Evaluating the Efficiency of Mobile Content
Companies Using Data Envelopment Analysis and
Principal Component Analysis

This paper evaluates the efficiency of mobile content
firms through a hybrid approach combining data
envelopment analysis (DEA) to analyze the relative
efficiency and performance of firms and principal
component analysis (PCA) to analyze data structures. \We
performed a DEA using the total amount of assets,
operating costs, employees, and years in business as
inputs, and revenue as output. We calculated fifteen
combinations of DEA efficiency in the mobile content
firms. We performed a PCA on the results of the fifteen
DEA models, dividing the mobile content firms into
those having either ‘asset-oriented’ or ‘manpower and
experience-oriented’ efficiency. Discriminant analysis was
used to validate the relationship between the efficiency
models and mobile content types. This paper contributes
toward the construction of a framework that combines
the DEA and PCA approaches in mobile content firms for
use in comprehensive measurements. Such a framework
has the potential to present major factors of efficiency for
sustainable management in mobile content firms and to
aid in planning mobile content industry policies.

Keywords: Mobile content, efficiency, DEA, PCA,
discriminant analysis, corrected ordinary least square.

Manuscript received July 19, 2010; revised Nov. 23, 2010; accepted Nov. 24, 2010.

This research was supported by the Ministry of Knowledge Economy (MKE), Rep. of
Korea, under the Information Technology Research Center (ITRC) support program
supervised by the National IT Industry Promotion Agency (NIPA-2011-(C1090-1111-0013)).

Eun Jin Cho (phone: +82 42 860 5159, email: ejcho@etrirekr) is with the Technology
Strategy Research Division, ETRI, Daejeon, Rep. of Korea.

Myeong Cheol Park (email: imcpark@kaist.ac.kr) is with the Department of Management
Science, KAIST, Daejeon, Rep. of Korea.

doi:10.4218/etrij.11.0110.0430

ETRI Journal, Volume 33, Number 3, June 2011

©2011 ETRI

Eun Jin Cho and Myeong Cheol Park

1. Introduction

The mobile content market has been emerging as a new
source of revenue with high growth potential, as demonstrated
by the recent success of smart phones from global companies,
such as Google and Apple, as well as the introduction of flat-
rate data services [1]. However, the mobile content market in
Korea has remained much the same since mobile content
services were first launched in 1999. In fact, there has actually
been a negative growth rate in the Korean mobile content
market. Moreover, the mobile content market environment is
highly complex, and the life-cycles of mobile contents and the
companies that create them are rather short. This situation has
motivated decision makers to evaluate the performance of
individual firms in order to determine whether a particular
business is sustainable. Nevertheless, there has been little
research related to assessing the performance of mobile content
firms. The studies in [2], [3] did evaluate the efficiency of
content companies but only as a subcategory of Internet firms.
Therefore, in this paper, we consider mobile content firms as
the sole subject for a performance evaluation.

Efficiency is a representative indicator in evaluating business
performance, and is measured based on the extent to which a
firm can produce maximum results given a minimum amount
of manpower, cost, and infrastructure resources [4]. The
evaluation of the business efficiency has become important for
improvement of their operations and new strategies to keep up
with competition [5]. Efficiency applied in business can be
measured as a comparative concept because there is no
theoretical maximum used as a benchmark.
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A data envelopment analysis (DEA) is a commonly used
nonparametric approach to evaluate efficiency. Recent studies
[2], [6] have presented a hybrid method involving both DEA
and principal component analysis (PCA) as a way to solve this
problem, and it is possible for various performance evaluation
models to be constructed by combining all possible inputs and
outputs. Multivariate analyses such as PCA and
multidimensional scaling are applied to DEA results to
illustrate the similarities and differences between various
models and firms.

We applied a DEA-PCA combinational framework to
measure the efficiency of mobile content firms. We designed
multiple DEA models from various combinations of inputs and
outputs. A PCA is applied to these multiple efficiency scores to
identify the different efficiency characteristics. Identification of
the efficiency fitness of each firm should yield insight into the
weaknesses and strengths of mobile content firms. We tested
the relationship between the type of efficiency and the type of
mobile content using a discriminant analysis. From the results
of this efficiency evaluation, we derived practical implications
for firms that may be useful for future efficiency improvement.
We tested the robustness of the DEA model by comparing the
efficiency results between parametric and nonparametric
methods, corrected ordinary least squares (COLS), and DEA.
The studies in [2], [6] used only one approach, DEA, with little
attention toward the consistency of efficiency measurements
from other approaches. We diverged from these previous
studies to enhance the reliability of our DEA results.

