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Abstract This study examines whether the inequality between universities is increasing in

terms of research output, in the context of the New Public Management (NPM) regime

based higher education reform in South Korea. Recent reforms in higher education sectors

around the world illustrate a number of characteristics of NPM, with performance-based

funding standing out among others. Performance-based funding has brought up several

concerns, especially with unintended consequences of the reforms such as a widening gap

in the research activities of universities. We provide an exploratory case study of the South

Korean higher education system where performance-based funding programs are rampant,

using a novel panel dataset comprised of all the general four-year universities (n = 184) in

2009–2015. The descriptive analysis of the temporal trend of research output inequality

among universities shows that the answer of whether the gap is widening or not depends

greatly on the use of indices of inequality. We report the conflicting results between the

‘relative’ and ‘absolute’ inequality index when applied to the dataset. Our findings are

followed by the discussion on the measurements of inequality and their axioms regarding

the institutional Matthew effect, suggesting more consideration on the nature of the data

and the context.
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1 Introduction

With increasing contribution of academic research to innovation, universities are fre-

quently touted as the key institution in the knowledge-based economy due to their

capacities for generating knowledge, discovery, and invention. Given this, governments

around the world have entered into an implicit social contract with universities with the

expectation that the universities would take up the functions going beyond education, such

as R&D and entrepreneurial activities (Altbach and Salmi 2011; Etzkowitz 2004), pro-

viding the financial support for the latter in the form of research funding. Yet, even though

their importance is recognized more than ever as one of the central axes of Triple Helix of

innovation, universities cry out under the increasing competition with the others and the

pressure for improving performance (Geiger 2004).

Higher education governance reforms inspired by New Public Management (NPM) and

reinforced by university rankings are referred to the main culprit of intensified tension

between and within universities of different capacities and various functions (Münch

2016). In the name of public accountability and efficiency, the NPM-inspired reforms

introduced around the world has drawn on competitive performance-based funding as an

instrument to enhance university performance (Geuna and Rossi 2015; Hicks 2012; de

Boer et al. 2007).1 Under performance-based funding, most universities except a handful of

elite institutions have been stressed out due to greater financial pressure, which has led to

debates and concerns about the unintended consequences of NPM-inspired reforms in the

higher education sector (Auranen and Nieminen 2010; Krücken 2014; Leišyte 2016;

Münch 2013).

One of the debates on the impact of performance-based funding attracting the interest of

a broad spectrum of scholars and policymakers is whether or not stratification and

inequality between universities are intensifying (Myklebust 2016; Beerkens 2013; Hillman

2016; Jongbloed and Lepori 2015). Several studies have looked into this issue, for the sake

of the description of the phenomenon itself (Lau and Rosen 2016), or due to its association

with other issues, such as the allocative efficiency of funding (Zhi and Meng 2016) and a

reproduction of social stratification (Davies and Zarifa 2012). Existing studies, however,

tend to focus on inequality in terms of an allocation of financial resources, with only a few

exceptions such as Halffman and Leydesdorff (2010), although the stratification of uni-

versities based on research performance inequality has been a critical topic.

This study takes the question posed by Beerkens (2013) as a starting point–‘‘is com-

petitive funding likely to concentrate research in fewer universities or perhaps, on the

contrary, level the playing field?’’ Most previous studies have examined universities’

research input, as it is directly related to performance-based funding. It is also meaningful,

however, to switch the focus from research input to output because the latter is another

core element of performance-based funding, the analysis of which can illustrate the actual

knowledge production structure. In an effort to answer whether competitive funding

concentrates research in a few universities, this study examines the degree and trend of

inequality in university research performance in South Korea, a country where perfor-

mance-based schemes are rampant at every level of government funding distribution.

Our exploratory analysis of the longitudinal trends of inequality in university research

output utilizes a novel dataset containing all universities in Korea (n = 184) for 7 years

(2009–2015) subject to governmental performance-based funding. It makes two significant

1 Performance-based funding here refers to various sorts of funding schemes based performance such as
evaluation-, competition-, selection- and assessment-based funding analyzed in the previous literature.
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contributions to the existing research. First, we use the publication count data considering

the size of the universities and coauthored papers, which gives a more accurate account of

the extent of research activities in each university. Second, our analysis refines the methods

of describing the potential stratification of universities by employing different types of

inequality indices. While this research does not explore the causal links underlying

inequality in research performance among universities directly, it addresses one of the most

important issues that need to be tackled in any causal analysis of university research

performance gaps, namely, whether such gaps are widening or not.

