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Abstract: How do the organizational attributes of public R&D organizations affect their performance?
Recent researchers have focused on the relationship between R&D investments and performance or
efficiency, and others suggest that performance may be affected by organizational factors. However,
we focus on the attributes of R&D workforce excellence and diversity of R&D workforce, which can
affect the performance of public R&D organizations. Therefore, we conduct a panel negative bi-
nomial regression and a focus group interview after empirical analysis to derive interpretations
and implications. The results show that the effects of the diversity and excellence of an R&D work-
force can vary depending on the type of performance: scientific, technological, or social. Overall,
we call for a human resources and resource-based approach to consider the importance of R&D
workforce composition, specifically diversity and excellence, in evaluating the performance of public
R&D organizations.

Keywords: workforce composition; public R&D; performance; government-funded research insti-
tutes; resource-based view

1. Introduction

Research and development (R&D) investment in science and technology is essential
for both developed and developing countries, because science and technology boost eco-
nomic growth by providing fundamental assets for technological innovation [1]. For this
reason, governments have established and operated government-funded research institutes
(GFRIs)—public R&D organizations dedicated to research on innovation such as strategic
technology development for economic growth and science and technology advancement [2].
In general, the role of GFRIs is to correct market failures, including the high investment
risks faced by R&D units in firms and investment avoidance caused by uncertainties in
return on investment. In most cases, GFRIs aim to accumulate knowledge on basic science
at a national level [3] and to strategically conduct special studies on applied research and
development that are essential but not yet chartered by R&D units in firms. Each govern-
ment has its own motivations and systems for operating GFRIs, but overall, they recognize
the institutes as significant enablers of accumulating basic science and technology knowl-
edge in the early stage of a nation’s economic growth [3]. Thus, countries have expanded
their GFRI investments and scales. However, due to the global economy and the global
recession, governments have sometimes had to reduce their GFRI budgets, creating more
competition among institutes that rely on these limited public funds [4]. Furthermore,
as the demand increased for public-sector innovation [5], competitive resource allocation
and performance evaluation became essential for GFRIs to survive [6].

Many researchers have investigated and discussed resource allocation strategies and
performance of private and for-profit organizations through the resource-based view (RBV):
According to the RBV, firms effectively allocate and combine strategic resources that are
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valuable, rare, and difficult to imitate or substitute to enhance their performance [7]. How-
ever, there are too few studies on public R&D organizations. To identify and evaluate the
antecedent factors of GFRI performance, it is necessary to understand the attributes of these
organizations [8]. First, GFRIs are knowledge producers, so they are highly dependent on
human resources; it is fundamental for them to secure human resources with excellent com-
petencies for knowledge creation. These organizations need individuals who can produce
high-level, innovative, intellectual output to create value and deliver knowledge [9,10].

However, similar to studies on R&D units in firms, previous studies on GFRIs have
focused more on exploring perceived factors at the individual or employee level and on
recommending human resource management strategies [11]. Even though management
becomes relevant after human resources are secured, there has not been sufficient research
on the compositions of workforce teams. Although some researchers have addressed strate-
gies for composing the R&D workforce, they mostly focus on the workforce composition
rather than the workforce diversity, and the results are inconsistent [12].

Second, methods of measuring GFRI performance differ from methods for evaluating
private firms; unlike private firms, public institutions such as GFRIs have organizational
goals and emphasize mission over profitability, which makes it difficult to define their
performance from the perspective of the economic view [4,8]. For this reason, there are few
academic studies on measuring GFRI performance. Furthermore, measuring methods vary
depending on whether the research objective is scientific, academic, technological, financial,
or commercial performance, and they utilize different performance indicators [13].

Korea established GFRIs in 1966 and allocates a significant amount of its R&D budget
to these institutes. As of 2019, 25 GFRIs are operating with 15,801 employees, account-
ing for 22.7% of the government R&D budget—about 39.3 billion US dollars per year.
Over the past 50 years, Korean science and technology GFRIs have been critical in im-
plementing government-led economic growth strategies centered on developing science
and technology.