The rest of this paper is organized as follows: In section II,
we review the existing literature on the mobile content industry
and discuss related trends in Korea. We look into prior research
related to efficiency and provide a summary of the studies
applied to this subject. In section III, we describe the DEA
methodology used in this paper and introduce the fifteen
combinations of DEA models used in the analysis. In section
IV, the PCA and discriminant analyses we used are described,
and their results are provided. In the last section, we present our
conclusions and suggest possible directions for future research.

II. Literature Review
1. Mobile Content Industry

As the telecom market enters into a phase of maturity, a
slowdown in subscriber growth is pushing operators to seek
out new sources of revenue [7]. The mobile content market is
definitely one of the new potential revenue sources for telecom
operators [1], [8]. “Mobile Internet” refers to a service used to
download and use contents using mobile devices from any
location. “Mobile content” refers to digital content that can be
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set to mobile devices through a mobile communications
network [1], [9], [10]. Previous studies about mobile content
have mainly focused on new business models [11], content
developments [12], [13], and user behavior [14], [15]. There
are few studies about analysis of mobile content companies.

A. Characteristics of Mobile Content

The characteristics of mobile contents can be examined from
the perspective of service supply and service use [16]. From the
perspective of service supply, mobile content is provided through
a complex ecosystem [17]-[20], which comprises 4 stages;
namely, Content, Platform, Network, and Terminal. Content
providers send content to customer terminals connected to
mobile Internet through distribution channels such as internal
web portals operated by a mobile communications company or
external web portals operated by companies other than mobile
communications companies [10]. Content providers are
significantly influenced by platform operators and network
operators. Compatibility with different platforms must be
incorporated into the production of content [13].

The characteristic of mobile content use is the lack of
temporal and spatial restrictions, which is ideal for short-term
entertainment and the speedy proliferation of mobile content.
Mobile content provides great mobility and convenience as
mobile terminals are used for communications. However, it is
also the restrictions on the use of mobile terminals that create
the mobile content market’s unique characteristic. Due to the
larger number of physical restrictions when compared to the
conventional computing environment, such as short session
playtimes, large latency periods, small screens, and limited
input options, the conversion of wired content for use in the
mobile environment is limited [15], [21].

B. Businesses Model of Mobile Content

Mobile content revenue models are diversely applied: A fee
can be charged for a single access or purchase of contents; a
membership fee can be charged for a set duration; or content
can be provided for free using advertising revenue. In general,
companies charge users a fee for any access or purchase of
content. Users also pay a fee for the use of mobile Internet
networks. Recently, fee packages combining mobile Internet
fees and mobile content fees have become available [10].

According to [2], content providers are categorized as
Internet companies. An Internet company encompasses a
variety of business models, including the search engine service,
web portal service, content, communities, and e-tailor. In the
case of the search engine and web portal services, most of the
revenue is generated through advertising; in the case of content
and communities, membership fees and content charges
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generate revenue; and, in the case of e-tailor, the sale of
physical or digital products generates revenue. This research
examines the mobile content provider which generates
revenues by charging users a fee to download and use content.

C. Bypes of Mobile Content

Types of the most common mobile content include
edutainment, games, video, news, transport information, and
adult entertainment [10]. Japanese mobile content categorizes
ringtones, mobile games, fancy e-mail, and electronic books. In
particular, mobile music content is further divided into various
types. This shows that mobile music contents account for the
biggest portion of the Japanese mobile content market [22].
Korean mobile content is divided into games, broadcasting,
information, music, distribution, and solutions [23]. Music,
games, and information are commonly used mobile content.
The level of use of each mobile content type differs in various
countries.

The authors of [24], [17] divide mobile content into creative
content and processed information based on creativity.
Processed information is a type of mobile content that has been
converted from contents used on other media. Creative content
is content developed specifically for the mobile environment.
Although the boundary between these two types is not clear,
any mobile content is deemed to fall into either category when
showing one of the aforementioned two characteristics. While
creative content that uses new technologies, such as sensor
technology, recognition, LBS, and augmented reality are being
developed, their development is still at an early stage, and the
majority of existing mobile content is processed information.
Creative content that has been commercialized includes mobile
games and LBS services. Processed information content has
been responsible for the initiation of the mobile content market,
their added value is not significant, and it is creative content
that is expected to be the core revenue source among mobile
networks in the future.

D. Overview of Korean Mobile Content Market

The revenues in the Korean mobile content market in 2008
reached KRW 640 billion (USD 840 million)a 10.5%
decrease from the previous year—and the market has been
stagnant since 2006. The Korean mobile content market is
primarily comprised of music, games, and information content,
which accounts for 75% of the total mobile content revenues.
Also, mobile music and mobile games are dominated by a
small number of companies. There are 6 mobile game
companies with revenue higher than KRW 5 billion (USD 6.6
million), while those with revenue figures lower than KRW 1
billion account for 70% of the entire mobile game market. The
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mobile music market is also led by 5 companies.

