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Abstract: This study investigates the difference in service efficiency based on establishing entity and
outsourcing in 847 public libraries in Korea. The public libraries were categorized into three types
based on establishing entity and outsourcing, where Type 1 libraries are those established and directly
managed by the Office of Education under the central government, Type 2 libraries are established
and directly managed by local governments, and Type 3 libraries are established by local governments
and their operations are outsourced. Each library type was analyzed and compared using data
envelopment analysis (DEA), and results found that public libraries established by local governments
are more efficient than those established by the central government, while outsourcing operations
improved the efficiency of public libraries. Further analysis of the projection point and excess quantity
of input showed that the main cause of inefficiency for Type 1 libraries is the library area, and for Types
2 and 3, the number of periodicals. This study provides guidelines for the sustainable performance of
public library services based on the factors of foundation and operational patterns.

Keywords: outsourcing; sustainable performance; data envelopment analysis (DEA); efficiency;
public services

1. Introduction

The efficiency of public services has come under scrutiny since the late 1980s with the introduction
of new public management that emphasized the need to apply market principles such as competition
and operating performance to the public sector [1–5]. Public service refers to the distribution of social
benefits by the government designed to address social issues and establish greater equity [6] and
embodies the government’s efforts in reaching a goal or solving problems [7]. Public services are
characterized by the absence of rivalry and excludability, that is, the utilization of the services by one
individual does not reduce their consumption by others and the services are open to access without
exclusion of non-paying individuals. The establishing entity of the public service affects the degree of
non-rivalry and non-excludability in the public service [8,9], and typically, the central government
provides pure public services that strongly exhibit non-rivalry and non-excludability, whereas local
governments provide quasi-public services that weakly exhibit either non-rivalrous or non-excludable
qualities [10]. In this sense, the malleability in which market principles can be applied to public services
may depend on the degree to which the service needs to embody these two characteristics, which in
turn, may depend on the type of entity establishing the service, i.e., the central or local government.

Meanwhile, as a way to enhance public service efficiency, governments have begun to outsource
public services it previously provided directly by contracting with private institutions [11]. However,
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a few studies have so far been conducted on the relationship between outsourcing and efficiency.
While outsourcing public services is criticized for producing inefficiencies or for resulting in higher
expenditures incurred from the transaction with private entities that override intended cost savings [12],
other studies have reported that the outsourcing of public services increase efficiency [13,14], by ways
of optimizing the number of public servants to effectively reduce financial expenses [15,16] and
improving service quality through the import of the expertise, resources, and technology of the private
sector [17,18].

Therefore, the objectives of this study are to analyze the efficiency of public library services based
on the establishing entity and outsourcing. Specifically, the purpose of this study is to examine whether
the efficiency of public libraries will be higher if the government with more autonomy establishes
them in terms of the establishing entity, and outsourcing is made more in terms of operation. For such
a purpose, this study proposes the following three research questions. First, are public libraries
established by local governments more efficient than those established by the central government
in terms of the establishing entity (level of government)? Second, are public libraries outsourcing
operations to private institutions more efficient than those directly managed by the government in
terms of the method of operation (direct management or outsourcing)? Third, what are the drivers that
improve the efficiency of public library services, and how can the efficiency be improved?

To shed light on the research questions posed above, 847 public libraries currently operating in
Korea were categorized based on two factors: the organization or agency that established them in the
first place, a factor that we call “establishing entity”, and based on outsourcing used by the library.
This classification scheme yielded three groups of public libraries: (1) libraries established and directly
managed by the Office of Education (Type 1), (2) libraries established and directly managed by the
local government (Type 2), (3) libraries established by the local government and whose operations are
outsourced to private institutions (Type 3).

An efficiency analysis was conducted using the data envelopment analysis (DEA) method, and the
results presented three main implications. First, public libraries established by quasi-public institutions
(Types 2 and 3) are more efficient than those by pure public institutions (Type 1). Second, public libraries
whose operations were outsourced to private institutions (Type 3) are more efficient than those under
direct management of the public institution (Types 1 and 2). Third, the main cause of inefficiency for
Type 1 is the library area, whereas for Types 2 and 3, it is the number of periodicals.