In this context, many Korean researchers have conducted studies on the determinants
and efficiency of GFRIs’ research results. These studies have mainly focused on evaluating
GFRIs’ efficiency and evaluating how these institutes evaluate their own performance.
Despite the political importance of GFRIs, studies have been infrequent and limited in
scope owing to limitations in detailed data regarding workforce composition, performance,
etc. Hence, we examine the effect of organizational attributes of GFRIs on performance.
This study was conducted on the basis of a mixed-method analysis [14]. First, a quantitative
empirical study was conducted. A balanced panel data sample from 19 Korean GFRIs in
science and technology is the setting for investigating the hypotheses proposed in this
research. Second, a qualitative study was conducted to contain the opinions of GFRI
researchers. We conducted a focus group interview of 24 GFRI researchers to strategically
examine their performance and perceptions of workforce compositions and distributions.

This research will contribute to better understanding the workforce composition in
public R&D organizations. In other words, by focusing on the R&D workforce composition,
we can better assess how employee excellence and diversity of R&D workforce affect the
GFRI’s performance. For researchers, this study will help them to uncover the effect of
two R&D workforce composition dimensions, excellence and diversity of R&D workforce,
which many researchers were not previously able to explore. This research also adds
and provides a strategic managerial implication for R&D organizations such as GFRIs’
employment, and public R&D organization constructs a differentiated approach to manage
the excellence and diversity in their R&D workforce.

2. Literature Review and Hypotheses

To build the foundation of the study, we conducted a literature review of academic
discussions on the attributes of public R&D organizations and performance.
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2.1. Workforce Composition on R&D Performance

According to the RBV, human resources have some advantages in strategic compet-
itiveness compared with other internal resources, including financial, technical, and or-
ganizational [7]. This is because human resources enable collective learning, which is
necessary for problem solving, and have the core competence to integrate and coordinate
other organizational resources [7].

Previous researchers have mainly focused on perceived impacts of individual employee-
level factors on R&D performance, analyzing employees’ job satisfaction, perceptions of
performance factors, internal motivations, empowerment, and attitudes toward leaders [5].
However, relatively few investigators have analyzed the workforce compositions and demo-
graphics of research units that directly affect the performance of R&D organizations [12,15].
In particular, there are not enough about the characteristics of workforces in public research
organizations that focus on strategic technology development and application [16].

A review of organizational demography, the manpower of R&D organizations, or
“the composition of a social entity in terms of its members’ attributes” [17] (p. 303), is an
important starting point for understanding the workforces of R&D organizations. This is
because organizational demography provides critical information on the aggregate-level
compositions that affect individual-level attributes. For instance, R&D organizations show
human resources with task-related competencies as well as homogeneity and heterogeneity
across workforce compositions [12,15]. Therefore, when measuring the excellence and di-
versity of human resources who demonstrate problem-solving skills and create innovative
outcomes, understanding demographics still lays a foundation for effective discussions [18].
Accordingly, some studies analyzed strategies and performance according to employee
groups. For example, it has been identified that the characteristics (CEO, employees in
R&D department, organizational status) and roles within organizations responsible for
innovation influence the performance of the organization [19,20].