Meanwhile, in the overall global market, mobile Internet
claims a 24.4% share and has been growing at an average rate
of 6.4% annually [25]. Thus, when compared to the rest of the
world, the growth of the Korean mobile content market clearly
appears to be performing poorly at both the telecom operator
and government levels. This calls for a re-stimulation of
demand.

In March 2009, the Korean government unveiled a stimulus
plan for the mobile Internet and content market, which is
currently being implemented [1]. Over 5 years, the Korean
government is set to providle KRW 10 billion (USD 13.2
million) in support of the development of mobile content.
There is a need for a performance analysis of mobile content
companies to enhance their ability to distribute limited
resources. By comprehensively analyzing individual mobile
content companies’ performance, effective mobile content
support policies can be set.

2. Efficiency Evaluation and Applied Research

The evaluation of business efficiency has become important
for improvement of their operations and new strategies to keep
up with competition [4], [5]. With efficiency being one of the
main indicators of a company’s performance, such an
evaluation must determine how efficiently such firms manage
their technology, assets, and costs and must examine other key
performance-related factors so that a better business strategy
can be devised for future implementation. The first evaluation
model based on a DEA framework was developed by Charnes,
Cooper, and Rhodes in 1978 and was named the CCR model
[26], [27].

A DEA is an optimized evaluation framework in which
efficiency is measured for each decision-making unit (DMU)
by using its input-output data and calculating its weight. The
efficiency of a DMU,6, is 0 < < 1. A 8 of 1 indicates full
efficiency. The CCR model implemented in this study is in an
input-oriented, constant-returns-to-scale, envelopment DEA
form [27], which can be written as

s
Z r=1 UYro

max g, =-—=— , )]
i Vi%io
2ty
1 Y .
st=———-—-<1, j=1..,N,
i:lvixij
u,v, 20, r=1..8, i=1,.,M,

where @is the efficiency, x; is the value of input i for decision-
making unit j, j, is the company whose efficiency is being
assessed, y; is the value of output » for decision-making unit 7,
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and u,and v, are the relative input and output weights.

With DEA models, it is possible to simultaneously consider
more than one input or output. Furthermore, these models use
nonparametric approaches in which the assumption of a
production function is unnecessary, but it is impossible to test
the goodness of fit of the model. An alternative approach for
measuring relative efficiency of decision-making units is to use
statistical methods to estimate the best practice frontier and
efficiency scores [28]. The COLS method is based on
regression analysis [29]. The use of different methods can
make up for the weak point of DEA that it is impossible to test
hypothesis concerning the performance of the model [30].

DEA is used in wide-ranging fields, from public services to
the financial and telecommunications sectors [4], [22]. Related
research into the efficiency of content firms has been
conducted on dot-com firms and Internet companies [2], [3],
and such studies employing a DEA method include [2], [3], [6],
[30], [32]. The authors in [30] compared ‘digital’ dot-com
companies and ‘physical’ dot-com companies in terms of the
effect of IT investment on output. The authors of [32] assessed
the e-business performance of retail companies using their
financial data from 1997 to 2000. They used a super-efficiency
analysis to compare the performance of both pure and partial
Internet firms. The study in [3] compared firms selling physical
goods and those selling digital products in an efficiency
evaluation of Internet companies. The authors in [2] used a
hybrid DEA-PCA method to evaluate the efficiency of Internet
companies. Multivariate analysis on these results presented
some overall efficiency models, revenue-related efficiency
models, and efficiency models based on unique visitors. It was
shown that there are significant differences between e-tailors,
and non-e-tailors in terms of efficiency. The authors in [6] also
applied a hybrid DEA-PCA approach in their efficiency
evaluation of Taiwanese online banking firms. The study
provided 45 DEA results and divided the firms into cost-
oriented and Internet-oriented companies through multivariate
analysis. Table 1 shows a summary of the efficiency studies
applied to dot-com companies.

Previous studies about efficiency of Internet companies have
mainly focused on the comparisons between digital and
physical companies or pure and partial online companies. The
studies in [2], [3] treated content firms as a subcategory of
Internet companies. In fact, it is difficult to find research
focusing directly on the efficiency of mobile content firms.

III. Efficiency in Mobile Content Companies

We employed the DEA-PCA approach to identify the
efficiency characteristics of individual mobile content firms.
The robustness of the efficiency scores from the DEA were
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Table 1. Summary of efficiency evaluation studies in dot-com
companies.