One of the key results is the longitudinal pattern of inequality showing opposite trends

depending on the index of inequality. Inequality in research output turns out to diminish

over time when analyzed with a ‘relative’ inequality index widely used in previous studies,

whereas it shows an upward trend when analyzed with an ‘absolute’ inequality index. The

answer to whether a gap is widening among universities thus hinges on the measure of

inequality chosen for analysis. While it may not be surprising to find different results with

different indicators of inequality, it is notable that the existing literature has rarely

employed the absolute inequality index which could give an opposite result.

Our supplementary analysis of the mobility of the universities in the research output

ranking over time as well as the strata of universities helps to explain the contradictory

findings between two indices of inequality with a more detail account of research pro-

duction structure. We dwell on these findings further by discussing the different features of

two indices of inequality and why the absolute index may be a more appropriate measure

of inequality in the context of university performance comparison.

2 Literature review

2.1 Institutional Matthew effect of research performance

Discussions on inequality in the realms of scientific endeavors and practices are several

decades old. Prior observations of the skewed distribution of scientific publications and

citations (Lotka 1926; Price 1963) are often summarized as the ‘Matthew effect,’ named

after Robert K. Merton. Often expressed as ‘the rich get richer, the poor get poorer,’ the

Matthew effect refers to a cumulative advantage that eminent scientists receive in the

scientific community in the reward system of prestigious reputation and high recognition,

plentiful resources, and high productivity (Merton 1968). Empirical studies of the Matthew

effect have found the inequality in publication counts to become larger as the cohorts get

older (Allison et al. 1982; Allison and Stewart 1974). Much effort has been made to

unearth various factors underlying differential productivity of scientists such as the effect

of the incentive system rewarding publications directly on the inequality of productivity

(Kim and Bak 2016).

In addition to those studies examining the Matthew effect at an individual level, there

has also been considerable interest in the Matthew effect at an institutional level. Research

focusing on the institutional level has looked into the effects of prestigious institutional

affiliation on the maintenance of high faculty productivity even with the control of the

selection bias (Allison and Long 1990) and the increasing stratification of universities

suspected to result from competitive pressures due to performance-based funding and

university ranking (Münch 2013). Many studies of the institutional Matthew effect have

found resource allocation among universities to be becoming more unequal or at least
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maintaining high skewness (Davies and Zarifa 2012; Lau and Rosen 2016; Wu 2015; Xie

2014). Notably, these studies tend to focus mostly on one side of the story, i.e., the inputs

such as research funds or endowments.

More recently scholars have moved forward to touch upon the output side of the

institutional Matthew effect, testing the effects of university stratification and inequality in

resources, finding no evidence of positive externalities of stratification (Zhi and Meng

2016). Münch and Schäfer (2014) examined whether the UK succeeded in improving its

universities in the world university rankings by adopting the performance-based funding in

comparison with Germany that had a different funding scheme, finding that UK’s plan

proved to be ineffective. While some of the studies of the institutional Matthew effect

consider inequality in research output such as the one comparing the degree of inequality

between research input and output which shows more skewed distributions in the input side

(Shibayama 2011; Ville et al. 2006), there is very little research that directly addresses the

development of inter-university inequality in research output.

Since the core of the Matthew effect as a cumulative advantage lies in the circular

mechanism of reinforcement where more input leads to more output which feedbacks into

more input, it is crucial to examine more closely the degree of inequality in research

performance among universities in order to understand better the structure of university

stratification. Furthermore, output measures such as publication counts are more direct

indicators of performance than input measures like resources and thus form the very basis

of performance-based funding. Yet only a few studies on the institutional Matthew effect

deal with the issue of inequality among universities on research output.

Due to the scant amount of research and varying contexts of the research, it is difficult

to derive a firm conclusion about the degree of the institutional Matthew effect in terms of

research performance. Some studies of the Australian case show conflicting results, with

Ville et al. (2006) reporting the decreasing inequality among universities and Beerkens

(2013) finding a widening gap between them. Analyzing top 194 US universities, Brint and

Carr (2017) find inequality of publication numbers unchanged over time. A study of the

Dutch case by Moed et al. (1999) finds a narrowing gap among Dutch universities from the

1980s to the 1990s. Halffman and Leydesdorff (2010) also obtained a similar result for the

Top 500 universities in the Academic Ranking of World Universities (ARWU), though

each country showed a different trend over time. Given the dearth of the previous research,

our study explores the institutional Matthew effect of research as a basis for further

discussion on how the research structure in the higher education sector has changed over

time in the context of the recent NPM-driven performance-based funding system.