This paper is organized as follows. Following the introduction in Section 1, Section 2 lays out
the theoretical background on the categorization of public libraries and the analysis method used in
this study. Section 3 provides the details of the methodology used, including the input and output
variables used in conducting DEA. Section 4 presents the results of the analysis for each type as
well as comparisons among the types for causes and degrees of inefficiency to suggest guidelines for
improvement. Lastly, Section 5 summarizes and outlines the implications and limitations of this study.

2. Literature Review

2.1. Public Library Types Based on Establishing Entity and Outsourcing

Public services can be divided into pure public services typically provided by the central
government and quasi-public services provided by the local government, where quasi-public services
exhibit weaker non-rivalry and non-excludability, thus possibly better allowing the application of
market principles compared to pure public services. In the case of Korea, public libraries performing
pure public services are established by the Office of Education on the central government level,
while those providing quasi-public services are established by local governments. The difference in
establishing entity can influence the relative efficiency of public libraries due to the different nature
of the central and local governments: pure public services are uniformly distributed across regions
regardless of their needs, while quasi-public services are offered to meet specific local needs. The local
focus of quasi-public services makes it easier to collect accurate information on the costs and benefits of
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supplying services, and thus, it has been suggested that local governments can provide public services
more efficiently through more sound decisions [19].

In terms of method of operation, public libraries are operated either by direct management of the
establishing entity or through outsourcing to private institutions. Outsourcing generally refers to the
delegation of specific authorities to perform certain tasks to an external firm [20,21]. Private contracting
not only gives the authority to perform selected tasks, but also the overall management of the
organization to an external firm [22]. The decision to outsource daily operations at public libraries
depends on how the establishing entity interprets the nature of library operations. For instance, in the
case of Korea, the Office of Education sees library operations as requiring supervision by librarians,
and thus has its public libraries directly managed by librarian staff who are employed as public servants
under the Office of Education. On the other hand, local governments outsource tasks that do not
require provision by librarians, such as public facilities and operations management and clerical work
to private institutions. These private institutions can be cultural centers, corporate bodies, or private
firms. Of the library types in Table 1, Type 3 is whose operations are outsourced to reduce operation
costs and increase library service efficiency, by delegating tasks which do not need the regulation
and supervision of the government, while the local government oversees the management of the
overall organization.

Table 1. Categorization of public libraries in Korea.

Number of Libraries Establishing Entity Method of Operation

Type 1 232 Office of Education Direct management
Type 2 452 Local government Direct management
Type 3 163 Local government Outsourced to private institutions

2.2. Methods for Efficiency Analysis of Public Library Services

As public services often lack a priori information on appropriate production technology and
price, most studies on analyzing public library services have used non-parametric frontier methods.
As shown in Table 2 below, the main analysis methods used in existing literature are free disposal hull
(FDH) and data envelopment analysis (DEA), both of which are nonparametric frontier methods [23].
Both methods have their strengths and weaknesses in efficiency analysis. FDH imposes the least
amount of restrictions on the data, as it only assumes the free disposability of resources and the strong
disposability of outputs, which, respectively, allows the decision making units (DMUs) to use more
inputs than technically necessary to produce a certain level of output and to generate less output than
technically possible with a certain amount of resources.

On the other hand, DEA holds the assumption that linear combinations of the observed
input-output bundles are feasible. Hence, it assumes the existence of a convex production frontier that
is not required in the FDH. This makes DEA stricter than FDH, meaning that fewer DMUs will be
found fully efficient and the efficiency scores will be lower [24–26]. The advantages of utilizing DEA
are that, first, it measures the relative efficiency among DMUs based on multiple input and output
variables [27–29], and second, it can provide information not only on overall efficiency, but also on
inefficient factors and the reference sets that can be used for benchmarking [30].

Previous research provides a clear guideline on which analysis method better meets the purposes
of this study. Stroobants and Bouckaert [30] analyzed the efficiency of four local public library
services in Flanders, using both FDH and DEA for implications on the benchmarking and performance
objectives. They found that public libraries considered efficient using the DEA method were also
efficient when using FDH but not vice versa. Thus, DEA can be considered the more appropriate
method to investigate the relative efficiency of public library services.
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3. Methodology