Research Input Output

-No. of employees -Sales revenue

Serrano-Cinca and

others (2005) [2] -No. of website

visitors

-Total operating cost
-Total assets

-Capital .
. -No. of website
Lee and others  [-Tangible assets visitors
(2005) [3] -Wage costs
. -Sales revenue
-PR/advertising costs
-Deposit

Ho and others -Sales revenue

(2009) [6]

-Operating costs
-No. of employees -Daily reach rate

-Equipment

-IT and non-IT capital labor
Barua and others -Sales revenue

-Education and training

(2004) [30] -Number of years in business “Gross income
-No. of employees
Chen and others |-Inventory costs -Sales revenue
(2004) [32] -Total assets -Net income

-Cost of goods sold

‘ Start )
Survey data,
financial statements

Stage 1: Finding the target companies for evaluating efficiency

v

Stage 2: Selecting the input and output variables of evaluating efficiency

v

Stage 3: Calculating efficiency scores in 15 combinations of inputs and outputs
modeled using DEA and comparing the DEA results with COLS results

v

Stage 4: Identifying the types of efficiency using PCA

(]

Stage 5: Classifying individual companies into the types of efficiency using
multi-dimensional scaling

Stage 6: Validating the results of differences in efficiency between groups
using discriminant analysis

End

Fig. 1. Efficiency evaluation framework.

tested against other methods. The DEA results were studied
using a multivariate statistical analysis to provide visual
representations. The efficiency evaluation framework used
for studying the mobile content companies is illustrated in
Fig. 1.

ETRI Journal, Volume 33, Number 3, June 2011



Table 2. Classification of mobile content.

Category DEA Survey Index
Game 27 27% 297 21% | G1-G27
Broadcasting 14 14% 142 10% | B1-B14
Information 26 26% 455 32% I1-126
Music 5 5% 50 3% M1-M5
Distribution 8 8% 92 6% P1-P8
Solution 20 20% 405 28% | S1-S20
Total 100 | 100% | 1,441 | 100%
1. Data

A DEA is a comparative analysis technique, the successful
use of which requires homogeneous data [33]. Most mobile
content companies are small and do not have set procedures
for their accounting practices nor do they audit their financial
data. Of the data from the 1,441 mobile content firms in
operation in Korea, identified through a 2008 industry survey
[23], only 109 companies satisfied the homogeneity
requirements: first, the company exists solely online; second,
financial information is available from corporate disclosure
by Financial Supervisory Service. For DEA, companies that
can acquire as much reliable financial information as possible
and those with similar characteristics were all selected. These
firms are registered with the Korea Mobile Internet Business
Association.

This study looked at the data of these 109 firms, dividing
them into the six categories in Table 2: online gaming, digital
broadcasting, information content, digital music, distribution
and portals, and digital solution firms. We used ¥ statistics to
test whether the sample data indicated that a population
distribution fit the data, which is called the goodness-of-fit
test [34]. On computing X%, we found 7' = 1588
and y., =11.07 with degree 5 of freedom. The result was
that the data did not meet the same distribution of population.
The number of game and broadcasting companies decreased
from 31 to 27 and from 19 to 14, respectively. Previously
excluded companies were chosen despite their small revenue
size because they slightly impacted the result. We
constructed data with 100 companies. We tested the
We
7’ =10.74. Because y;, = 11.07, with 5 degree of freedom,

goodness-of-fit test to the revised data. found

the data did not present sufficient evidence to contradict our

hypothesis that the DEA sample possessed the same
distribution of population.
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2. DEA Model Specification

The next step is to design a DEA model for evaluating their
efficiency. The most important step in designing a DEA model
is choosing the proper inputs and outputs because the results of
a DEA vary widely depending on the variables selected.
Especially in service industry, measuring inputs and outputs is
very complex [35]. However, the existing DEA literature
provides no clear or precise criteria for variable selection.

In accordance with [36] definition of a company, a company
is defined as a company with staff and assets that engages in
spending to achieve its corporate objective. Among the inputs
most often used for an efficiency evaluation are total assets,
operating costs, and the total number of employees: variables
which have been broadly used for evaluating firms [2], [6]. The
input selected first was ‘total assets.” Although mobile content
companies spend less on inventory management and fixed
investments when compared to other companies, they consider
computers, databases, and software as important assets.
However, as the identification of cost of individual cases of
system establishment and maintenance is difficult in reality,
‘total assets’ of a mobile content company was selected as an
input as the characteristics of a mobile content company’s
assets are reflected in its total assets. ‘Operation costs,” the
second input, are the direct costs of a business operation.
Operation costs can be defined as an input that represents a
company’s operational capacity [5].