2.2 Korean higher education funding policy

In this study, we examine the Korean higher education reform as the case of the NPM-

inspired performance-based funding scheme potentially exacerbating inequality among

universities in research performance. As some scholars have pointed out, there are sig-

nificant international differences and path-dependent patterns in the performance-based

funding system, one of the most widespread instruments of NPM-based higher education

reforms across the countries (Auranen and Nieminen 2010; De Boer et al. 2007; Davies

and Zarifa 2012; Hicks 2012). This is no wonder given that NPM is not a theory or

analytical method but rather an umbrella term including several characteristics (Broucker

and De Wit 2015). In the following, we briefly provide an overview of the recent Korean

higher education reform concentrating on how the funding policy is designed and imple-

mented (see Yu (2014) for a comprehensive review of the reform).
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It was the ‘‘May 31st Education Reform Plan’’ in 1995 in which the Korean government

first introduced the NPM principles with competitive performance-based funding programs

in higher education (Byun 2008). With this reform, performance-based funding programs

started to take a greater portion of the total budget for higher education. The so-called

‘special purpose’ funding tied to performance, as opposed to ‘general purpose’ funding,

increased progressively from the mid-2000s, finally becoming dominant in the allocation

of funding for higher education by the late 2000s (Ban 2017; Kim 2014; Shin 2012).

Hence, as its name indicates, the universities receiving the funding were held account-

able for the proper use to achieve the designated purpose. This provides a reason that some

of the recent studies examining the governance structure of Korean higher education

characterize it as ‘‘decentralized centralization’’ in which the government gives autonomy

to universities while controlling them with performance-based funding allocation (Shin

2011).

The Brain Korea 21 Program (BK21) undertaken during the years of 1999–2005 is

noteworthy in this regard. As the first prominent competitive performance-based funding

program, it is considered as a precursor for various funding programs that exist today. The

Korean government utilized BK21 to induce Korean universities to pursue academic

excellence and thereby transform them into research universities (Park and Leydesdorff

2010; Shin 2009).

While it was becoming a global phenomenon to use the massive funding to incentivize

universities, the Korean government’s promotion of research universities was more

strategic and goal-oriented (see Hur and Bessey 2013 for a comparison with Germany).

One of the key features of BK21 was ‘‘concentration by selection,’’ echoed by successive

funding programs such as the 2nd Phase BK21 (2006–2012), the World Class University

Program (2008–2012, shortened as WCU) and the BK21 Plus Program (2013–2019,

shortened as BK21?). These programs have all aimed at specific numeric targets such as

the elevation of ten research universities into the World’s Top 200 (NABO 2011) or three

elite universities into the World’s Top 30 (MEST 2010). They allocated government

funding more favorably to the elite universities (Shin 2009).

These performance-based funding programs have wielded powerful influence since their

introduction, with the Korean government funding more top-tier universities. According to

the National Research Foundation of Korea (NRF), the Korean government is a primary

sponsor of university R&D activities (74.8%). Moreover, the top 20 universities take

account of 62% of the total public research funding distributed to universities, which has

remained unchanged in the last 3 years. Furthermore, the list of those top 20 universities

itself has been almost the same, with each year seeing at most one university changed on

the list (NRF 2015).

This highly concentrated funding structure of universities since the introduction of

performance-based funding programs may be characterized as ‘‘stratification by classifi-

cation,’’ as specified in official government documents such as the Ten-Year Basic Plan for

Higher Education Funding announced in 2010. This plan classifies universities into four

tiers based on several parameters, including the size of external grants and SCI publica-

tions. Among about 200 general 4-year universities, the top tier of 20 universities would be

cultivated into world-class universities, the second-tier of about 50 universities would be

promoted to focus on industrial collaboration and education, the third-tier universities

would be concentrating on lifelong education, and the last tier would be excluded from

university funding programs and put on the list of merger or closure (MEST 2010a). This

stratification by classification seems to have led to the ‘‘specialization by stratification,’’ as

each tier has evolved to conduct functions of quite different foci. In such effort to assign
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specific roles to different groups of universities, the governmental reforms of higher

education in South Korea have in a sense aimed to create inequality in research capacities

among universities.