3.1. Analysis Method

As can be seen from Appendix A, DEA is a non-parametric approach based on linear programming
first introduced by Charnes et al. [31] for assessing the relative efficiencies of a set of DMUs in operations
research [32]. This methodology has been applied to various areas [33–35], including the public sector.
DEA is divided by assumption of return to scale into the CCR (Charnes-Cooper-Rhodes) model
assuming constant returns to scale (CRS) and the BCC (Banker-Charnes-Cooper) model assuming
variable returns to scale (VRS). Therefore, the CCR model is appropriate for analyzing cases where all
DMUs are operational in their optimum scale. However, the nature of public services dictates that it
is very much unlikely for non-profit public libraries to accomplish its optimum scale in reality [36].
Moreover, since the BCC model focuses on finding the extent to which the scale of operations affects
productivity [37], it is more suitable for this study than the CCR model. The standard BCC model
assuming VRS formulated in Equation (1) standard BCC model [38] below.

Maximize h0(Efficiency of DMU0) =
∑m

i=1 ui yi0+u0∑s
r=1 vrxr0

s.t.
∑m

i=1 ui yi j+u0∑s
r=1 vrxrj

≤ 1 , j = 1, 2, 3, · · · , n

ui ≥ ε > 0 , i = 1, 2, 3, · · · , s
vr ≥ ε > 0 , r = 1, 2, 3, · · · , m

(1)

u0= scale indicator
ui = weight assigned to the ith output, vr = weight assigned to the rth input
yi j = amount of ith output of DMU j, xrj = amount of rth input of DMU j

ε = non−Archimedean number, n = number of DMU
m = number of input variables, s = number of output variables

The equation in Equation (1) is a non-linear objective function with non-convex constraints, and so
it is possible to convert the equation into the linear programming problem in Equation (2) linear
programming problem:

Maximize h0 =
m∑

i=1
uiyi0 + u0

s.t.
s∑

i=1
uiyi j −

m∑
r=1

vrxrj + u0 ≤ 0 , j = 1, 2, 3, · · · , n
s∑

i=1
uiyi0 = 1

ur ≥ ε > 0 , r = 1, 2, 3, · · · , m
vi ≥ ε > 0 , i = 1, 2, 3, · · · , s

(2)

As the equation for constraints in Equation (2) includes ≤, slack and surplus variables S+, S− can
be input in the equation to derive Equation (3) linear programming problem with slack and surplus
variables below:

Maximize h0 = θ

s.t.
n∑

j=1
λ jxrj + s−r = θ xr0 , r = 1, 2, 3, · · · , m

n∑
j=1

λ jyi j − s+i = yi0, i = 1, 2, 3, · · · , s∑m
i=1 λ j = 1.

s−i ≥ 0, s+r ≥ 0, λ j ≥ 0

(3)

The projection point in the BCC model can be found using the equation in Equation (4) linear
projection point below. By calculating the projection point, it is possible to deduce the reasons for
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inefficiency in public libraries and the benchmarks for improving the efficiency of current public
library services.

(x̂i0 , ŷr0) = Projection point o f (xi0 , yr0)

(1) Excess quantity o f input = xi0 − x̂i0
(2) Shortage o f output = yr0 − ŷr0

∗x̂i0 =
n∑

j=1
λ∗jxi j = θ∗xi0 − s−∗i , ∀i

ŷr0 =
n∑

j=1
λ∗jyrj = yr0 − s+∗r , ∀i

(4)

3.2. Selecting Input and Output Variables

Input and output variables in previous literature on the efficiency of library services are tabulated
in Table 2.

Table 2. Input and output variables in previous literature on library service efficiency.

Researcher Sample Method Input Output

Reference [23] 290 local public
libraries

DEA
& FDH

Personnel expenditures,
Operating expenditures,
Infrastructure

Opening hours per week,
Youth books,
Fiction and non-fiction
books,
Media

Reference [26] 68 university
libraries DEA

Number of employees,
Total number of book
materials

Number of book materials
added,
Total circulation,
Number of serial
subscriptions

Reference [39] 23 university and
college libraries DEA

Library staff,
Book acquisition
expenditure,
Book collection,
Area of library space,
Seating capacity

Reader visits,
Book circulation,
Reference and on-line
research,
Annual service hours,
Reader satisfaction,
Inter-lending service

Reference [40] 184 public libraries DEA

Total holdings of all items
(books, audio-visual,
maps, etc.),
Total hours of operation
per week,
New books purchased,
Total serial subscriptions
currently active

Annual total circulation of
all library materials,
Number of reference
questions answered

Reference [41] 47 public libraries DEA

Book collection,
Library staff,
Days open,
Operating expenses

Book circulation,
Reader visits,
Reference transaction

Reference [42] 168 local public
libraries DEA Gross library expenditure Number of library issues

Reference [43] 99 public library
systems DEA

Total opening hours per
week,
Number of books and
audio-visual material,
Acquisitions of new
material,
Number of serial
subscriptions

Total number of items used
to borrowers over the year,
Number of enquiries
processed,
Number of requests
processed
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Table 2. Cont.