‘Number of employees’ was selected as the third input. As the
knowledge-based industry is reliant on human resources, a
resource that requires almost no materials, competent human
resources are the most important asset of a mobile content
company. ‘Business year’ was selected as the fourth input factor.
As mobile content has a short lifecycle, ‘business experience’
was also selected as an input factor [30]. Although others, such
as advertising costs, training costs, and development costs can be
selected as inputs depending on the purpose of evaluation, such
factors were excluded from this research.

In general, the output of a company is its revenue or profit.
Profit is not suitable for analysis since it includes both cost and
revenue [37]. Since it includes inputs as well as outputs, it
would be desirable to avoid profit as output measure. As such,

Table 3. Inputs and output in DEA of mobile content firms.

Inputs Output
A B C D 1
Total Total operating] Number of | Yearsin
. Revenue
assets costs employees | business )
(W) (W) (persons) (years)

Eun Jin Cho and Myeong Cheol Park 447



Table 4. DEA and COLS efficiency results.

DMU Al ABI1 CD1 |ABCD1| COLS DE.A COI.JS DMU Al ABI1 CD1 |ABCDI1| COLS DE.A COFS
ranking | ranking ranking | ranking
B1 7 10 3 25 19 85 86 110 3 3 0 4 4 100 100
B2 11 15 10 45 30 42 51 111 21 26 19 63 24 63 31
B3 11 14 2 29 23 67 75 112 21 27 1 27 19 83 81
B4 29 38 23 100 46 14 1 113 100 100 1 100 48 13 1
BS 26 33 0 33 23 64 67 114 26 31 0 31 15 88 73
B6 21 26 7 43 26 56 53 115 25 32 100 100 39 21 1
B7 12 16 1 28 25 57 77 116 9 11 7 26 14 90 82
B8 14 18 2 36 29 44 66 117 64 76 8 100 64 4 1
B9 6 9 3 28 15 87 79 118 37 46 9 88 53 8 15
B10 7 9 5 21 9 96 91 119 52 61 3 70 43 17 23
Bl11 18 23 1 29 24 61 74 120 26 31 5 49 21 72 43
B12 29 37 0 37 24 60 62 121 14 18 6 48 27 53 46
B13 20 25 1 25 28 49 85 122 8 10 0 10 9 97 98
Bl4 16 21 3 39 31 38 60 123 36 45 4 68 42 19 26
Gl 19 24 4 48 29 43 44 124 24 30 2 31 28 51 71
G2 18 24 1 24 25 59 88 125 21 26 12 60 32 33 33
G3 4 5 2 11 6 99 97 126 14 18 2 32 20 81 68
G4 32 38 2 42 30 40 55 M1 27 33 4 47 31 37 48
G5 10 13 2 13 14 89 95 M2 25 32 5 55 31 34 39
G6 23 30 14 77 49 12 20 M3 32 39 6 66 37 24 28
G7 52 60 1 60 29 47 34 M4 31 40 16 96 45 16 12
G8 22 27 3 42 28 52 58 MS5 20 26 12 63 28 48 30
G9 21 26 1 28 21 76 78 P1 33 38 7 69 33 31 25
G10 13 16 6 37 21 75 63 P2 74 94 10 100 83 3 1
G11 19 24 42 71 21 71 22 P3 20 24 0 24 13 91 87
G12 22 26 4 48 23 66 45 P4 29 35 4 37 24 62 61
G13 7 9 3 22 20 82 90 P5 26 32 13 72 33 30 21
G14 15 20 10 42 21 74 56 P6 17 21 27 58 28 50 37
G15 16 20 8 46 23 65 49 P7 53 100 0 100 96 2 1
G16 16 20 1 36 29 45 65 P8 40 51 5 86 56 7 17
G17 21 27 100 100 31 35 1 S1 34 41 36 100 50 10 1
G18 7 9 2 13 11 93 94 S2 14 19 7 42 26 55 57
G19 20 26 9 59 37 25 36 S3 28 34 2 37 25 58 64
G20 77 100 18 100 100 1 1 S4 17 22 3 26 22 70 84
G21 16 21 10 59 37 26 35 S5 10 13 8 29 15 86 76
G22 16 20 66 88 27 54 14 S6 16 21 3 26 23 68 83
G23 7 9 1 9 10 95 99 S7 41 52 2 52 51 9 41
G24 13 17 9 44 20 78 52 S8 15 20 18 87 35 29 16
G25 8 11 100 100 22 69 1 S9 25 32 2 41 31 36 59
G26 16 25 9 93 38 22 13 S10 36 45 2 45 38 23 50
G27 9 11 1 12 9 98 96 S11 17 21 2 23 20 79 89
11 23 30 6 56 42 18 38 S12 77 78 0 78 31 39 18
12 47 53 2 68 36 27 27 S13 6 7 2 17 10 94 92
13 24 29 6 52 30 41 42 S14 5 7 1 13 11 92 93
14 25 30 1 31 19 84 72 S15 24 29 6 55 29 46 40
15 48 54 8 100 45 15 1 S16 34 42 2 43 33 32 54
16 22 27 10 65 36 28 29 S17 29 37 7 48 41 20 47
17 20 26 0 27 21 73 80 S18 31 39 5 78 57 6 19
18 13 16 2 32 20 80 70 S19 48 62 2 62 63 5 32
19 35 44 3 69 50 11 24 S20 25 32 0 32 20 77 69
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Table 5. Regression coefficients from a COLS analysis.

