. mathematics

Article

Efficiency and Productivity of Local Educational Administration
in Korea Using the Malmquist Productivity Index

Moonyoung Eom !, Hyungchul Yoo 2 and Jisung Yoo 3*

check for
updates

Citation: Eom, M.; Yoo, H.; Yoo, J.
Efficiency and Productivity of Local
Educational Administration in Korea
Using the Malmquist Productivity
Index. Mathematics 2022, 10, 1449.
https://doi.org/10.3390/
math10091449

Academic Editors: Heui Seok Lim,
Sanghyuk Lee, Yeongwook Yang and
Imatitikua Aiyanyo

Received: 3 April 2022
Accepted: 24 April 2022
Published: 26 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Education, Seoul National University, Seoul 08826, Korea; myedu@snu.ac.kr
Incheon Haewon Elementary School, Incheon 22765, Korea; h-c0909@hanmail.net

@ N =

College of Liberal Arts, Konkuk University Glocal Campus, Chungju 27478, Korea
*  Correspondence: jisyoo@kku.ac.kr; Tel.:+82-43-8404788

Abstract: As local governments around the world struggle to finance and deliver quality education
under fiscal constraints, pressures mount to increase efficiency and productivity in order to obtain
more output from the same or fewer resources. Focusing on the case of Korea, this study investigates
the productivity of outputs in local offices of education (OEs) through the analysis of personnel and
financial factors by year (2012-2016). Overall, the results indicate the efficient operation of the OEs in
Korea. The Malmquist productivity index (MPI) mean decreased from 2012 to 2014, increased from
2014 to 2015, and decreased from 2015 to 2016. The rate of chronological change in each OE’s MPI
showed the same pattern of change in the distribution ratio of school expenditures. Finally, the MPI
had the same pattern as the Technical Change Index. Policy implications are provided.

Keywords: Malmquist productivity index (MPI); metropolitan and provincial offices of education;
productivity; educational investment
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1. Introduction

A primary responsibility of local governments around the world is to ensure the effec-
tive delivery of essential public services such as equitable access to education. Since the
global financial crisis of 2008, and with the continuing competing demands for government
funding, governments worldwide have struggled with public finances [1]. Thus, as the fi-
nancing of local educational administration is an international problem, increased efficiency
and productivity are needed in order to ensure the effective delivery of quality education
to all. The productivity of educational organization management, such as in closing and
new schools due to a decrease in the school-age population and the development of new
towns over the past 10 years, has been actively discussed.

Efficiency and productivity have been considered to be of great value in the public
sector, have provided governments and public organizations with their major purpose,
and have been utilized as standards of the evaluation of potential outputs [2]. Efficiency
and productivity have also been important goals, especially in education, in that the ways
in which limited resources are utilized can have an effect on the efficient achievement of
the purpose of education. Focusing on the case of South Korea, this study investigates
this problem by examining the efficiency of outputs in local offices of education (OEs)
through the analysis of personnel and financial factors over a five-year period (2012-2016).
The OEs are local educational administration agencies that were set up in a metropolitan
government. These local agencies are in charge of kindergarten, elementary, and secondary
education and curriculum affairs, as delegated by the Ministry of Education and under the
supervision of the Superintendent of Education [3].

In South Korea, various data related to efficiency and productivity have been pro-
vided on governmental websites such as School Info (www.schoolinfo.go.kr, accessed on
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2 April 2022) and Edu Info (www.eduinfo.go.kr, accessed on 2 April 2022) The School Info
website provides information at least once a year about the status of students and teachers,
facilities, school violence, hygiene, educational conditions, financial status, food service
status and academic achievement. The Edu Info website is designed to encourage the
public’s participation and communication in financial management, in order to enhance
fiscal soundness and efficiency by transparently disclosing the operation status of local
education finances. It also provides local education finance statistics and analysis data on
various subjects, along with budget and account disclosure information.

The provision of information on students and schools, and financial data on each
metropolitan and provincial OE can satisfy parents’ right to know, and can increase ex-
pectations for efficient financial operations. However, one concern about making this
information available to the public is that it could lead to the instigation of a ranking
among schools and regions [4], and this comparison could lead to the public’s awareness of
inferior conditions in their local schools. Given Korean parents’ intense concern about their
children’s education, the disclosure of this information could cause additional pressure
and frustration for parents. Despite this potential negative effect, having to provide such
important information to the public has forced every OE and government to find the best
ways to support students and schools with limited resources.

Thus, the questions arise as to what constitutes efficient support for students and
schools, and how the efficiency of each metropolitan and provincial OE can be measured.
Efficiency is an economic concept of the measurement of the rate of inputs to outputs in
terms of the achievement of the purpose of the organization [5,6]. The outcomes established
for each OE should be evaluated through a process of measuring whether such outcomes
were achieved. Ever since the scientific management theory was developed by Taylor to
address the efficient use of governmental resources in the public sector, there has been
growing interest in the application of this theory for the improvement of efficiency in
education as well [7].

However, there have been limitations to finding the proper ways to evaluate efficiency
in education due to the various inputs and outputs in education, the various variables to
be considered, and the insufficient research on efficiency and productivity [7,8]. However,
given the limited resources in education, serious efforts have been made to evaluate the
inputs and outputs in order to improve efficiency, such as by establishing a clear concept of
efficiency and elaborating the method of measuring efficiency [4].

In order to measure the efficiency in education, two main methods have been used:
parametric and non-parametric methods. Parametric methods include production func-
tion or regression analysis, while non-parametric methods include Data Envelopment
Analysis (DEA) and Malmquist productivity analysis. Numerous studies have compared
the efficiency scores generated by both techniques for a specific sample [9-11]. Rather
than using only student achievement to measure the efficiency of education, other valid
measurements include the analysis of the relationships between various input variables
and output variables from cognitive and financial perspectives.

The Malmquist index method has been considered appropriate for the analysis of
factors influencing the development of productive forces; it relies on technological progress
or management-level improvement. Moreover, this method has been widely used in fi-
nance, medical treatment, enterprise, and other related areas [12]. Moreover, the previous
studies using the Malmquist productivity index (MPI) focused on public or private cor-
porations, but no research has utilized the MPI to analyze the efficiency and productivity
of metropolitan and provincial OEs. Furthermore, the previous studies have considered
output variables from cognitive perspectives, but not from the financial perspective that
this study intends to analyze.