Researcher Sample Method Input Output

Reference [44] 20 central public
libraries DEA

Yearly acquisition
expenditures,
Yearly salary expenditures,
Collection size,
Floor area

Number of readers,
Number of loans

Each of the variables is defined in this study as follows. For the input variables, the number
of employees is the number of full-time and part-time staff working at the library, and includes
librarians, administrative staff, and computing staff who are employed as certified librarians. Material
budget refers to the total expenditure for all resource materials, including books, magazines and
periodicals, electronic materials, and media resources; and library area refers to the total area of the
library, including the land the library occupies and the total floor area. The number of books is the total
of all domestic and foreign publications; business hours are the daily hours of service from opening
to closing; and the number of periodicals is the total of all domestic and foreign periodicals. For the
output variables, the number of books borrowed is the total number of books taken out by library
users regardless of topic or field; the number of users is the total number of visitors to the library
and its archives; and the number of reference service users refers to the number of people who have
made requests to the library for its information service. A correlation analysis was conducted for
both the input and output variables to delete variables that are highly correlated for an economical
use of variables without any loss of information, as suggested by Lewin et al. [45]. The results of the
correlation analysis on the input and output variables are shown in Tables 3 and 4.

Table 3. Correlations analysis (input variables).

Input X1 (NE) X2 (MB) X3 (LA) X4 (NB) X5 (BH) X6 (NP)

X1 (NE) 1
X2 (MB) 0.335 ** 1
X3 (LA) −0.003 0.150 ** 1
X4 (NB) 0.356 ** 0.702 ** 0.088 ** 1
X5 (BH) 0.114 ** 0.258 ** 0.088 ** 0.241 ** 1
X6 (NP) 0.278 ** 0.196 ** 0.008 0.259 ** 0.051 1

Note: ** p < 0.01; NE: Number of Employees, MB: Material Budget, LA: Library Area, NB: Number of Books; BH:
Business Hours, NP: Number of Periodicals.

Table 4. Correlations analysis (output variables).

Output Y1 (NBB) Y2 (NU) Y3 (NRSU)

Y1 (NBB) 1
Y2 (NU) 0.847 ** 1

Y3 (NRSU) 0.340 ** 0.324 ** 1

Note: ** p < 0.01; NBB: Number of Books Borrowed, NU: Number of Users, NRSU: Number of Reference
Service Users.

As can be seen from Tables 3 and 4, the coefficient between the input variable of X2 (MB) and
X4 (NB) and the output variable of Y1 (NBB) and Y2 (NU) were 0.702 and 0.847 respectively, with a
significance level of 0.01. In accordance with the criteria provided by Lewin et al. [45], among the
variables that were close to 1, X2 (MB) and Y1 (NBB), namely, material budget and the number of books
borrowed, were eliminated.

Based on the prior studies and correlation analysis, this study initially employed five input
variables and two output variables in Table 5. These input and output variables were chosen to reflect
how much the public library is utilized by the public.
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Table 5. Selection of input and output variables.

Category Variable Related Studies

Input

Number of employees (NE) References [29,39,41]
Library area (LA) References [23,39,44]
Number of books (NB) References [29,39–41,43,44]
Business hours (BH) References [40,41,43]
Number of periodicals (NP) References [40,43]

Output Number of users (NU) References [39,41,44]
Number of reference service users (NRSU) References [39–41]

3.3. Data Collection

The input and output data in Table 6 were collected from Korea’s National Library Statistics
System, a statistical database managed by the Ministry of Culture, Sports and Tourism, for the year
2013. In the past, library statistics in Korea were difficult to ascertain due to various factors such as the
diversification of library operating institutions and insufficient related policies. The National Library
Statistics System, which was created to solve these difficulties, collects library data for all regions in
Korea every year. It provides comprehensive statistical information to check the current status of
domestic libraries, and has established a systematic collection, operation, and provision system of
statistical information for each library type, in order to maintain the consistency of library statistics and
improve the reliability of library data. It currently collects and publishes various areas such as basic
library information, collection materials, facilities, human resources, budget status, usage and users,
services for the disabled and children, and electronic services of libraries. It also categorizes them
into national libraries, public libraries, school libraries, university libraries, and specialized libraries,
and provides data by subdividing them into establishment entity. It provides reliable library statistics
and stands up to scientific scrutiny by integrating individual statistical surveys. The descriptive
statistics of the collected data is summarized in Table 7.