s s.e t Sig.
Constant 3.471 0.875 3.967 0.000**
In asset 0.568 0.066 8.606 0.000**
In opex 0.287 0.062 4.606 0.000**
In employee 0.101 0.044 2.313 0.023*
In year —-0.144 0.078 -1.852 0.067

**P<0.01, *P<0.05

revenues, the intermediate stage in the calculation profit, were
incorporated into the calculation of the sales activities of
mobile content businesses. In this study, we selected total assets,
operating costs, number of employees, and number of years in
business as the inputs, and revenue as the output, as shown in
Table 3.

A full DEA model is generally used for assessing the overall
efficiency of a DMU; in other words, an ABCD1 model using
all inputs (A, B, C, and D) and a single output (1).

In this study, however, we designed the models using all
possible combinations of input and output variables. Since
efficiency results depend on the choice of inputs and outputs,
this type of study can aid in assessing how the efficiency score
for a given company depends on such choices, which may
reveal the weaknesses and strengths of a firm [2].

3. DEA Results

The results of a DEA performed on 100 DMUs to evaluate
the efficiency of mobile content companies are given in Table 4.
All scores are between 1 and 100. The table shows that some
DEA combination models, such as Al, AB1, CDI1, and
ABCDI, received high component loadings of the PCA shown
in Table 7. The efficiency scores of the mobile content
companies varied according to the model used for evaluation.
Under the full DEA model, ten companies proved to be the
most efficient; namely, B4, G17, G20, G25, 15,113,115, 117 P2,
P7, and S1. These DMUs can be considered efficient
companies overall.

However, using the full model alone, we were unable to
determine whether they have the unique efficiency
characteristics of an individual firm. To ascertain the efficiency
features of the firms, 15 combinations of DEA efficiency were
calculated. DMUs rated 100% efficient under the full model can
widely differ in their scores under other models. For example, in
Table 4, firm 113 received an efficiency score of 100% in the
ABCDI1 model, but received a score of 1% in the CD1 model.

To test the robustness of the DEA methods, we compared
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Table 6. Analysis of variance of DEA and COLS rankings.

SS df MS F Sig.
Between group 15.1 1 15.1 0.02 0.90
Within group 171,679.8 198 867.1
Total 171,694.9 | 199

our analysis results with those from a COLS analysis based on
the regression approach. The COLS variables used were the
same as in the full DEA model. All variables were in a
logarithmic form. The model appears to be a good fit with
R*= 0.868. In Table 5, the ‘year’ variable is not statistically
significant at the 5% level, while the other variables are
statistically significant at 1%. The (6th, 14th) and (8th, 16th)
columns of Table 4 show the scores and rankings obtained
from the COLS. We compared the efficiency scores and
rankings of DEA and COLS. The Spearman correlation
coefficients were 0.839.

The results of ANOVA in Table 6 show that the rankings of
the two methods are not different. This shows that the DEA
and COLS models are highly correlated and consistent, and
that the DEA method can be used to estimate the efficiency of
mobile content firms.

I'V. Multivariate Analysis of DEA Efficiency Scores
1. PCA Results: Types of Efficiency

PCA is a data reduction technique to extract data and reduce
redundant information. PCA is also frequently used to reveal
hidden features of a data set or to visualize the main
relationships that exist between observations [38]. PCA
processes all combinations and DMUEs, indentifying their
similarities and differences [6].

We performed a PCA on the DEA efficiency scores obtained
from the 15 combination models. The 15 DEA models were
set as the variables, and the efficiency scores set as the
observations. The first two principal components account for
75.98% of the total variance. Table 7 shows a matrix of the
component loadings.