Such a stratified structure of university funding brought up serious concerns about

inequality among universities to the point that the institutional Matthew effect is consid-

ered as a fait accompli from the critics of the performance-based funding system (Ban

2017; Han and Kim 2017). Yet there is little empirical research on the effects of perfor-

mance-based funding on inequality among South Korean universities, with even the

description of the phenomenon rarely done with actual data.

2.3 Inequality measurements: relative versus absolute

Although our main focus is the inequality and stratification of research among universities,

it is important to review some prior work on inequality measurement in economics, as

much of theoretical developments on equality relates to income inequality. Among several

issues on inequality measurement, we focus on the debate on the relative and absolute

inequality measure as our research is interested in the temporal trend of inequality. In fact,

all frequently used inequality measures can be categorized into either relative or absolute

inequality with similar characteristics respectively, which means that the result is gener-

alizable even if we use only one index for each (Chakravarty and Lugo 2016).

The decades-long debate whether relative or absolute indices are the proper measures

for inequality starts from the recognition that the indices are not value-free. Rather the

different normative assumptions are combined to the different axioms of these summary

measures of inequality (Kolm 1976). Relative inequality measures are based on the scale

invariance axiom; they maintain constancy if properties of each entity change equipro-

portionally. Meanwhile, the absolute measures follow the translation invariance axiom,

which means that the same absolute amount of property changes in entities would not

affect the inequality. In short, the absolute measure of inequality is size-dependent,

whereas the relative measure is not. Thus, there is no inherent reason to expect both to be

correlated; in fact, they can be considered as measures of different aspects of distribution—

the absolute measure related to the differences in size of entities under comparison and the

relative measure related to the differences in relative positions of entities within the

distribution.

As for income, the relative inequality measures dominated both academic and practical

statistics due to several reasons (Milanovic 2016, pp. 27–29). However, Amiel and Cowell

(1999) with others have shown that a considerable number of people do not agree with the

concept of relative inequality given by its underlying axioms of the measurement including

the scale invariance axiom. As two inequality measures have shown an entirely opposite

trend for the global inequality, the debate seems to be revitalized (Atkinson and Brandolini

2010; Niño-Zarazúa and Roope 2016; Ravallion 2014).

In contrast to the debate on relative versus absolute inequality in economics, the

research on the Matthew effect among scientists or universities has not shown much

interest in the issue of measurement of equality. This is largely because much of the

existing research on the Matthew effect follows the methodology of Paul D. Allison and his

colleagues, pioneers of empirical research on the Matthew effect, that draws on the relative

inequality measures due to its scale-invariant feature for inter-disciplinary comparison of

scientific productivity (Allison and Stewart 1974; Allison 1980). Thereafter, although the

research was expanded to a comparison and inequality in national, institutional, individual
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level, the relative inequality indices such as Gini coefficient and the modified coefficient of

variation (Allison et al. 1982) dominated the studies of inequality measurement.

This domination of relative equality indices was mainly due to the nature of datasets

utilized by the previous studies being consistent with relative inequality. When analyzing

inter-institutional inequality and stratification, for example, scholars tended to calculate a

total number of publications from a university (Brint and Carr 2017; Halffman and Ley-

desdorff 2010; Moed et al. 1999; Sin 2011; Ville et al. 2006; Zheng et al. 2008). The

relative inequality index corrects for this size effect with its scale-invariance. However,

when the set of university’s total publication counts is used to measure the gap between

universities, it cannot be of much use for cross-institutional comparison because it highly

depends on the size of the universities and therefore the result of comparison is likely to

reflect just the size difference rather than the real differences in research performance.

Also, the prior research on inequality among universities has not considered the fractional

count of multi-author publications, which can lead to potential bias (Stephan and Levin

1991).

In the following exploratory analysis, we examine whether inequality has been rising in

research output among universities in recent years in South Korea. Our analysis comple-

ments the previous research by applying both relative and absolute inequality indices,

taking into account the size of universities, and utilizing the fractional account of publi-

cations of multiple authors. Also, we could apply both relative and absolute inequality

indices to expand the inquiry.

3 Data and methods

The data for our empirical investigation come from 184 universities in South Korea

covering 7 years (2009–2015) available from the Korean Council for University Education

(KCUE) under the Ministry of Education. The KCUE database on universities is utilized as

a basis for the Ministry of Education to evaluate and accredit universities as well as to

allocate funding with the performance-related criteria.

