS 1.0091 1.0110 0.9902 1.0161 1.0265
UJEDGO 1.0096 0.9996 0.9973 1.0251 1.0317
UNISON 1.0000 0.9999 0.9879 1.0281 1.0156
UVER 1.0000 0.9963 0.9995 1.0212 1.0170
Average 0.9984 1.0040 0.9896 1.0218 1.0136

Note: This table reports geometric mean efficiency change indices by university and
cluster from 1989-2017. Technical efficiency: Direct technical efficiency change; scale
efficiency: Direct scale efficiency change; allocative efficiency: Input allocative effi-
ciency change; frontier shift: Indirect frontier shift; IM: indirect Malmquist produc-
tivity index. Clusters were determined using k-means algorithm based on efficiency
performance patterns. Values greater than 1 indicate improvement, less than 1 indicate
deterioration.
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Figure 1: Average efficiency scores, all universities

This figure displays the evolution of efficiency scores for Mexican state universities from 1989 to 2017. Three
different efficiency measures are shown: Direct VRS (solid line) represents efficiency under variable returns to
scale, Direct CRS (middle dashed line) shows efficiency under constant returns to scale, and Indirect CRS (bottom
dashed line) represents budget-constrained efficiency.
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Figure 2: Mexican public universities, productivity components

This figure illustrates the decomposition of productivity change in Mexican state universities from 1989 to 2017,
displaying the four components of the indirect geometric Malmquist index. The graph shows Technical Efficiency
(dotted line), Scale Efficiency (short-dashed line), Allocative Efficiency (bottom solid line), and Frontier Shift (top
dashed line), along with the overall Malmquist Index (middle dashed line).
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Figure 4: Elbow diagram

This figure presents the elbow diagram used for determining the optimal number of clusters for grouping Mexican
state universities based on their efficiency patterns from 1989 to 2017. The x-axis shows the number of clusters
(k) considered, while the y-axis displays the total within-cluster sum of squares, which measures within-cluster
variance. The diagram exhibits a characteristic “elbow” shape, with diminishing returns in variance reduction as
the number of clusters increases. The substantial decrease in total within-cluster sum of squares occurs until k = 4,
after which the curve flattens, indicating that additional clusters provide minimal improvement in explaining the
variance in the data.
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Figure 5: Mexican state universities by cluster

This figure presents the visual representation of the four clusters of Mexican state universities identified through
K-means clustering based on their efficiency performance from 1989 to 2017. The two-dimensional plot displays
universities positioned according to the first two principal components (Dim1 and Dim2) which capture 38.95%
and 26.82% of the total variance, respectively. Cluster 1 (red, 5 universities) contains institutions characterized
by technical and allocative efficiency losses but strong frontier shift improvements. Cluster 2 (green, 3 universi-
ties) represents high-performing institutions with substantial technical efficiency and frontier shift improvements.
Cluster 3 (turquoise, 17 universities) comprises the largest group with modest efficiency improvements across most

dimensions. Cluster 4 (purple, 9 universities) shows universities with below-average productivity gains and poorest
allocative efficiency.
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Figure 6: GAIN, Mexican public state universities

This figure displays the GAIN function values for Mexican state universities from 1989 to 2017. The GAIN function,
defined as the ratio between direct distance scores and indirect distance scores, measures the additional efficiency
that could be achieved through optimal resource allocation within existing budget constraints. The steadily increas-
ing gap between Direct CRS (middle dashed line) and Indirect CRS (bottom dashed line) efficiencies illustrates the
deteriorating allocative efficiency over time.
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Figure 7: GAIN by cluster

This figure illustrates the evolution of the GAIN function values for each of the four clusters of Mexican state
universities from 1989 to 2017. The GAIN Index, representing the potential efficiency improvement through better
resource allocation, shows distinct patterns across clusters. Cluster 2 universities (solid line) demonstrate the best
resource allocation practices with the lowest GAIN Index of 1.21 by 2017, indicating these institutions are operating
closest to their optimal input combinations. In contrast, Cluster 4 universities (dotted line) exhibit the poorest
allocation decisions with a substantial GAIN Index of 1.58, suggesting significant room for improvement without
additional funding. Clusters 1 and 3 (short-dashed and long-dashed lines) fall between these extremes with values
of 1.42 and 1.40 respectively.
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