For all models, the first principal component has a positive
sign, and thus the first component is named, ‘overall measure
of efficiency.” The highest weight is associated with ABCDI1
(0.952), followed by the full model, ACD1 (0.920).

The second principal component is associated with
specialization in the efficient use of inputs. The sign of the
loading value of the second component is negative for models
Al, ABI1, ACl1, AD1, ABD1, ABC1, ACD1, ABCDI, and B1,

Eun Jin Cho and Myeong Cheol Park 449



Table 7. PCA component loadings matrix.

Model PC1 PC2 Model PC1 PC2
Al 0.685 —0.697 BCl1 0.733 0.381
ABl1 0.733 —0.646 BD1 0.720 0.427
ABDI1 0.903 —0.254 BCD1 0.757 0.517
AD1 0.879 —0.247 Cl 0.470 0.525
ABCl1 0913 —0.191 D1 0.418 0.574
ACl1 0913 —-0.191 CD1 0.570 0.719
ACD1 0.920 —0.090
ABCD1 0.952 —0.028
B1 0.419 —0.048

A assets, B: operating cost, C: employees, D: years, and 1: revenue.

and all of them except B1 have input A (total assets). The rest
of the models, BC1, BD1, C1, BCDI, DI, and CDI are
associated with positive loadings, and all of them have input C
(employees) or input D (years in business).

Thus, the second component discriminates between models
of efficiency that have ‘asset’ as a variable and models of
efficiency that have ‘number of employees’ or ‘years in
business’ as a variable. This component can be called, ‘asset-
oriented versus manpower and experience oriented.” The
efficiency oriented operating costs did not vary in mobile
content companies and was not a specific feature of mobile
content companies.

2. Efficiency in Individual Mobile Content Companies

Multidimensional scaling (MDS) was applied to the
outcome of a PCA of mobile content companies’ efficiency in
order to identify a pattern and the structure of the efficiency of
100 mobile content companies. Figure 2 is a bi-plot showing
the component loadings of the efficiency models identified
through the PCA and the factor scores of the mobile content
companies [39].

The vectors represent the models while the coordinates
represent the companies. As can be seen, a smaller slip angle
between the vectors indicates a close relationship between the
models. Accordingly, a relatively close relationship exists
between D1, C1, CDI1, BCD1, BC1, and BD1 and between Al
and ABIL. Of these two groups, the first is a manpower/
experience efficiency model and the second is an asset
efficiency model. The relative positions of the companies in
each model can be understood through an orthographic
projection in different vectors. This enables an analysis of the
efficiency of individual mobile content companies. While
Company G17 (located at the top) showed high efficiency in
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Fig. 2. Principal component scores of mobile content companies
and ideal vectors for the DEA models.

Table 8. Discriminant analysis results.

Test of equality of group means (game vs. non-game companies)

Wilks” A F dfi df Sig.
Al 0.961 3.960 1 98 *0.049
CD1 0.952 4.943 1 98 *0.028
ABCDI1 0.999 0.115 1 98 0.732

Results for multivariate discriminant function
Wilks® A o dr Sig.
0916 8.493 3 *.037
*P<0.05

terms of manpower (C) and experience (D), it showed low
efficiency in asset (A). In Fig. 2, another remarkable find was
that G1, G17, G21, G22, G25, and G26 mobile game firms were
located in manpower and experience efficiency models. MDS
showed only a spatial map but it didn’t test statistics significance.
We need an additional analysis to test relationships between
types of mobile content companies and types of efficiency.

3. Validating the Results

We performed a test to assess the relationship between DEA
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efficiency and mobile content type using discriminant analysis.
A discriminant function was set in which the dependent
variable is the indicator of the group of companies and is
assigned as 1 for game firms and O for the remaining
companies. We are interested in manpower and experience
efficiency, overall measured efficiency, and asset efficiency.
The efficiencies obtained using models A1, CD1, and ABCD1
have been selected as representative members of each of the
three model groups in Fig. 2. The discriminatory power of each
DEA efficiency model can be assessed by looking at the value
of the F statistic [37].

Table 8 provides the Wilks’ A obtained for Al, CDI, and
ABCD1, and their corresponding F statistic values. Models A1
and CD1 result in F values that are highly significant, but the '
statistic of model ABCDI1 is not statistically significant, which
means it has little discriminatory power. From the point of view
of overall efficiency (ABCD1), one can conclude that there is
little discriminatory power between game firms and the others.

Game companies have an advantage in high efficiency
scores if the DEA model contains employees and years in
business as inputs. The remaining mobile content companies
have an advantage of high efficiency scores in a model
containing assets as an input. A multivariate discriminant
function includes all three models (A1, CD1, and ABCD1).
The results confirm that there are efficiency differences
between game companies and the rest of the mobile content
companies, and that these differences are related to their
inputs.