In order to measure inequality in research output, we use the most common output

measure, publication counts per full-time faculty. Among the four categories of publica-

tions in the KCUE database,2 the publications indexed in KCI (Korea Citation Index) and

SCI/SCOPUS are used for this analysis, as they are the most critical indicators for per-

formance-based research funding allocation in addition to being the most commonly used

evaluation measure around the world (Geuna and Rossi 2015, Ch. 5). By calculating the

research output per faculty rather than counting whole publications of a university which

highly depends on the university size, one can regard this number as the degree of research

activity or research productivity of the corresponding university.

Also, we draw on the fractional counting of co-authored papers considering the dif-

ferential contribution of each author in which the contribution of a lead or corresponding

author is counted as 2 / (n ? 2) and that of other authors as 1 / (n ? 2) with n being the

total number of authors upper-bounded at 15 for more than 15 authors. Fractional counting

is an important methodological improvement given the rise of collaborative research in the

recent years. While there exists a concern that fractional counting disincentivizes research

2 The four categories of journals classified by the NRF are (i) KCI (the citation index for domestic academic
journals created by NRF), (ii) non-KCI domestic journals, (iii) SCI/SCOPUS (including SSCI, A&HCI,
SCIE), and (iv) non-SCI/SCOPUS international journals.
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collaboration as it gives a smaller weight to individual contribution (Leydesdorff and Park

2017, Park et al. 2016), we use it not only to follow the official publication counting

measure of KCUE and NRF but also for two reasons. First, fractional counting can

ameliorate the problems of inflation and double counting in assessing the volume of

publications (Stephan and Levin 1991). Second, as our analysis is to measure institutional

capacity rather than gauging the degree of networking or linkages among researchers,

fractional counting will do for our analytical purpose.3

South Korea has over 400 post-secondary institutions, which are classified into two

types. One is general 4-year universities, and the other is various sorts of colleges including

industrial colleges, teachers’ colleges, junior colleges, and cyber colleges. This analysis

includes only the general universities and industrial colleges (n = 193), as their research

output data are recorded by the accreditation system. The final number of universities in

the dataset comes down to 184 excluding those institutions that were shut down or merged

during our study period.

Given the longitudinal dimension of our dataset, we apply the following method to

capture the temporal trend of inequality in research output among universities. We first

calculate relative Gini coefficients and absolute Gini coefficients for the distribution of

each publication count for each year. There are two approaches to calculating the relative

Gini coefficient. One is to sum all differences between entities as in Eq. (1), and the other

is to calculate how the overall distribution is far from the perfect equality as in Eq. (2). As

the two formulae are equivalent (Kimura 1994), the choice would not make any

difference4:

‘relative’ Gini coefficient ¼ 1

2ln2

Xn

i¼1

Xn

j¼1

yi � yj
�� �� ð1Þ

‘relative’ Gini coefficient ¼ 1 þ 1

n
� 2

Xn�1

i¼1

/i

n
ð2Þ

‘absolute’ Gini coefficient ¼ l� ‘relative’ Gini coefficientð Þ

where n represents the number of universities, y is an attribute (i.e., publication counts) of

each entity i and j, l is the mean value of each subset of data, and / is a cumulative sum of

the attributes up to the i-th entity with the attributes of entities ordered in ascending order.5

In addition to comparing the trends of university research output inequality with two

Gini coefficients, we also check the mobility of each university’s ranking in the annual

research performance per faculty. Since the Gini coefficient summarizes a distributional

structure, it cannot identify the dynamics within the structure.6 We make up for this

limitation by examining the mobility of universities in terms of the university ranking in

research output, which would show how universities are stratified and to what extent.

Mobility is examined by the rank–rank slope, which is simply the regression coefficient of

3 In our dataset, the numbers of publication counts are rounded to three decimal places.
4 The package ‘ineq’ of R (Zeileis 2014) is used for the actual calculation of relative Gini coefficients. The
absolute Gini coefficients were calculated by simply multiplying the mean value to the relative Gini
coefficients (Niño-Zarazúa and Roope 2016).
5 While the relative Gini coefficient ranges from zero (perfect equality) to one (perfect inequality), there is
no upper bound for absolute Gini coefficients which depend on the mean value of the given attribute.
6 One of the axioms for inequality measures is ‘anonymity’ so that the measures only refer to distribution of
attributes without assigning or identifying the attributes to particular members of the group.
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the rank for a given year on those of the previous year. Borrowed from Lau and Rosen

(2016), this measure is often used to examine inter-generational (e.g., parent–children)

mobility (Chetty et al. 2014). The rank–rank slope close to one implies near-perfect

immobility of the structure, i.e., an indication of rigid stratification among universities.