As some OEs have been shown to have low scale efficiency, the offices showing
an increasing return scale are required to improve the efficiency of output through increas-
ing returns to scale. For example, the improvement of the organizational operations by
reorganizing the systems is needed in order to meet the various educational demands.
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Furthermore, the causes of management inefficiency need to be investigated in order to
determine ways to improve the operational efficiency. Therefore, to this end, this study
attempts to analyze the efficiency of outputs through the analysis of personnel and financial
factors by year (2012-2016), by considering groups of kindergarten, primary, and secondary
schools in each metropolitan and provincial OE. Input and output variables are proposed
in order to measure the efficiency of the provision of financial support for schools in OEs.
Furthermore, employing the MP]I, this study attempts to analyze productivity over time
through time-series analysis, and explores the decisive factors influencing the changes in
outputs by diagnosing technical progress and technical efficiency.

Providing education as efficiently as possible is critically important at the national,
local, and individual levels, given the current competing demands for government funding.
Thus, the theoretical and empirical importance of this study lies in its potential contribution
to the improvement of the operations of educational organizations, which in turn would
contribute to the response to various educational demands, and ultimately to increasing
educational equity. The advantage of the utilization of the MPI—the productivity of the
t and t + 1 DMUs—to examine the productivity and efficiency of 17 metropolitan and
provincial OEs, is that it is capable of evaluating productivity increase or decrease based on
1’ by analyzing and decomposing productivity changes into technological changes and
efficiency changes [13,14].

2. Literature Review

With the competing demands on local governments to support various essential public
services with limited financial resources, it is important that these services be provided as
efficiently as possible [1]. Generally, efficiency means spending less while producing the
same level of output, while productivity includes technology changes, effectiveness, and
output quality [15].

2.1. Efficiency

Efficiency is defined as the performance measure to maximize outputs using limited
resources [16]. Technical efficiency, which is the proportion of inputs to outputs, refers to
the production of the maximum outputs through combinations of various inputs for the
evaluation of the internal operations of an organization. Therefore, measuring efficiency is
required in order to find the best ways to maximize the technical efficiency by considering
the most effective methods to produce outputs, making the best decisions about the input
ratio of capital to labor, and choosing appropriate production equipment and materials.
An efficient organization that attains technical efficiency is an organization that achieves its
goals through the use of the minimum inputs.

The assertion is that many attempts to combine the measurements of the multiple
inputs and outputs into any adequate measure of efficiency had failed. Farrell developed
a concept of efficiency that distinguished efficiency as technical efficiency, price efficiency,
and overall efficiency, with the latter term referring to both technical and price efficiency [17].
Farrell’s concept was restricted to the use of linear programming techniques [18]. However,
Charnes, Cooper, and Rhodes reinterpreted Farrell’s concept as being a relative notion,
and suggested a new ratio model based on non-linear programming, known as the CCR
ratio [19]. Furthermore, Park maintained that measuring efficiency requires an examination
of the production process through which an organization produces outputs by utilizing its
own limited resources [20].

Most interestingly, in a study by Ammons and King, a random sample of local chief
administrators were asked to choose from 12 different definitions of productivity. Of the
319 respondents, 54% selected the phrase “the efficiency with which resources are consumed
in the effective delivery of services” [21] (p. 115).
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2.2. Productivity

Productivity is defined as the proportion of inputs to outputs. That is, productivity is
the value of outputs divided by inputs, and thus can be viewed as a concept which is similar
to efficiency. However, productivity is the more inclusive concept compared to efficiency,
in that it includes not only efficiency but also the technological change, effectiveness, and
quality of products [2,22,23]. In order to distinguish the terms more simply, productivity
is defined as the quantity of work produced by a business, team or individual. On the
other hand, efficiency focuses on making sure that the resources are well used in order to
produce a product in terms of time. Productivity improvement comes not from working
harder, but from working smarter [15].

The analysis of productivity is the investigation of the relationship between inputs and
outputs over time using time-series analysis, including the examination of the technical
improvement. In addition, the influence of technical progress and the change of scale for
outputs should be included in the analysis of productivity [24]. In a study conducted to
produce a report commissioned by the United Kingdom, Atkinson examined UK govern-
ment output and productivity in multiple areas, including education [25]. The purpose of
this report was to enable more sophisticated analyses of government productivity by estab-
lishing guidelines for government output to be measured in a manner similar to output in
the private sector. As Atkinson explained, “we start from Principle A: the measurement of
government non-market output should, as far as possible, follow a procedure parallel to
that adopted in national accounts for market output” [25] (p. 36).

In the Atkinson Report, as a means of calculating UK government productivity in
education, the total government expenditure was used as the input measure and the number
of full-time equivalent students in the UK was used as an output measure [25]. Atkinson
asserted that progress towards improved measures of government inputs and outputs
strongly depends on cooperation between government departments. He emphasized the
critical role played by this cooperation [26].

2.3. Malmgquist Productivity Index (MPI)

This study analyzes the productivity of 17 metropolitan and provincial OEs by eval-
uating the MPI through time-series analysis (2012-2016). As this study deals with the
process of the change in productivity, the MPI is needed; it allows the evaluation of the
change in efficiency over time. This index, first introduced by Malmquist in 1953 in the
context of consumer theory, was further divided into two subsections: efficiency changes
(EC) and technical changes (TC) [27]. The MPI can be defined as the index of outputs
to input factors based on a distance function, rather than a specific production function.
Thus, unlike the Growth Accounting Method (GAM), the measurement of efficiency by the
Malmquist method does not need data for the rate of income distribution or the cost of
input factors. The distance function used in the MPI is divided into Input-based Distance
Function and Output-based Distance Function. The Input-based Distance Function is used
to find the minimum inputs necessary for the production of a certain level of outputs, while
the Output-based Distance Function is used to estimate the maximum outputs with the
limited inputs.