Table 6. Data collection standards.

Factors Standards Units

X1 (NE) Regular workers, non-regular workers and administrative staff Person/year
X3 (LA) Required site area m2

X4 (NB) Domestic and foreign books Books
X5 (BH) Business hours per week Hours/week
X6 (NP) Domestic and foreign periodicals Books
Y2 (NU) Users of public library services Person/year

Y3 (NRSU) Users of reference service Person/year

Table 7. Descriptive statistics of input and output data.

Input Data Output Data

X1 (NE) X3 (LA) X4 (NB) X5 (BH) X6 (NP) Y2 (NU) Y3 (NRSU)

Average 324 6872 97,075 71 170 563,172 266,254
Median 37 2661 71,496 70 65 335,480 263,283
St. dev. 800 33,443 83,473 17 597 648,150 166,050

Max 11,610 946,887 735,826 137 13,915 4,532,304 668,415
Min 2 107 5535 41 0 2340 10,524

Source: www.libsta.go.kr.

www.libsta.go.kr
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4. Results

4.1. DEA Results

4.1.1. Efficiency Score

From the pure technical efficiency and scale efficiency results in Table 8, the percentage of efficient
libraries were shown to be the lowest for Type 1 at 3.45%, with higher percentages found for Type
2 at 10.40% and Type 3 at 27.00%. When pure technical efficiency is higher than scale efficiency,
inefficiency is mainly caused by economies of scale. Type 1 showed higher scale inefficiency (61.64%)
to operational inefficiency (34.91%), while Types 2 and 3 both exhibited lower scale inefficiency to
operational inefficiency, which were 41.59 to 48.01% and 28.83 to 44.17%, respectively. These results
suggest that 61.64% of the libraries in Type 1 suffer from scale inefficiency, which can be improved by
increasing the utilization of employees, library area, books, business hours, and periodicals. As public
libraries established by the Office of Education (Type 1) have larger scale inefficiency compared to
those established by local governments (Types 2 and 3), it is necessary for the Office of Education to put
more consideration in the appropriate size and scale for its future library construction. On the other
hand, lower pure technical efficiency to scale efficiency represents operational inefficiency. Therefore,
Types 2 and 3 require a strategic approach to improve operational efficiency.

Table 8. Efficiency score (VRS).

Type
PTE > SE PTE < SE PTE = SE

Total
Scale Inefficiency Pure Technical

Inefficiency Efficiency

Type 1 143 (61.64%) 81 (34.91%) 8 (3.45%) 232 (100%)
Type 2 188 (41.59%) 217 (48.01%) 47 (10.40%) 452 (100%)
Type 3 47 (28.83%) 72 (44.17%) 44 (27.00%) 163 (100%)

Note: PTE: Pure Technical Efficiency, SE: Scale Efficiency

4.1.2. Bootstrap DEA

To measure the robustness of the data, bootstrap DEA was adopted following Simar and Wilson [46]
to estimate the distribution of the efficiencies of the public libraries. The steps for bootstrap DEA listed
below were performed 2000 times in this study [47].

(1) Calculating the pure technical efficiency score ∅̂k on individual DMU by searching for the
efficiency score of standard DEA model.

(2) Random sample generating in the size M from {∅̂k (k = 1, 2, 3, · · · , M)
}

to utilize a kernel density

estimation to calculate
{
∅∗1b ,∅∗2b,∅∗3b, · · · ,∅∗Mb

}
.

(3) Calculate {(xk, y∗kb), k = 1, 2, 3, · · · , M
}

as pseudo data set to generate reference bootstrapping.

(4) Estimating bootstrap efficiency ∅̂∗kb (k = 1, 2, 3, · · · , M) of pure technical efficiency score of each
DMU, ∅̂k (k = 1, 2, 3, · · · , M), by searching the values of a bootstrap model.