In general, performance of R&D organizations is driven by their human capital,
which is measured by employees’ competencies [7,18]. This is because employees with
high competencies have skills and knowledge necessary for solving problems and are
better able to meet their job demands both internally and externally [7]. Thus, for R&D
organizations that need to produce high-level intellectual output to create innovative
knowledge, their initial task is to recruit and utilize human resources with excellent re-
search competencies [9]. More specifically, in terms of the organizational composition
aspect, the R&D workforce is divided into full-time and part-time. In general, full-time
researchers have more knowledge and know-how, and higher responsibilities [17,21,22].
A higher education level of an R&D workforce also enables better knowledge and skills,
thereby contributing more to improving performance of R&D personnel [23]. Related to
this, OECD provides a measure of national innovation in Main Science and Technology
Indicator (MSTI), which investigates the ratio of full-time and Ph.D. researchers. In ad-
dition, depending on the importance of these indicators, OECD also included these two
indicators in Fascati manual, which measures the input, output, and outcome of R&D
from the perspective of innovation in national level [24]. However, not only human capital
competencies, such as employee education levels and work experience, but also those of
the social capital that human workforces accumulate both directly and indirectly affect
organizations’ R&D performance. In details, researchers” academic and practical experi-
ence are also crucial. Recent intensification of global competition and the reduction of
technology life cycle require more information related to the market and collaboration
based on networks [25]. Therefore, researchers with foreign degrees, with more understand-
ing of the diverse cultural and technological context and a broader researcher network,
can produce better performance results. For this reason, it has been considered essential
for R&D organizations to recruit, secure, and maintain Ph.D. personnel who have excellent
research capabilities [26], researchers who have received advanced education from overseas
universities [27,28], and researchers who have long-term experience and know-how in
their fields [29,30].
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Performance of R&D organizations is also affected by diversity of organizational
composition [31]; the more diverse the workforce, the better the understanding of different
perspectives and the more knowledge that can be accumulated. For instance, gender diver-
sity can prevent organizations from making homogeneous decisions and create synergy
effects in solving problems [32,33]. Additionally, age diversity can contribute to expanding
social capital [12], and job and knowledge diversity can have positive impacts on combin-
ing knowledge, which is already confirmed by empirical studies [34]. From the information
decision-making perspective, diversity nurtures problem-solving skills, because it enhances
communication within the organization, creating new ideas internally, and introducing
new ideas from the outside [12]. However, from the social categorization perspective,
increasing heterogeneity between employees can diminish cohesiveness of the organization
and cause conflict among the members [35]. This demonstrates that the results of previous
studies on the correlation between diversity and R&D performance are inconsistent.

2.2. Measuring R&D Performance of GFRIs

Organizational performance can be defined as the extent to which organizations
achieve their objectives or missions [36], and many studies have investigated the defini-
tion, measurement, and indicators of organizational performance, but do not provide a
clear or consistent result [29]. Previous researchers have measured short-term efficiency
compared with long-term effectiveness depending on the timing of the performance [27]
and have adopted various performance indicators including productivity, efficiency, in-
novation, social value, demand from outside organizations, contribution to science and
technology development, and customer satisfaction [4], depending on the subject of eval-
uation. Moreover, they have selectively focused on scientific, academic, technological,
financial, or commercial performance, depending on the type of research. For instance,
Brown and Svenson identified (1) internal measures, (2) focus on behavior rather than
outcomes, (3) complicated measurement methods, and (4) subjective measurement as the
main complications of evaluating R&D performance [37] (p. 109). Moreover, Ojanen and
Vuola emphasized that researchers should apply different performance indicators and
measurements based on different R&D types, R&D analysis levels, and phases [38].

Unlike R&D units in firms, the primary goal of the public R&D institutes is neither
profit generation nor product development [39]. Their mission is to produce a research
outcome that serves public interests, such as science and technology advancement, to solve
national or industrial problems, or to set an industry standard [5]. While implementing
this mission, they produce research papers, books, innovative prototypes, and patents,
and they transfer technology by providing consultation to firms and training programs [29].
In particular, GFRIs’ objectives are constantly affected by government policies reflecting the
demand and changes of the national and social environment. Therefore, unlike R&D unit
in firms, GFRIs’ performance must regard whether the purpose of each institute is achieved
and whether it can provide evidence that is comparable with other research institutes [8].
So far, there have been only a few studies on investigating the determinants of GFRIs’
performance rather than considering performance measurement methods and variables
that reflect the organizational attributes of GFRISs.

Meanwhile, Coccia conducted an empirical study of R&D performance of public
R&D labs in Italy and utilizes RELEV (research laboratories evaluation) methodology,
which takes a systemic approach. Coccia evaluated the performance of the institutes in
three categories, financial, technological, and scientific, and used four indexes to mea-
sure the research activities: financial (public resources dependency and self-financing),
tacit technological transfer (training and teaching activity), bibliometric (national publi-
cations), and technological (patents). Coccia’s approach is useful for comparing public
research institutes with different purposes and has been widely accepted by academia as
an empirical method of evaluating the performance of public R&D organizations [4].