The MPI decomposes the total factor productivity using the factors of technical
progress and technical efficiency to provide policy implications related to the improvement
of productivity. When technical progress influences productivity, policies including techni-
cal innovation need to be introduced. However, when technical inefficiency interrupts the
sufficient use of production technology, it is necessary to raise productivity through policies
that introduce, extend, and utilize new technology [20]. As shown in Equation (1), produc-
tivity is decomposed into the Pure Efficiency Change Index (PECI), Scale Efficiency Change
Index (SECI), and Technical Change Index (TCI). In Equation (1), if Mj (x'*1, y**1, xf, ) > 1,
this indicates that productivity is increased at ¢ + 1. If My (x'*1, y**1, x, y) < 1, this means
that productivity is decreased at t + 1. If My (x**!, y**1, &!, y*) = 1, there is no change
in productivity.



Mathematics 2022, 10, 1449 5o0f 14

My (L yt1 xt, ) =

Vlt+1 (xtJr],yHl) . V[(x’,y’) . VIt+1 (xt+1/yf+])
V[t(xt,yt) D;(xt,y’) Dé“(x‘“,yf“)
1
N ac doRe. Coan M

D§+1(xf+1lyt+l) D§+1(xt,yt)

= PECI-SECI-TCI

where M refers to measuring productivity, x represents the input variables, y represents the
output variables, and t represents the time period.

2.4. Financial Efficiency

Calculated tax surplus is the surplus in the settlement of revenue and expenditure
accounts in every fiscal year, i.e., the balance remaining after the subtraction of expenditure
from revenue. The surplus can be used as available funds for the next year. The pure
calculated tax surplus of a local government is the surplus after the exclusion of specified
carry-over costs, accident carry-over costs, continuing carry-over expenditures, national
subsidy, and city and provincial subsidies [28].

Even though the pure calculated tax surplus is used as available funds for provincial
finance, this surplus can be considered to be either efficient or inefficient. For example, the
tax surplus can be considered as an institutional advantage in that this surplus can provide
continuing public service for people through the flexibility of the budget execution. On the
other hand, this surplus could be considered the result of the inefficiency of planning, the
predictability of financial management, and the financial inefficiency of the organization, as
this surplus means that the revenue in the current year is the amount carried forward [29].
In addition, the pure calculated tax surplus determined after the settlement of accounts is
complete at the end of the current year. This surplus reflects the budget for the next year;
that is, this surplus is used for the revised supplementary budget or the revenue for the next
year. Thus, the calculated tax surplus prevents the effective utilization of revenue under
rational planning [28]. This study focuses on the inefficiency of the pure calculated tax
surplus, and utilizes the rate of this surplus as an output variable to examine the efficiency
of financial operations in each city or provincial policy project.

2.5. Previous Research

As a nonparametric method, the MPI has been considered “an acceptable measure for
firms that are exposed to exclusive or semi-exclusive conditions in give-and-take markets
where the prices are not real” [30] (p. 3152). This method has been widely used around
the world in hospitals, banks, insurance companies, industries, and other firms such as
distribution companies and power and water generation.

For example, the MPI has been proven to be a practical method to measure productivity
in industry fields such as the cement industry. Some studies (e.g., Long et al.) utilized
the total productivity index in comparison with the environmentally friendly productivity
index [31]. As the research findings suggested, the utilization of modern technology could
help to correct the shortcomings of the previous research. The MPI was also employed by
Zhang et al. to evaluate the performance of activities, including CO; emissions in the field
of the transportation industry in China [27]. Their evaluation, which occurred in several
time periods, revealed a decline of 32.8% in the performance of the Chinese transportation
industry, and attributed this to a lower level of technology in the field. In the education
sector, there are several examples, such as the productivity of library operation and the
productivity of high schools and universities of education [32-34].

The research measuring efficiency and productivity in education has mostly dealt with
elementary or middle schools as the subject of study. However, the current study attempts
to analyze the efficiency of each metropolitan and provincial OE, and therefore considers
various factors related to personnel and financial resources in order to support each school
as influential input variables. Furthermore, in this study, cognitive and financial variables
are considered as outputs of schools in each metropolitan and provincial OE. The input and
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output variables in this study were selected based on the validity drawn from the analysis
of previous studies.

Furthermore, this study considers the 17 metropolitan and provincial OEs in South
Korea as analysis units, and analyzes the efficiency and productivity of these OEs from
2012 to 2016. Based on the previous studies, this study attempts to overcome the limitations
of time-series analysis utilized for Malmquist analysis [6,35].

The input variables that have been used in the analysis of efficiency in education are
various. For example, teachers and students were considered the personnel resources,
while the administration, budget, facilities, and equipment were considered as the material
resources [4,15,36]. Therefore, in addition to personnel resources, the current study also
utilizes financial resources as a main independent variable, because the financial resources
are considered an influential factor for the analysis of efficiency and productivity. The
financial factors employed in previous research have included educational expenses per
student [24,37-39] including welfare expenses per student [40], expenses for instruction [36],
funds for supporting afterschool activities [38], scholarships [36], total annual expenditure
per student, the ratio of expenses for instruction to total annual expenditures [39], and
the average budget allocation for vocational schools [35]. Even though various financial
variables can be used for MPI studies, we should be cautious that the ratio of specific
expenses to the total annual expenditures is more suitable in order to avoid the biases of
location and school size.

A variety of output variables have also been used in the analysis of efficiency in educa-
tion in order to diagnose cognitive and affective efficiency. The variables used in previous
studies for the diagnosis of cognitive efficiency have included a four-year college entrance
rate [4,24,40,41] and national average student achievement scores [24,38]. In addition, vari-
ables for the estimation of affective efficiency have included emotionality and satisfaction but
have not utilized financial efficiency as a dependent variable, as this study attempted.

Grifell-Tatjé and Lovell argued that the Malmquist index has several advantages [42].
First, only a limited number of inputs and outputs, as well as few modifications, are
required for MPI calculations. Secondly, the evaluator is not required in order to try to
maximize the outputs or minimize the inputs. A third advantage is that the MPI does not
rely on fixed weights for the inputs and outputs.

Based on the review of previous studies, the influential input factors utilized in the
current study include the number of students per teacher as the personnel factor; the ratio
of expenses for early childhood, primary, and secondary schools to the total annual expendi-
tures; and the ratio of expenses for general operation to the total annual expenditures as the
material factor. As the output variables, cognitive and financial efficiency and productivity
are examined.

3. Research Method
3.1. Subject of Analysis

This study analyzes the efficiency and productivity of 17 metropolitan and provincial
OEs from 2012 to 2016. This particular five-year analysis period was used because it
provided the most recent data released by the Student Info and Edu Info websites at the
time this study was conducted.