In addition to the mobility of universities with regard to research performance indica-

tors, we further explore the trends of these indicators for each stratum with the following

procedure. First, we rank the universities for each indicator by summing 7 years of the

data. Second, fixing the ranks and strata of each university, we calculate the slope of the

over-time changes of each indicator for each university with the Ordinary Least Squares

(OLS) method. The average values of the slopes are then compared across universities of

different ranks and strata.

4 Results

The first-cut results are presented in Table 1 and Fig. 1 in terms of descriptive statistics.

Several points are interesting to note. Although the Korean universities are publishing in

domestic journals more than international journals because it is relatively less competitive

to publish in domestic journals, they have been successful in raising their visibility from

the global academia over the recent years, as seen in the mean value of SCI publications

per full-time faculty that is multiplied about 1.77 times from 2009 to 2015. This prominent

growth—compared to their KCI publication trends which remained constant—indicates

that Korean universities have been putting much more effort into the SCI publications.

Also, some degree of inequality is readily visible in the distribution of scientific pub-

lications among universities from the two boxplots in Fig. 1. While standard deviation of

KCI publications has largely remained the same, the standard deviation of SCI publications

shows significant growth, especially on the upper side, which is suggestive of more dis-

persed distribution.

Figure 2 shows the results on the relative and absolute Gini coefficients for each year of

domestic and SCI publications. There are noteworthy findings from the trends of the Gini

coefficients over time. First, there is greater inequality in international publications than in

domestic publications among Korean universities with the relative Gini coefficient for the

former hovering above 0.50 throughout the 7 years. Second, while both relative and

absolute Gini coefficients remain nearly constant in the distribution of KCI publications,

SCI publications show the opposite trends for the two inequality indices. The relative Gini

coefficient has decreased, whereas the absolute Gini coefficients have increased over time,

almost mirroring each other in the opposite direction. In the discussion section, we will

delve into this result more at length.7

In Fig. 3, we plotted the calculations of the rank–rank slope with the 95% confidence

interval. The closer the slope is to one, the more immobile the universities’ position in the

distribution is. Again, the same contrast between SCI and KCI publications is visible here.

The slope coefficients are nearly 0.95 for SCI publications with a narrow confidence

interval, whereas they are smaller for KCI publications. It is quite evident that there is

strong immobility in international research output ranking of universities, compared to

domestic research output ranking. In other words, the structure of university research is

7 Gradations on the right side of the figures are for the absolute Gini coefficients, which are converted by
multiplying averages of the mean value of each publication to the left side gradations of the figures, which
are for the relative Gini coefficients.
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highly stratified as for international publications, as universities rarely change their relative

positions in the rankings of international publications.

As shown in the above rank-and-rank slope results, it is easy to fix the strata of uni-

versities’ ranking for their SCI publication counts as the rankings remain largely constant.

In Table 2, we have tracked each stratum regarding SCI publications whose ranking dis-

tribution seems to be largely fixed. What is shown in Table 2 is the average slope of

publication counts over time for the period of 2009–2015 for the universities that are now

stratified into quintiles, quartiles, and certain top & bottom percentages. The results are

very much similar across the three calculations. The rate of growth in SCI publications is

much higher in upper strata universities. For instance, over the 7 years, the growth of SCI

publications is 0.03 for the top 20% universities but only 0.001 for the bottom 20%

universities. This is indicative of a widening gap between the universities’ research output.

Together with the findings from the absolute Gini index, they reveal an ongoing institu-

tional Matthew effect in terms of publication counts in Korean higher education.