Sustainability 2021, 13, 3789

50f17

2.3. Hypotheses Development

We investigated the impact of R&D workforce composition, a strategic asset of public
R&D organizations, on their performance. To do this, we first divided the characteristics
of workforce composition, which contributes to solving problems and creating successful
outcomes, into excellence and diversity [40]. In this study, excellence refers to internal
research capabilities or expertise of workers who conduct R&D tasks [9,18], while diversity
means appropriate composition of research units that contribute to collective learning and
knowledge creation [31,41]. Based on the theoretical discussion earlier, we used share
of Ph.D. researchers, full-time researchers, and researchers with international degrees
(researchers who have received advanced education from overseas universities) as the
excellence of R&D workforce, and age, gender, and R&D jobs were used as diversity factors.

We measured the R&D performance of GFRIs using the revised RELEV method [4],
which divides performance into financial, scientific, and technological, and tactic technol-
ogy transfer adopts performance indicators for each category. We excluded the financial
index, because it does not relate directly to GFRI performance of GFRIs and is not easily
changed by the efforts of organizations. We also changed the tacit technological transfer
index to the social index to reflect its more public nature. In the RELEV method proposed
by Coccia, the index of tacit technological transfer is actually divided into the capacity
for tacit transfer of knowledge to the beneficiaries and teaching activity of a research
organization. In other words, transfer of knowledge produced by R&D organizations to
external beneficiaries is one of the social roles and contributions of public R&D organiza-
tions as missions of GFRIs [4]. However, the capacity for tacit transfer of knowledge to
the beneficiaries is the organization’s capacity to deliver results, rather than a final GFRI
performance. Thus, this study considered the transfer of knowledge by GFRI to diverse
external beneficiaries such as SMEs, operated by public funding, as the achievement of
social responsibility. In fact, Korean government sets technology transfer as one of GFRIs’
social roles and missions. Consequently, the transfer of knowledge is used as a performance
evaluation criterion for GFRIs in this paper.

Specifically, for the composition and measurement of sub-factors of R&D performance,
the metric considers “internationally acclaimed academic publications” to be a sub-factor of
scientific performance; “international patent applications” to be technological performance;
and “technology transfer” to be social performance.

2.3.1. Workforce Excellence and GFRIs” Performance

Stable tenure enhances job involvement [42], job knowledge, and work routines [9],
which ultimately helps each employee grows their expertise and skills [43]. Furthermore,
recruiting full-time instead of part-time employees can reduce expenses in training, de-
creasing costs significantly [44]. Whether a researcher is a full-time regular employee or not,
we can infer that a full-time regular researcher holds more responsibility than a part-time
R&D employee [22]. Therefore, we considered hiring full-time, regular employees to be
human capital investment [30,44]. Above all, a permanent contract can increase job stabil-
ity, attracting highly talented personnel to R&D organizations [29]. There is insufficient
research regarding the directionality of this causal relationship, but Guan, Zuo, Chen,
and Yam noted that increasing the number of full-time equivalent researchers enhanced
R&D performance [45]. Thus, this study assumes that a higher share of full-time regular
employees enhances R&D performance.

Hypothesis 1 (H1). GFRIs with more regular researchers achieve greater R&D performance
(scientific, technological, and social) than do those with fewer regular researchers.