These OEs are used as the subject of analysis, i.e., the analysis units responsible for
producing various outputs by using various input factors. The analysis using the MPI
model requires that the character of each unit should be similar, and thus a sufficient
sample size is needed to obtain the stability of the data. Furthermore, Banker, Charnes,
and Cooper argued that the number of units should be at least three times greater than the
sum of the number of input and output variables [43]. Other studies also maintained that
the number of units should be at least two times greater than the product of the number
of inputs and the number of outputs [44,45]. However, the validity of the analysis should
be considered based on the character of the data and the context of the research, because
there is no absolute standard for the number of analysis units and the number of inputs
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and outputs. As this study uses three input variables, four output variables, and 17 units
for five years (total 85 analysis units), there is no problem with the stability of the model.

3.2. Input and Output Variables

This study establishes an MPI model, using three input and four output variables to
measure the efficiency of the provision of financial support for schools in the metropolitan
and provincial OEs. The number of students per teacher, as provided by the Korean
Statistical Information Service (http://kosis.kr, accessed on 2 April 2022), was used as
the personnel variable. As previous studies have shown the apparent positive impact of
reducing the number of students per teacher on students’ achievement, the student—teacher
ratio was selected as an important input variable to be included in this study [46—48].

The ratio of kindergarten, primary, and secondary expenses, and the ratio of gen-
eral operating expenses to the total annual expenditures were used as the material vari-
ables, as found on the Local Educational Financial Statistics Information System website
(http:/ /www.eduinfo.go.kr, accessed on 2 April 2022). A number of studies have shown that
meaningful and effective educational reform requires a significant investment (e.g., [49-51]).

Cognitive and financial outputs have been considered as the main output variables in
numerous studies (e.g., [52-56]). The cognitive output data in the current study consisted
of the rate of the average scores for Korean, math, and English of each metropolitan and
provincial OE, and their four-year college entrance rates. Additionally, the ratio of the
budget to the settlement of accounts as a rationality criterion, and the ratio of the pure tax
surplus to the total budget as an efficiency criterion were used for the financial outputs.
Table 1 shows the summary of the input variables and output variables of the MPI model.

Table 1. The summary of the input variables and output variables of the DEA model.

Variable Name Title 3

(1) The number of students per teacher

(2) The ratio of kindergarten, primary, and secondary expenses to total

Input Variables ;
annual expenditures
(3) The ratio of general operation expenses to total annual expenditures
(1) The rate of average scores of Korean, math, and
English of each metropolitan and provincial Office
Cognitive output of Education
Output Variables (2) Four-year college entrance rates

Financial output (3) The ratio of budget to settlement of accounts

(4) The ratio of the pure tax surplus to total budget

3.3. Data Analysis

The MPI model is divided into the input-oriented model and the output-oriented
model. The input-oriented model minimizes the inputs for a desired level of output to be
achieved, while the output-oriented model maximizes the outputs whilst the inputs are
kept at a constant level. This study utilizes the output-oriented model for the analysis of
output maximization.

The data were extracted from the local education finance alert (https://eduinfo.go.kr,
accessed on 2 April 2022); they are data refined through cross-validation in KERIS (Korea
Education and Research Information Service). In the field of education finance, the infor-
mation disclosure system for education finance and education statistics is implemented by
law, such that the disclosed data are internally and externally confirmed several times.

EnPas v1.0 (Enpass Technologies Inc., Wilmington, NC, USA) and Excel 2014 (Mi-
crosoft, Redmond, WA, USA) were utilized in the Malmquist analysis of the relative
efficiency and productivity, while SPSS 22.0 (IBM, New York, NY, USA) was used for the
descriptive statistics. The changes in productivity over time were examined through the
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analysis of the MPIL. Whether the changes in productivity were influenced by internal
factors or external factors was also investigated.

4. Results
4.1. Descriptive Statistics

Table 2 shows the descriptive statistical data for this study. As shown, there were wide
variations in the financial data for the 17 metropolitan and provincial OEs. Thus, this study
utilized the ratios reported in Table 2 as the input and output variables.

Table 2. The descriptive statistical data for this study.

Division Minimum Maximum Average Standard
Value Value 8¢ Deviation
Number of students per teacher 12.78 18.74 15.8720 1.216
In'put Ratio of kmdergarten, primary, and secondary expenses to total 86.61 98.09 95.07 204
variables  annual expenditures
Ratio of general operation expenses to total annual expenditures 1.61 12.85 4.43 2.04
Cognitive Rate of average scores of Korean, math, and English 79.00 92.75 85.49 3.20
output -
Output tp Four-year college entrance rates 54.80 82.80 73.69 5.93
variables Financial Ratio of budget to settlement of accounts 59.38 118.65 94.33 7.25
output Ratio of the pure tax surplus to total budget 0.16 6.09 2.82 1.25

4.2. An Analysis of the Changes in the Malmquist Productivity Index

Table 3 shows the changes in the productivity index of 17 metropolitan and provincial
OEs from 2012 to 2016 by using the MPIL. If MPI > 1, this indicates that the productivity
increased compared to that in the previous year. If MPI = 1, this shows that the productivity
was the same as that in the previous year. If MPI < 1, the productivity decreased compared
to that in the previous year. The results presented in Table 3 show the changes in productiv-
ity by year based on the personnel/material inputs and cognitive/financial outputs of the
17 metropolitan and provincial OEs. Through the analysis from 2012 to 2016, the results
indicate that productivity decreased 0.23% from 2012 to 2013 and 8.02% from 2013 to 2014.
There was a 17.17% increase in outputs from 2014 to 2015, but a 4.71% decrease from 2015
to 2016. The average of the MPI showed that there was a 1.05% increase in productivity
from 2012 to 2016, while productivity fluctuated from 2012 to 2016 for each year period.

Table 3. Malmquist productivity index and component-by-time change rate.