4. Implication

This research aims to evaluate the efficiency of mobile
content companies and present them with strategies based on
an analysis of the characteristics of the mobile content market.
A DEA of 100 mobile content companies showed only 11 to be
efficient. This finding is consistent with the structure of the
Korean mobile content market, which is dominated by a small
number of companies. Moreover, the mobile content
companies identified as being efficient showed varying levels
of efficiency in different areas.

A PCA based on the DEA of a mobile content company was
performed to analyze the efficiency of all mobile content
companies. The PCA showed a contrast in the mobile content
companies’ asset efficiency and labor/experience efficiency.
This shows that the different efficiencies of a mobile content
company do not equally contribute to its global efficiency.
Such a finding is consistent with the categorization of mobile
content into creative content and processed information [24],
[17]. Human resources are more important in the development
of new and creative mobile content, whereas programs and
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systems that convert conventional platforms into a mobile
platform are important for the efficient processing of
information.

Further analysis of the results of the DEA and PCA showed
that mobile game companies’ labor/experience efficiency was
higher than that of other companies. This difference in
labor/experience efficiency was also verified through a
discriminant analysis. Mobile games tend to be creative content
as they are critically influenced by the mobile environment,
whereas other mobile content tends to be processed
information. Also, the experience efficiency of newer
companies is superior to that of companies that have been
established longer, as the lifecycle of mobile contents is short.
What this verifies is that companies that deal with processed
information which is converted from conventional platforms
into a mobile platform have more business experience but
generate less revenue, whereas companies that deal with
creative content generate more profit despite having less
business experience.

We derived efficiency strategies for creative content and
processed information companies. The revenue potential of
creative content companies is chiefly determined by the
management of their personnel. Also, due to the short life cycle
of game products, short-term strategies have greater and more
immediate consequences on the performance of these
companies than on their long-term strategies. For processed
information companies, an efficient management of assets,
particularly systems and equipment, which are their most
important assets and have the greatest influence on their
revenue performance, is a crucial requirement. In order for
processed information companies to continue and advance
their business, creative content will need to be included in their
business field. These strategies can be referenced in the
formation of advanced strategies to achieve increased
efficiency based on mobile content companies’ characteristics
and government policies.

V. Conclusion

Mobile content has restrictions which exist due to mobile
frequency resources and device capacities, but the notable
convenience of mobile content increases the growth potential
of the mobile content market around the world. Mobile content
is divided into processed information. While creative content is
expected to become highly profitable in the future, their
development is still at an early stage and the majority of
existing mobile content is processed information.

Also, mobile content companies generally generate revenue
by charging users a fee for downloading and using content.
This revenue model followed by mobile content company sets
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it apart from other Internet-based companies that implement a
variety of revenue models. Furthermore, most research on
mobile content has been on the development of new business
models, content distribution and user behavior, while research
on mobile content companies has been almost nonexistent.

While it was anticipated that the Korean mobile content
market would become a key growth engine of the future, it is
actually decreasing in size, and thus its efficiency needs to be
assessed. Key indexes selected for the efficiency assessment
were critical factors in a business operational capacity and in
knowledge-based industry, such as assets, operational expenses,
and human resources. Although the traditional DEA technique
assesses the efficiency of a single mobile content company and
presents business strategies, it cannot assess the mobile content
industry as a whole. To collectively assess mobile content
companies instead of individual ones, the PCA and MSD
techniques were applied to the outcome of the efficiency
assessment of individual mobile content companies in order to
identify efficiencies found in all of them. Consequently, asset
efficiency and manpower/experience efficiency were
determined by inputs. A detailed analysis of the difference in
efficiencies was carried out for each of the various types of
mobile content and the cause of the differences was examined
to present strategies towards increased efficiency.

The main contribution of this study has attempted to
establish a framework based on the DEA-PCA methodology
for assessment of the efficiency of mobile content companies
and formation of strategies to further develop the mobile
content industry. Despite these findings, certain limitations
remain. This evaluation is based only on the financial data of
the firms considered; non-financial data was not taken into
account. In recent years, non-financial data, such as the number
of visitors to a company’s website and other website access
statistics, has been increasingly included in the efficiency
evaluations of Internet companies. In this study, we were not
able to include these types of data due to the difficulty in
obtaining information, such as the content quantity, QoS, and
number of downloads. Also, this study focused exclusively on
Korean mobile content companies. Future research could use
more data and expand the number of countries to make the
evaluation framework more robust.
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