Employee job skills and expertise are essentials for R&D performance [26]. For this rea-
son, public research institutes have a higher tendency to recruit highly educated employees
and utilize them to create value and transfer knowledge than do other organizations [10].
Leaders of such institutes believe that employees with the highest education levels perform
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R&D better than do employees with less education [46]. Education is a key variable in
human capital theory, and it represents explicit knowledge that is necessary for task perfor-
mance [9]. The highest level of education, the Ph.D. level, is known to contribute to job
involvement [42], fast learning, problem solving, and creating innovative outcomes [47].
Thus, when there are more members with strong cognitive desire, individual levels of
human capital increase [29,30], enhancing the R&D performance. Particularly, increasing
the number of employees with a high education level enhances academic (Science Citation
Index, SCI, papers) more than technological (patent applications) performance [37,47].
Thus, we proposed the second hypothesis as follows:

Hypothesis 2 (H2). GFRIs with more Ph.D. researchers achieve greater R&D performance
(scientific, technological, and social) than do those with fewer Ph.D. researchers.

Hiring researchers who can access external sources of knowledge is one of the essential
factors that affect R&D performance [27]. R&D performance is often directly related to
organizational openness to new ideas and problem-solving methods as well as social capital
expansion [28]. Furthermore, hiring employees with international experience provides a
competitive edge in globalizing R&D performance [48]. It helps the organization not only
overcome cultural gaps, but also increase its learning capacity to enter the international
market. For example, researchers who received Ph.D. or master’s degrees from overseas
universities can have broad international research networks, and their colleagues can
benefit from these networks to publish in international journals and register international
patents. Thus, we developed the following hypothesis:

Hypothesis 3 (H3). GFRIs with more researchers with foreign degrees achieve greater R&D
performance (scientific, technological, and social) than do those with fewer researchers with for-
eign degrees.

2.3.2. Workforce Diversity and GFRIs’ Performance

As we discussed above, diverse workforces can support collective learning by helping
organizations consider various perspectives and enjoy an abundant amount of knowledge
and information [12]. In contrast, some argue that diversity can increase heterogeneity
within organizations, diminish solidarity, and cause conflict [35,43]. However, in the case
of GFRIs in Korea, because the Korean government is promoting diversity as its policy
agenda, we prioritized the positive effects of organizational diversity when we formed our
hypothesis. We interpret and discuss contradictory results separately.

First, age is an important variable for social category diversity [49]. When age diversity
is high, the organization or team can secure social capital easily through the internal and
external relationships of employees in different age groups [12]. Hence, it can enhance
performance, because it allows for combining different types of information, technology,
and experience. Furthermore, age diversity created a complementary effect between older
and younger employees [50]. Therefore, we proposed that age diversity can improve the
R&D performance of GFRIs:

Hypothesis 4 (H4). GFRIs with high age diversity achieve greater R&D performance (scientific,
technological, and social) than do those with less age diversity.

Gender diversity is one of the most controversial performance indicators [35,51].
Some argue that it can contribute to creating innovative outcomes by increasing social
interactions among employees, but studies based on social identity theory or similarity-
attraction discrimination have concluded that it can increase employee conflict and thereby
negatively affect performance [15]. However, from the empirical perspective, there are
many empirical and theoretical studies showing that the effect of gender diversity on
performance is positive [12,33,52]. Faems and Subramanian found that R&D manpower,
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educational, and gender diversity have substitutive relationships [12]. Thus, we proposed
that gender diversity enhances R&D performance of GFRIs:

Hypothesis 5 (H5). GFRIs with high gender diversity achieve greater R&D performance (scientific,
technological, and social) than do those with less gender diversity.

Lastly, organizational diversity in organizations bring heterogeneous workforces to
creative problem-solving tasks [53,54]. Therefore, organizations promote diversity to ex-
pand their problem-solving capacities by combining and sharing the varied knowledge,
experiences, and perspectives of their members. Job diversity of public research institutes
can be considered from this perspective; increasing the complexity of tasks or responsi-
bilities can strengthen the correlation between diversity and performance [55]. Indeed,
R&D can be effectively operated through diverse employee types. OECD categorizes R&D
workforces by task as researchers, technicians, and supporting staff [24]. Hence, diversified
R&D tasks that best fit organizational attributes improve R&D performance:

Hypothesis 6 (H6). GFRIs with high job diversity achieve greater R&D performance (scientific,
technological, and social) than do those with less job diversity.