Year MPI TECI TCI PECI SECI
2012-2013 0.9977 0.9834 0.9966 0.9912 0.9919
2013-2014 0.9198 0.9215 0.9125 0.9231 0.9959
2014-2015 1.1717 1.1631 1.1309 1.1749 0.9877
2015-2016 0.9529 0.9763 0.9469 0.9271 1.0523

Average 1.0105 1.0111 0.9967 1.0041 1.0070

Table 4 shows the summary of the rate of changes in the MPI in each metropolitan
and provincial OE. The results show that the average of the changes in the MPI of 14 OEs
increased, while the average of the changes in the MPI of three OEs decreased. Among the
14 OEs, the productivity index of the Seoul OE was the highest. In particular, the results
indicate that the percentage of the outcomes from 2014 to 2015 was 37.86%. However,
from 2013 to 2014, the outcomes decreased by 19.42% in the Gyeonggi OE. Notably, the
sharpest decline in outcomes (49.43%) was shown for the Gyeonggi OE in 2014 to 2015. The
productivity of 16 OEs, with the exception of the Gyeonggi OE, was higher than 1, which
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means that there is a positive relationship between the productivity index and the ratio of
expenses of kindergarten, primary, and secondary schools.

Table 4. Analysis of the change rate of the Malmquist productivity index by year.

T2 T3 T4 T5

Region (2012-2013)  (2013-2014)  (2014-2015)  (2015-2016) Average
Seoul 0.9963 1.1168 1.3786 0.9827 1.1186
Busan 0.9826 0.7474 1.1939 1.0781 1.0005
Daegu 0.9694 0.8831 1.285 0.9866 1.0310
Incheon 11718 0.7216 1.1575 1.0215 1.0181
Gwangju 0.9778 0.8015 1.3517 0.9044 1.0089
Daejeon 0.9639 0.8674 1.4026 0.7577 0.9979
Ulsan 1.0387 0.8729 1.3427 0.9367 1.0478
Sejong 0.9441 1.0699 1.0699 1.1413 1.0563
Gyeonggi 1.0115 0.8058 0.5057 0.8323 0.7888
Gangwon 1.0016 0.9896 1.0519 1.0102 1.0133
Chungbuk 0.9685 0.9509 1.1307 1.0227 1.0182
Chungnam 0.9501 1.0034 1.083 1.0068 1.0108
Jeonbuk 0.9802 0.9737 1.0769 0.9907 1.0054
Jeonnam 0.9835 0.9814 1.0988 0.9950 1.0147
Gyeongbuk 1.0000 0.7954 1.1326 0.9622 0.9726
Gyeongnam 0.9996 0.9878 1.4852 0.7462 1.0547
Jeju 1.0218 1.0683 1172 0.8240 1.0215
Average 0.9977 0.9198 11717 0.9529 1.0105

Table 5 shows the changes in the proportion of educational expenditure of kinder-
garten, primary, and secondary schools for each year. As shown in Tables 4 and 5, in-
terestingly, there were positive relationships between the changes in the proportion of
educational expenditure and the time-series productivity index. For example, the propor-
tion of educational expenditure decreased by 3.04% from 2013 to 2014, and the times-series
productivity index (0.9198) also decreased during the same period of time. In addition,
the proportion of educational expenditure increased by 3.21% from 2014 to 2015, and the
times-series productivity index (1.1717) also increased during the same period of time.

Thus, increasing the investment in kindergarten, primary, and secondary schools tends
to improve productivity in OEs. In other words, this can be a significant way to improve
the productivity of metropolitan and provincial OEs, e.g., by supporting the budget for
the operation of teacher professional development, educational facility development, and
support for education welfare such as meal plans, health services, and sports activities.

4.3. Impact Factors for the Improvement of Outputs

In order to find the most effective ways to improve efficiency and productivity, this
study explored efficiency changes and technology changes, and examined whether such
changes have influenced the MPI. The analysis of the Technical Efficiency Change Index
(TECI) can reveal whether internal adjustment or innovative operations improve the ef-
fectiveness, while the analysis of the Technical Change Index (TCI) can show whether
the changes in the external environment of metropolitan and provincial OEs influence
the productivity.

Table 6 shows the average scores of the rate of change in the productivity index and
the index of other components such as the TECI, the TCI, the Pure Efficiency Change Index
(PECI), and the Scale Efficiency Change Index (SECI). Fourteen OEs, excluding Daejeon,
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Gyeonggi, and Gyeongbuk, showed an MPIlower than 1. The low productivities of Daejeon
and Gyeonggi were due to their technical inefficiency and retrogression; however, the low
case of Gyeongbuk was caused by the technical retrogression only. Overall, the changes in
the MPI tend not to be influenced by the TECI, while the changes in the MPI were likely to
be influenced by the TCI in Korea. These findings indicate that the MPI varied depending
on the TCI as the main factor. In these results, the TECI shows whether internal adjustment
or innovative operations in OEs influence the improvement in efficiency, while the TCI
shows the effect of the changes in the external environment on the productivity.

It seems that the changes in the external environment—such as governmental financial
policies, the central government'’s financial transfers, and the local government’s financial
transfers—influence the outputs of each OE.

Table 5. The changes in the proportion of educational expenditure of kindergarten, primary, and
secondary education.

Region T2 I3 T 5 Average
(2012-2013) (2013-2014) (2014-2015) (2015-2016)
Seoul 0.24 —2.13 2.79 -091 —0.002
Busan 0.10 —2.42 1.61 1.19 0.170
Daegu —0.33 —3.85 5.04 —0.43 0.108
Incheon 0.39 —6.86 7.09 —0.27 0.163
Gwangju 0.54 —3.48 4.13 —0.82 —0.078

Daejeon —1.34 —4.36 3.81 —0.28 —0.073
Ulsan 0.02 -29 3.81 —1.99 —0.265
Sejong 6.26 0.56 —1.70 —5.32 0.450

Gyeonggi —5.56 -3.29 3.95 —0.63 0.058
Gangwon 0.23 —0.45 —0.85 -1.70 —0.580
Chungbuk 0.47 —3.44 3.84 —0.75 0.030
Chungnam 1.14 —3.86 411 —0.45 0.585
Jeonbuk —0.78 —4.52 4.83 —1.32 —0.398
Jeonnam 0.22 —3.37 4.43 —0.80 0.035
Gyeongbuk —3.36 —4.05 2.74 —0.41 —0.375
Gyeongnam 0.42 —3.86 4.41 -1.87 —0.225
Jeju 0.24 0.67 0.49 —0.63 0.393
Average —0.06 —3.04 3.21 —1.02 —0.0003
Table 6. Malmquist productivity index and component change rate.