(5) In order to gain the bootstrap efficiency estimation {∅̂∗kb (b = 1, 2, 3, · · · , A)
}
, it is repeatedly

calculated A times (A is a larger number). Hall [48] suggests A = 1000 to ensure the proper level
of the confidence interval, and Simar and Wilson [46] suggest A = 2000.

As can be seen in Figure 1, the majority of Type 3 libraries (green line) are located in the high
efficiency area, compared to Type 2 libraries (black line), which show a level pattern and Type 1 libraries
(dotted line) that are in the low efficiency area. Therefore, the efficiency of Type 3 is highest, followed
by Type 2 and Type 1 in order.
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4.2. Efficiency Differences

To compare the mean difference among library types based on establishing entity and outsourcing,
this study conducted the Mann–Whitney U Test, one of the most representative nonparametric
verification methods. In addition, the study calculated the mean rank of W for the Wilcoxon signed
rank test to verify which type has higher mean efficiency.

First, the Mann–Whitney U test results on efficiency distribution based on establishing entity
showed that a statistically significant difference at the 0.05 level existed between Type 1 and Types 2,
3 (Mann–Whitney U = 88,411, Wilcoxon W value = 277,831). Moreover, the results of the Wilcoxon W
Test showed that the mean rank for Type 1 was 350.42, which was lower than the mean rank value of
Types 2 and 3 (451.76). These results imply that the efficiency of public library services can be improved
by having the central government provide budget to the local government rather than establishing
public library services directly, so that local governments can take the lead in providing public library
services within their districts.

Second, the Mann–Whitney U test on whether different methods of operation affect the efficiency
distribution revealed a statistically significant difference at the 0.05 level between Types 1, 2 and Type 3
(Mann–Whitney U = 76,376, Wilcoxon W value = 89,742). The Wilcoxon W Test showed a mean rank
of 393.84 for directly managed libraries (Types 1, 2) and a mean rank of 550.56 for outsourced libraries
(Type 3), indicating that outsourcing improves the efficiency of public library services.

4.3. Cause of Inefficiency and Improvement Plan

Generally, the measurement of efficiency involves distance measurement between the observed
value and the target value which references an ideal point. Therefore, to calculate the excess quantity
of input, this study utilized the projection point, which is calculated using the equation shown in
Equation (4). The averages listed in Table 5 are the actual average values of the raw data, the values
given as ‘projection’ are the values for the projection points, and the values in ‘plan’ are the amount of
input that needs to be reduced for the public library services of each type to be efficient.

The results in Table 9 show that in the case of X1 (number of employees), which is related to library
operation, all types need to reduce by about 40% to achieve more efficient service provision, while for
X3 (library area), which is related to library establishment, Type 1 needs to make a reduction of 60%
from the current state. This result shows that most of the inefficiency in Type 1 is caused by the fact that
these libraries are generally of a larger area and scale than those of Type 2 and Type 3. The inefficiency
caused by the excess in X4 (number of books) was highest in Type 1 followed by Type 2 and Type
3, which shows that Type 1 is also inefficient in terms of the number of domestic and foreign books,
and the same results were found for X5 (business hours) as well. The inefficiency caused by the excess
of X6 (number of periodicals) was found to be high in all types, but, for Types 2 and 3 in particular,
the inefficiency due to the excess of this input was especially high, so these types need to be improved.
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Table 9. Excess quantity of input and projection point.

X1 (NE) X3 (LA) X4 (NB) X5 (BH) X6 (NP)

Type 1
Average 497 5327 133,876 71 307

Projection 286 2135 57,771 48 146
Plan −43% −60% −57% −32% −53%

Type 2
Average 201 8899 93,973 73 121

Projection 122 4466 52,023 52 49
Plan −40% −50% −45% −28% −59%

Type 3
Average 446 4116 59,878 71 128

Projection 266 1959 42,777 57 55
Plan −40% −52% −29% −20% −57%

To give a clear understanding of the degree of inefficiency, the excessive quantity of input that
needs to be reduced to reach an efficient DMU was examined. For example, the most inefficient DMU
in Type 1 was DMU 112 and needs to reduce by 490 employees (60.66%); it also should have been built
about 2610 m2 (72.93%) smaller, should buy 91,000 less books (63.61%), needs to reduce 70 business
hours per week (60.66%) and cut 400 periodicals (60.66%), in order to be efficient. The most inefficient
DMU in Type 2 is DMU 436. It needs to let go 189 employees (62.32%), should have been 10,600 m2