Integrating the subsequent analysis results of the rank–rank slope and the trend of each

stratum in Fig. 3 and Table 2, we may explain the opposite trends by different inequality

measures. To simplify the problem, let us group the top 30% and the last 70% division of

Table 2c as University A and University B, respectively. University A’s faculty has written

0.03 paper more over the 7 years on average, while University B’s faculty has only written

0.01 paper more over the same period. The absolute gap is then 0.02 publication count,

which then increases absolute inequality. However, the same change would mean a

reduction in relative inequality, because the percent change of research performance by

Table 1 Descriptive statistics of
annual research output

Year SCI publications KCI publications

Mean SD Mean SD

2009 0.1248 0.1765 0.4669 0.2291

2010 0.1349 0.1830 0.5053 0.2255

2011 0.1550 0.1960 0.5145 0.2173

2012 0.1777 0.2107 0.5212 0.2179

2013 0.1878 0.2104 0.5038 0.2142

2014 0.2017 0.2236 0.5037 0.2079

2015 0.2209 0.2286 0.5008 0.2175

Fig. 1 Boxplots of a SCI publications and b KCI publications
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University A’s faculty is smaller than that of University B’s faculty; the former published

more than three times than the latter at the starting year of this study period.

5 Discussion

This study has explored the institutional Matthew Effect in South Korean universities out

of concern with the increasing worry about the unintended consequences of the NPM-

driven funding schemes for university research. Our descriptive analysis checked the

Fig. 2 Relative and absolute Gini coefficients for a SCI and b KCI publications
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degree of inequality in research output among 184 South Korean universities in the last

7 years (2009–2015), reporting the first time of Korean case of the topic which is valuable

considering the small number of relevant previous studies.

The main contributions of this paper are twofold. One is that we utilized the research

output dataset of the whole South Korean universities which considers the size of the

university and the co-authors of each publication. By using fractional publication counts

per full-time faculty, our analysis complements the previous research that overlooks the

issue of proper modification and application of the data and the measurements. The other

contribution is that we applied multiple inequality measures with different characteristics,

namely relative and absolute Gini coefficients. As Atkinson (2013) points out, a different

subject for the inquiry of inequality deserves a different measurement. Our paper brought

this measurement issue to the study of research inequality among universities. One of its

central findings indeed concerns the contradicting results for the degree of unequal dis-

tribution of universities regarding scientific publications through prestigious outlets such as

SCI journals. Different measures turn out to give different results not only in terms of size

(a)

(b)

Fig. 3 Rank–Rank slope for a SCI and b KCI publications
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but also of direction, as the relative and the absolute inequality measures show the opposite

sign of the trend.

Which one is then a proper measure in tracking the trend of inequality in university

research performance over time? Since there is nothing technically wrong about relative

and absolute Gini coefficients showing different results, what we need to discuss is which

measure (or which axiom) reflects the nature of the data at hand better.

In fact, there are equally legitimate reasons to use relative and absolute inequality

indices for the current context of university performance evaluation. On the one hand,

absolute inequality measures may be preferred to the relative one due to a typical S-curve

growth of scientists’ research activities. Our fractional count of publications per faculty

captures the average degree of research activities per faculty in a university more precisely.

As professors cannot write dozens of papers at the same time in a year by his own without

collaborations, this fractional count cannot be extremely large. It is easy to increase

publications by 10% at lower level performance, but it gets harder to do the same at the

higher level performance. Even if resources are concentrated on the top universities, they

cannot keep improving their quantitative research output proportionally, which implies that

it is hard to apply the scale invariance axiom in university publication data.

For instance, in our dataset, the increasing publication rate of the most productive 10%

universities (0.0329) was smaller than the next 10% universities (0.0331). The growth rate

seems already faltering in the top stratum. This is in line with the other evidence showing

that the returns to resources for the production of scientific research tend to decrease at the

top universities (Shibayama 2011; Zhi and Meng 2016).

On the other hand, the scale invariant axiom can still apply in inter-university com-

parison due to the same reason that Paul D. Allison pointed out. If each university is

specialized in different disciplines, then university publications reflect not only differences

in institutional factors but also inter-disciplinary differences. Our dataset, fortunately,

Table 2 Increasing trends in SCI publications by each stratum of universities

(a) by quintile

1st 20% 0.0330

2nd 20% 0.0244

3rd 20% 0.0135

4th 20% 0.0088

5th 20% 0.0014

(b) by quantile

1st 25% 0.0331

2nd 25% 0.0187

3rd 25% 0.0113

4th 25% 0.0019

(c) by two-fold division

Top 50% Top 30% Top 10%

0.0259 0.0304 0.0329

Last 50% Last 70% Last 90%

0.0066 0.0099 0.0142

Shown are the average slopes of publication counts over time by university ranks, rounded to five decimal
point

Is the gap widening among universities? On research output… 601

123



excludes several unique higher education institutions such as those specializing in the

STEM fields such as KAIST or GIST, so we may not need to worry much about such a

possibility. Still, as long as the universities show distinct disciplinary strengths, the relative

inequality measures may still make sense.