Region MPI TECI TCI PECI SECI
Seoul 1.1186 1.0290 1.1080 1.0195 1.0093
Busan 1.0005 1.0142 0.9850 1.0000 1.0142
Daegu 1.0310 1.0166 1.0187 1.0099 1.0067

Incheon 1.0181 1.0278 0.9879 1.0186 1.0091

Gwangju 1.0089 1.0208 0.9863 1.0131 1.0076

Daejeon 0.9979 0.9784 0.9709 0.9601 1.0191
Ulsan 1.0478 1.0297 1.0214 1.0200 1.0095
Sejong 1.0563 1.0000 1.0518 1.0000 1.0000

Gyeonggi 0.7888 0.9872 0.7653 0.9871 1.0001
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Region MPI TECI TCI PECI SECI
Gangwon 1.0133 1.0049 1.0131 1.0008 1.0041
Chungbuk 1.0182 1.0083 1.0144 1.0035 1.0049
Chungnam 1.0108 1.0058 1.0088 1.0000 1.0058
Jeonbuk 1.0054 1.0041 1.0046 1.0000 1.0041
Jeonnam 1.0147 1.0073 1.0115 1.0027 1.0046
Gyeongbuk 0.9726 1.0056 0.9629 1.0101 0.9955
Gyeongnam 1.0547 1.0348 1.0228 1.0240 1.0106
Jeju 1.0215 1.0136 1.0113 1.0000 1.0136

Average 1.0105 1.0111 0.9967 1.0041 1.0070

5. Discussion and Conclusions

This study analyzed the efficiency and productivity of 17 metropolitan and provincial
OEs. In order to measure the efficiency and productivity of metropolitan and provincial
OEs from 2012 to 2016, this study examined the change in productivity by utilizing the
MPI and the index of other components such as TECI, TCI, PECI, and SECI. These analyses
revealed several significant findings.

First, the analysis of the measurement of the MPI based on the average of the MPI
showed an increase of 1.05% in the change in outputs from 2012 to 2016. Specifically, the
outputs were likely to decrease in 2012 to 2014, while the outputs tended to increase from
2014 to 2015. The outputs again tended to decrease from 2015 to 2016.

Secondly, the analysis of the chronological change rate of the MPI for each of the
metropolitan and provincial OEs indicated that the average change in the MPI by year of
14 OEs decreased, while three OEs showed a decrease in the MPI by year. In particular, the
MPI of 13 OEs was lower than one from 2013 to 2014, while the MPI of 16 OEs was higher
than one from 2014 to 2015. In addition, this study revealed a positive relationship between
the change in educational expenditure of kindergarten, primary, and secondary schools
and the change in the MPIL. Thus, the results showed that the efficiency and productivity of
metropolitan and provincial OEs can be improved by providing a sufficient budget for the
operation of human resources, school finance management, and any other supports such as
education welfare, meal plans, health, and sports activities.

Thirdly, through the analysis of the MPI, TECI, TCI, PECI, and SECI, a positive rela-
tionship was found between the change in the MPI and the change in the TCI. Furthermore,
the change in the MPI influenced by the TCI was the main factor of the change in outputs.
Thus, the empirical analysis revealed that changes in the external environment, such as
governmental financial policies, the central government’s financial transfers, the local
government’s financial transfers, may have an effect on the outputs of each metropolitan
and provincial OE.

These findings have significant policy implications. First, even though the productivity
of most OEs was over one, some OEs were shown to have low scale efficiency. Thus, the
offices showing an increasing return scale are required to improve the efficiency of their
output through increasing returns to scale. For example, the improvement of organizational
operations through the reorganization of the systems is needed in order to respond actively
to the various educational demands. On the other hand, the OEs showing a decreasing
return scale need to examine their bloated organizations and the causes of the inefficiency
of management in order to establish the ways to improve operational efficiency.

Secondly, the reconsideration of increasing investment for kindergarten, primary, and
secondary education is needed. This study divided the items related to the settlement
accounts of annual expenditure into two categories as input factors, and found that the
changes in budget for kindergarten, primary, and secondary schools are related to the
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changes in productivity. Thus, in order to improve the productivity and to achieve the
goals of education, the OEs need to increase the budget for the kindergarten, primary, and
secondary education.

Thirdly, the financial support for each OE should be consistent, in that the MPI was
likely to be influenced by the TCI, but not the TECIL The improvement in efficiency is
possible when a reasonable amount of budget is increased at the proper time, as more
than 95% of the main budget of metropolitan and provincial OEs is from external financial
transfers. Furthermore, in addition to the external financial support, the OEs must reduce
their inefficiency through the reorganization of systems or management innovations in
order to improve efficiency and outputs. Thus, each OE should seek consultation from
management experts in order to secure the maximum external resources for the efficiency
and productivity of education.

Author Contributions: Conceptualization, M.E., H.Y. and ].Y.; methodology, M.E., H.Y. and J.Y,;
software, MLE., H.Y. and ].Y.; validation, M.E., H.Y. and ].Y.; formal analysis, M.E., H.Y. and J.Y,;
investigation, M.E., H.Y. and J.Y,; resources, M.E., H.Y. and ].Y.; data curation, M.E., H.Y. and ].Y.;
writing—original draft preparation, M.E., H.Y. and J.Y.; writing—review and editing, M.E. and ].Y,;
visualization, M.E., H.Y. and J.Y.; supervision, M.E., H.Y. and ].Y.; project administration, M.E., H.Y.
and ].Y,; funding acquisition, M.E., H.Y. and ].Y. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data and computational codes are available upon request from the authors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Johnes, ].; Portela, M.; Thanassoulis, E.J. Efficiency in education. J. Oper. Res. Soc. 2017, 68, 331-338. [CrossRef]

2. Jung,]. An Analysis on the Efficiency of Public Libraries in Seoul. J. Gov. Stud. 2015, 21, 265-293.

3. Kim, Y. Easy Read Education Policy Magnifier (5)—Finding the Link between Education Policy and School field: What is the Relationship
between the Ministry of Education and the Office of Education?; Educational Research & Innovation Center of Korea: Seoul, Korea, 2020.

4. Rah, M,; Kim, M. Analysis of relative efficiency among general high schools focusing on education achievement for college
entrance. |. Econ. Financ. Educ. 2013, 22, 1-28.