(77.91%) smaller, and should have bought 187,000 less books (73.89%), needs to reduce 85 h of operation
per week (62.32%) and unsubscribe from 81 periodicals (62.32%). Lastly, for Type 3, its most inefficient
DMU 738 needs to reduce by 179 employees (59.65%), and should have been built 4814 m2 (76.35%)
smaller, bought 21,000 less books (59.65%), reduce 70 business hours per week (59.65%), as well as cut
45 periodicals (59.65%).

5. Discussion

This study aimed to analyze whether the efficiency of public library services demonstrates any
difference depending on its establishing entity and outsourcing. Overall, 847 public libraries were
categorized into three types, and DEA was employed using 5 input variables and 2 output variables
which were chosen through careful literature review and correlation analysis.

The results of this study have several implications. First, this study contributes to the literature on
efficiency of public services by looking into the difference in efficiency at public libraries caused by
establishing entity. The analysis results showed that public libraries of Types 2 and 3 were overall more
efficient than those of Type 1. In particular, Type 1 established by the central government exhibited
high scale inefficiency and thus, needed to decrease the usage of input variables for improvement [19].
On the others, Types 2 and 3 established by local governments showed high pure technical inefficiency,
so they should devise strategic ways to improve operational efficiency. The results of this study
can be interpreted based on those of previous studies that classified public services into pure public
services and quasi-public services based on the establishing entity, and revealed that the degree of
non-rivalry and non-excludability differed depending on the type of public services [8–10]. While pure
public services provided by the central government have strong non-rivalry and non-excludability,
quasi-public services provided by local governments have weak non-rivalry or non-excludability.
Meanwhile, the nature of public services, such as non-rivalry and non-excludability, impedes the
efficiency that produces maximum outputs out of minimum inputs [49,50]. Thus, the results of this
study are in line with those of previous studies, suggesting that Type 1 providing pure public services
is more inefficient than Types 2 and 3 providing quasi-public services.

Second, the analysis results revealed that public libraries of Types 3 were the most efficient among
three types. Type 3 is operated by private institutions through outsourcing. As in the results of this
study, it is common that the outsourcing of public services has a positive effect on efficiency [17,51],
but consensus on this has not yet been reached [13,52]. Pollitt and Bouckaert [53] pointed out that
outsourcing of public services is not consistently significant, and Krugman [54] noted that outsourcing
of public services is difficult to provide continuously with high quality and low cost. In addition,
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Hart et al. [55] mentioned that outsourcing deteriorates the quality of service provision, and Quiggin [56]
insisted that outsourcing negatively affects the employment conditions of public service workers.
However, similar to the results of this study, there are various examples of the success of outsourcing
of public services [13–18,57]. Jensen and Stonecash [58] conducted a literature study on these various
cases and pointed out that contract and efficiency are related. In this study, three types of contracts for
the operation of public libraries in Korea were presented, and the effectiveness of these was analyzed.
It is significant that through this, we discussed what type of contract is the most efficient alternative to
public library services in Korea.

Third, further analysis was conducted for nonparametric verification, where the differences in
efficiency by establishing entity and outsourcing were tested using the Mann–Whitney U test and
Wilcoxon W test, and to derive the projection point of input variables. The results of the Mann–Whitney
U test and Wilcoxon W test showed that outsourcing, as opposed to direct management, enables
more efficient operations at public libraries. Meanwhile, the calculation of the projection points for
each input variable provided information on the excess quantity of inputs that need to be reduced to
achieve operational efficiency; and it was found that libraries established by pure public institutions
are generally of larger area and size than those by quasi-public institutions, leading to inefficiency.
Through these findings, a guideline on the optimum size for future public libraries to achieve the
sustainable performance was suggested. An analysis of the most inefficient DMUs in each type
additionally provided guidelines for the achieving efficiency in public library services.

The limitations of this study are as follows. First, this paper primarily deals with public libraries
operating within Korea. Therefore, these findings may not be applicable to all countries. Previous
studies have pointed out that major causes for inefficiency at public libraries can differ by country [29,44],
which suggests that future research will benefit from expanding DMUs to include public libraries in
multiple countries. It is possible to find an appropriate contract type by examining the contract types
of libraries in each country, analyzing the efficiency, and comparing them.