On a final note, we need to take into account the specific context of Korean higher

education reforms epitomized by the performance-based programs including BK21 and

several ensuing programs such as the WCU and BK21?. In addition to these programs

seeking mainly academic excellence and thus highly skewed to top-tier universities, the

government has provided a different kind of still performance-based programs for lower-

tier universities, most notably the Leaders in Industry-university Cooperation Program

(LINC), 2012–2016, succeeded now by LINC?.

There have been serious concerns about performance-based funding programs such as

BK21 or LINC among the scholars of Korean higher education policy. For one, the

stratification by classification of Korean universities reinforced by performance-based

funding has resulted in quite different levels of institutional autonomy across different

strata of universities. The very top tier universities (about top 10%) benefitting from

academic excellence driven programs such as BK21 enjoy more autonomy with generous

government funding support. At the same time, the next tier universities are increasingly

pressured to change their own research policies in more pro-industry directions to get the

LINC funding, even if they aspire to be identified as research universities (Shin and Kim

2012; Lim 2015; Kwon 2012).

Universities below the very top tier but still in the first quarter of the distribution are

relatively in favorable conditions because they could get funding from both or one of the

main programs (BK or LINC). They can utilize those investments to improve their

research, industry cooperation and education capacity. However, their autonomy from the

government is limited as they have to compromise their policies and identities to some

extent (Han 2015; Kim and Bak 2016; DGUGSPress 2013).

Lower-tier universities struggle and compete very much for the small amount of funding

from LINC or other minor funding programs. Many lower-tier universities do not even

apply for BK21 because they understand that they do not meet the requirements or

qualifications regarding research performance. As the most serious victims of the insti-

tutional Matthew effect and performance-based funding system, they try to secure the

government’s funding programs by reforming their identities to be fit in these programs. It

is no wonder that there is very little institutional autonomy in those universities (Kwon

2013; Bae 2013; Park 2013).

In the age of government-funded science, the relationship between the government and

the universities is hardly symmetrical. It is all the more so in South Korea that has long

been governed under the developmental regime of heavy government involvement in

almost every sector. No university is fully autonomous or independent from government

funding policy, yet there are significant differences in how strongly universities perceive

themselves deprived of institutional autonomy. Particularly the victims of the institutional

Matthew effect find it much harder to maintain their own institutional identity and financial

sustainability (Kim 2013; Park 2015; Lee and Choi 2016).

These concerns with the identity of lower-tier universities and the competitive pressures

they face might explain the modest increase in research output of those universities. With

scientific publications counted in performance evaluation, these universities are forced to

publish anyway. They cannot concentrate on research, however, because they cannot

assure themselves of neither the research funding nor the identity as a research institution.

In the current situation where the South Korean government evaluates universities by
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absolute counts of publications rather than relative growth in publications, it makes more

sense to use the absolute measure of inequality.

In short, the reality of unequal distribution of research output among the Korean uni-

versities is that universities are not competing on an equal footing but in a highly skewed

distribution of resources, reputations, and institutional autonomy. The reality seems to be

much closer to what we find from the trends calculated using the absolute Gini coefficient.

Despite the overall growth, the mobility of universities in the ranking is limited, and their

strata are growing apart as we have shown.

In this study, we mainly touched on the measurement issue of research activity

inequality among universities. We also reviewed the Korean higher education policy

focused on NPM governance reforms as represented by performance-based funding, dis-

cussing at length the situation of the universities in the context of reforms. This review and

discussion were to offer the argument that the perceived type of inequality among the key

stakeholders in the higher education sector in a given policy context is closer to the

absolute inequality. Clearly, further research should follow to demonstrate the causal

relations between the policy and the inequality development. Future studies may use our

study as a basis to reveal and confirm factors underlying such causal relationships.
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Münch, R., Schäfer, L.O.: Rankings, diversity and the power of renewal in science. A comparison between
Germany, The UK and The US. Eur. J. Educ. 49, 60–76 (2014)

Myklebust, J.P., Dobson, I.R.: Academics question pressure to merge universities, http://www.
universityworldnews.com/article.php?story=20160916170857191, (2016)

NABO (National Assembly Budget Office).: Evaluation of World Class University (WCU) program. Pro-
gram Evaluation 11–11. (2011). (in Korean)
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