5. Ban, S. Efficiency of educational finances. In Education Finance Economy Encyclopedia; Korean Association for Education, Finance
and Economics, Ed.; Howdongseol: Seoul, Korea, 2001.

6.  Yun, C. Introduction to the Theory of Educational Administration; Hakjisa: Seoul, Korea, 2008.

7. Kang, Y.S. Efficiency of education. In Encyclopedia of the Economics and Finance of Education; Korean Association for Education,
Finance and Economics, Ed.; Howdongsul: Seoul, Korea, 2001.

8.  Hanushek, E.A. Interpreting recent result on schooling in developing countries. World Bank Res. Obs. 1995, 10, 227-246. [CrossRef]

9.  Bates, ]. Measuring predetermined socioeconomic inputs when assessing the efficiency of educational outputs. Appl. Econ. 1997,
29, 85-93. [CrossRef]

10. Chakraborty, K.; Biswas, B.; Lewis, W.C. Measurement of technical efficiency in public education: A stochastic and non-stochastic
production function approach. South. Econ. . 2001, 67, 889-905.

11. Mizala, A.; Romanguera, P.; Farren, D. The technical efficiency of schools in Chile. Appl. Econ. 2002, 30, 1089-1100. [CrossRef]

12. Liao, J.; Wang, J.; Liang, L.; Wu, Y.,; Huang, M.; Liu, T.; Zhou, L.; Wang, X. An evaluation study of research efficiency of the
Guangzhou institute of respiratory diseases based on malmquist index. . Thorac. Dis. 2016, 8, 2709-2716. [CrossRef]

13.  Guerrini, A.; Romano, G.; Campedelli, B. Economies of scale, scope, and density in the Italian water sector: A two-stage data
envelopment analysis approach. Water Resour. Manag. 2013, 27, 4559-4578. [CrossRef]

14. Romano, G.; Guerrini, A. Measuring and comparing the efficiency of water utility companies: A data envelopment analysis
approach. Util. Policy 2011, 19, 202-209. [CrossRef]

15. Marginson, S. Productivity and efficiency in education. Aust. J. Educ. 1991, 35, 201-214. [CrossRef]

16. Anthony, R.; Dearden, J. Management Control Systems; Richard D. Irwin: Homewood, IL, USA, 1976.

17.  Farrell, M.]J. The measurement of productive efficiency. J. R. Stat. Soc. 1957, 120, 253-281. [CrossRef]

18.  Skare, M.; Rabar, D. Measuring economic growth using data envelopment analysis. Amfiteatru Econ. 2015, 18, 386-406.


http://doi.org/10.1057/s41274-016-0109-z
http://doi.org/10.1093/wbro/10.2.227
http://doi.org/10.1080/000368497327434
http://doi.org/10.1080/00036840110103256
http://doi.org/10.21037/jtd.2016.09.51
http://doi.org/10.1007/s11269-013-0426-9
http://doi.org/10.1016/j.jup.2011.05.005
http://doi.org/10.1177/000494419103500207
http://doi.org/10.2307/2343100

Mathematics 2022, 10, 1449 13 of 14

19.

20.
21.

22.
23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.
41.

42.
43.
44.
45.
46.
47.

48.

49.

50.

Charnes, A.; Cooper, W.W.; Rhodes, E. Measuring the efficiency of decision-making units. Eur. J. Oper. Res. 1978, 2, 429-444.
[CrossRef]

Park, M.H. Efficiency and Productivity Analysis; Korean Academic Information: Seoul, Korea, 2008.

Ammons, D.N; King, J.C. Productivity improvement in local government: Its place among competing priorities. Public Adm. Rev.
1983, 43, 113-120. [CrossRef]

Yoon, S. Public Financial Management; Beopmoonsa: Seoul, Korea, 2002.

Yoo, K.R. An empirical analysis of the productivity change of Korean Water Supply Services after the financial crisis. J. Korean
Public Adm. Rev. 2002, 36, 281-301.

Kim, M. Efficiency difference of high schools in Chungcheongbuk-do: Application of DEA and Tobit model. J. Korean Educ. 2010,
37,105-133.

Hanushek, E.A; Ettema, E. Defining productivity in education: Issues and illustrations. Am. Econ. 2017, 62, 165-183. [CrossRef]
Atkinson, T. Atkinson Review: Final Report. Measurement of Government Output and Productivity for the National Accounts; Palgrave
Macmillan: New York, NY, USA, 2005.

Zhang, N.; Zhou, P.; Kung, C.C. Total-factor carbon emission performance of the Chinese transportation industry: A bootstrapped
non-radial Malmquist index analysis. Renew. Sustain. Energy Rev. 2015, 41, 584-593. [CrossRef]

Lee, M.A ; Lee, H.; Hong, Y. A study on the effect of local government net budget surplus and fiscal efficiency. J. Local Gov. Stud.
2015, 18, 481-502.

Ryu, C.H. A Study on the budget system of local government focusing on Busan metropolitan city. In Proceedings of the Korean
Association for Local Government Studies, Seoul, Korea, 1 August 2006.

Amani, N.; Valami, H.B.; Ebrahimnejad, A. Application of Malmquist productivity index with carry-overs in power industry.
Alex. Eng. ]. 2018, 57, 3151-3165. [CrossRef]

Long, X.; Zhao, X.; Cheng, F. The comparison analysis of total factor productivity and eco-efficiency in China’s cement manufac-
tures. Energy Policy 2015, 81, 61-66. [CrossRef]

Simkins, T. Cost analysis in education. In Managing Finance and Resources in Education; Coleman, C., Anderson, L., Eds.; SAGE
Publications: Thousand Oaks, CA, USA, 2000; pp. 168-186.

US Department of Education. Available online: www?2.ed.gov/about/offices/list/opepd/ppss/reports.html. Retrieved from
https:/ /files.eric.ed.gov /fulltext/ED584614.pdf (accessed on 2 April 2022).

Yun, H. An Efficiency Evaluation of Universities of Elementary Teacher Education Using DEA. ]. Econ. Financ. Educ. 2008, 17, 29-57.
Lee, G. Analysis of the efficiency change in vocational high schools: DEA and Malmquist productivity index approach. J. Soc.
Korean Agric. Educ. 2009, 41, 77-100.

Kim, M.; Rah, M.; Kim, C. An analysis on the relative efficiency of middle schools using DEA in Korea. J. Educ. Adm. 2008, 26,
341-361.