Second, in the analysis using DEA, it is necessary to have homogeneity between DMUs. Thus,
public libraries examined in this study were limited to those established by the government and
providing public services to adults. For this reason, privately established libraries for the public or
children’s libraries with specific target users were excluded from the analysis. We hope to further
expand this research in the future by incorporating more diverse types of public libraries as DMUs.

Lastly, although the findings of this study show that public libraries providing pure public services
are most inefficient, it must be noted that the nature of public services need to prioritize public interest
over profit or efficiency. Outsourcing public services can make it difficult to provide sustainable
services with high quality and low cost [54], and may have a negative impact on the employment
conditions of workers [56]. Therefore, it is necessary to make strategic and operational decision-making
on outsourcing of public services, taking into account the wider impact of outsourcing [59]. Therefore,
whether certain variables should be weighted to reflect the nature of public services should be
considered in future studies.

6. Conclusions

For the sustainable performance of public library services, public libraries need to utilize internal
resources efficiently. Accordingly, many public libraries are making efforts to improve the efficiency.
However, since public services have non-rivalry and non-excludability as their nature, it is difficult to
increase efficiency to the level of private services, and outsourcing that operation is consigned to private
institutions is considered a representative way to improve efficiency. Although some previous studies
have discussed the relationship between outsourcing and efficiency, these studies have presented
somewhat contradictory conclusions [12–18]. Therefore, the objectives of this study are to analyze the
efficiency of public library services based on the establishing entity and outsourcing.

Public library services are classified into Type 1, Type 2, and Type 3 according to the establishing
entity such as the central government or local governments, and the method of operation such as
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direct management or outsourcing. The results regarding the research questions of this study are
summarized as follows. First, public libraries established by local governments (Types 2 and 3) are
more efficient than those established by the central government (Type 1) in terms of the establishing
entity. Second, public libraries outsourcing operations to private institutions (Type 3) are more efficient
than those directly managed by the government (Types 1 and 2) in terms of the method of operation.
Third, depending on the type of public libraries, the drivers that improve efficiency were shown to
be different. Specifically, in the case of Type 1, the library area, and in the case of Types 2 and 3,
the number of periodicals should be reduced. This study contributes to the literature on efficiency
of public services in that it examined the establishing entity that previous studies did not pay much
attention to. In addition, this study provides very meaningful results for strategic and operational
decision-making regarding outsourcing in that it has dealt with controversial issues on the relationship
between outsourcing and efficiency. Finally, specific guidelines on what inputs public libraries should
reduce to improve efficiency are presented. Through this, this study is expected to contribute to
achieving the sustainability of public services.

Author Contributions: Conceptualization and data collection, C.K.; literature review, H.K.; methodology, C.K.
and K.C.; writing—original draft preparation, C.K. and H.K.; writing—review and editing, C.K., H.K., and K.C.
All authors have read and agreed to the submitted version of the manuscript.
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Appendix A

The main analysis method used in this study, the input-oriented DEA model, looks at the
inefficiency occurring due to excess use of inputs by the DMU to produce its outputs. In the figure
below, the curve kk’ represents a firm that produces output X(q) efficiently, thus is the isoquant of the
various combination of product factors, while curve ww’ is the iso-cost curve under the given input
factors. By comparing DMUs D and C who utilize the input factors most efficiently based on cost
minimization, it is possible to find out the inefficiency of input factors. OC, the line connecting O and
C, show the input rate of DMU C, and here, inefficiency occurs when DMU C uses more input factors
than what is necessary in order to produce the same outputs as DMU B.
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If DMU C moves closer to point B along line OC in the figure, it is possible to maintain the initial
output level while maintaining the level of inputs. That is, DMU B can reduce the rate of input factors
used by C by the amount of BC in order to produce the same output, where the distance between BC
represents DMU C’s technical inefficiency. DMU C’s technical efficiency can be expressed by OB/OC,
and technical inefficiency as BC/OC. Thus, technical efficiency is expressed in a value between 0 and
1, where DMUs such as DMU B which are on the isoquant curve have a technical efficiency of 1,
which becomes closer to 0 when the amount of input per output unit increases.
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