Lee, S.; Moon, M.; Kim, B. Analysis of efficiency of middle schools by using DEA technique and result of national level school
achievement test. J. Econ. Financ. Educ. 2011, 20, 1-27.

Kim, M.; Seo, H.; Kim, B. Analysis of efficiency of Korean vocational high schools by using DEA technique. J. Econ. Financ. Educ.
2011, 20, 29-56.

Seo, H. An Analysis of the Relative Efficiency in Elementary School According to the DEA Model Focusing on Elementary School
in Chonbuk Province. Master’s Thesis, Chonbuk University, Chonbuk, Korea, 2013.

Kim, EJ. A Study on the Relative Efficiency of Secondary School in Seoul through DEA. Ph.D. Thesis, Konkuk University, Seoul, Korea, 2005.
Kim, H.; Yun, W. Analysis on efficiency differences using DEA approach and Tobit model: For educational performances of high
schools in Seoul. Korean Assoc. Public Financ. 2006, 21, 97-114.

Grifell-Tajté, E.; Lovell, C.A.K. Deregulation and productivity decline: The case of Spanish saving banks. Eur. Econ. Rev. 1996,
40, 1281-1303. [CrossRef]

Banker, R.D.; Charnes, A.; Cooper, W.W. Some models for estimating technical and scale efficiencies in data envelopment analysis.
Manag. Sci. 1984, 30, 1078-1092. [CrossRef]

Boussofiane, A.; Dyson, R.G.; Thanassoulis, E. Applied data envelopment analysis. Eur. ] Oper. Res. 1991, 52, 1-15. [CrossRef]
Fitzsimmons, J.A.; Fitzsimmons, M.]. Service Management for Competitive Advantage; Mcgraw-Hill: New York, NY, USA, 1994.
Blatchford, P; Lai, K.C. Class size: Arguments and evidence. In International Encyclopedia of Education, 3rd ed.; McGraw, B., Baker, E.,
Peterson, PP, Eds.; Elsevier: Oxford, UK, 2012.

Koc, N.; Celik, B. The Impact of Number of Students per Teacher on Student Achievement. Procedia Soc. Behav. Sci. 2015, 177, 65-70.
[CrossRef]

Chingos, M.M.; Whitehurst, G.J. Class Size: What Research Says and What It Means for State Policy; Brookings: Washington, DC, USA,
2011. Available online: https:/ /www.brookings.edu/research/ class-size-what-research-says-and-what-it-means-for-state-policy /
(accessed on 1 January 2021).

Bray, M. The Costs and Financing of Education: Trends and Policy Implications; Asian Development Bank: Manila, Philippines;
Comparative Education Research Centre: Hong Kong, China, 2002.

Gould, E.; Whitebook, M.; Mokhiber, Z.; Austin, L. Breaking the Silence on Early Child Care and Education Costs: A Values-Based
Budget for Children, Parents, and Teachers in California; Economic Policy Institute: Washington, DC, USA, 2019. Available online:
https:/ /files.epi.org/pdf/170307.pdf (accessed on 27 January 2022).


http://doi.org/10.1016/0377-2217(78)90138-8
http://doi.org/10.2307/975424
http://doi.org/10.1177/0569434516688207
http://doi.org/10.1016/j.rser.2014.08.076
http://doi.org/10.1016/j.aej.2017.11.007
http://doi.org/10.1016/j.enpol.2015.02.012
www2.ed.gov/about/offices/list/opepd/ppss/reports.html
https://files.eric.ed.gov/fulltext/ED584614.pdf
http://doi.org/10.1016/0014-2921(95)00024-0
http://doi.org/10.1287/mnsc.30.9.1078
http://doi.org/10.1016/0377-2217(91)90331-O
http://doi.org/10.1016/j.sbspro.2015.02.335
https://www.brookings.edu/research/class-size-what-research-says-and-what-it-means-for-state-policy/
https://files.epi.org/pdf/170307.pdf

Mathematics 2022, 10, 1449 14 of 14

51.
52.

53.

54.

55.

56.

Hanushek, E.A. The impact of Differential Expenditures on School Performance. Educ. Res. 1989, 18, 45-51. [CrossRef]
Ariyarathne, S. Factors Affecting on Student Test Scores (ST306). Doctoral Dissertation, University of Peradeniya, Peradeniya, Sri Lanka,
4 December 2013.

Fakharzadeh, T. Budgeting and Accounting in OECD Education Systems: A Literature Review. In OECD Education Working
Papers; No. 128; OECD Publishing: Paris, France, 2016. [CrossRef]

Glover, D. Financial management and strategic planning. In Managing Finance and Resources in Education; Coleman, C., Anderson, L., Eds.;
SAGE Publications: Thousand Oaks, CA, USA, 2000; pp. 117-132.

Greenwald, R.; Hedges, L.V,; Laine, R.D. The Effect of School Resources on Student Achievement. Rev. Educ. Res. 1996, 66, 361-396.
[CrossRef]

OECD. The Funding of School Education: Connecting Resources and Learning; OECD Publishing: Paris, France, 2017. Available on-
line: https:/ /www.oecd-ilibrary.org/docserver/9789264276147-en.pdf?expires=1603376521&id=id &accname=guest&checksum=
DA896037405C7463390B96BAD46357C2 (accessed on 2 April 2022).


http://doi.org/10.3102/0013189X018004045
http://doi.org/10.1787/5jm3xgsz03kh-en
http://doi.org/10.3102/00346543066003361
https://www.oecd-ilibrary.org/docserver/9789264276147-en.pdf?expires=1603376521&id=id&accname=guest&checksum=DA896037405C7463390B96BAD46357C2
https://www.oecd-ilibrary.org/docserver/9789264276147-en.pdf?expires=1603376521&id=id&accname=guest&checksum=DA896037405C7463390B96BAD46357C2

	Introduction 
	Literature Review 
	Efficiency 
	Productivity 
	Malmquist Productivity Index (MPI) 
	Financial Efficiency 
	Previous Research 

	Research Method 
	Subject of Analysis 
	Input and Output Variables 
	Data Analysis 

	Results 
	Descriptive Statistics 
	An Analysis of the Changes in the Malmquist Productivity Index 
	Impact Factors for the Improvement of Outputs 

	Discussion and Conclusions 
	References