3. Research Methods
3.1. Quantitative Empirical Study

We used data sets with budget and workforce composition information on Korean
science and technology GFRIs for the eight years from 2010 to 2017 at the institute level,
which we obtained from a public institution open information system and from a GFRI
statistics information service. The data used in the empirical analysis are based on eight
years of data from 19 GFRISs, because six of the 25 GFRIs had errors or missing data. There
were a total of 152 final observations.

The dependent variables for measuring performance are each institute’s annual num-
ber of SCI papers, Patent Cooperation Treaty (PCT) applications, and technology transfers.
In this case, empirical analysis was possible with the Poisson distribution model, but the
mean and variance would have to be the same according to the definition of the model.
However, for our data, we found in the descriptive statistics that the dependent variables
had unobserved heterogeneity that is, over-dispersion. So the poisson regression is not
effective for analyzing over-dispersed data sets [56].

Therefore, we used the negative binomial distribution model, which includes het-
erogeneity unobserved in random samples, allows heteroscedasticity, and generalizes the
Poisson distribution model.

We examined the following multiple panel linear regression model for institute
i =1~N, which is observed at each year, t = 1~T. Here, y;; is the dependent variable,
x;; represents the control variables excluding the constant, « is the intercept, p and vy are
parameters, u; is an unobservable individual and institute-specific effect as a time invariant,
and ¢ is an idiosyncratic error term. We also used two variables, excellence and diversity,
for the composition of R&D workforces in GFRIs:

vie =0+ Y BiXit +
i—1

1

1

viCompositiono f RDWork force;; + dummy_year + u; + €;;
=1

3.1.1. Dependent Variables

GFRIs typically focus on publications, patents, and technology transfers as important
indicators of performance, because these are linked to their institutional objectives, unlike in
for-profit firms. In fact, the Korean government has used these indicators to evaluate GFRIs’
performance, and Coccia also utilized the RELEV method to evaluate the performance of
public R&D organizations [4].

Following this line of reasoning, we set the three different dependent variable cate-
gories, scientific, technological, and social, to indicate GFRI performance, in contrast with
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many other researchers who measured financial performance such as firms’ returns on
assets, growth of sales, total sales from innovations, and other traits to reflect innovative
performance from R&D or training investments [13]. First, for the scientific performance,
we measured GFRI performance as the number of published SCI and Science Citation
Index Extended (SCIE) articles in a given year (e.g., [57]) by Clarivate Analytics.

The second dependent variable was the number of PCT applications to indicate
GEFRIs’ technological performance. The PCT is an international treaty administered by
the World Intellectual Property Organization (WIPO) that makes it possible to seek patent
protection for an invention simultaneously in a large number of countries by filing a single
international application with a single patent office [58]. Patents reflect technological
knowledge and are valid and robust indicators of knowledge creation [59,60]. Moreover,
the patent application and examination process can also reflect the external validity of
novel inventions [61] in that the process, which is costly, represents a positive expectation
by inventors of the economic significance of their inventions [61]. For these various reasons,
patents are a reliable and valid measure of R&D performance in research organizations
including for-profit firms [61]. Thus, we used the number of PCT applications to measure
GEFRIs’ technological performance.

The third dependent variable was technology transfer performance. According to
Roessner, technology transfer can be defined as “the movement of know-how, technical
knowledge, or technology from one organizational setting to another” [62]. Many re-
searchers have regarded technology transfer as a role of GFRIs and universities [63].
Over the last decade, the Korean government has emphasized the technology transfer role
of GFRIs, and their mission shifted from just research and development to the aspects of
innovative knowledge producers.

3.1.2. Independent Variables

We assumed that a GFRI’s performance depends on the quality of its researchers,
and as such, to assess the effects of R&D workforce excellence on GFRI performance, we
used three independent variables, namely, share of regular researchers, share of Ph.D.
researchers, and share of foreign degrees. Regarding full-time employment, we assumed
that full-time researchers hold more responsibility than do part-time R&D employees [22],
and thus we used the share of regular research employees to total R&D employees. We also
considered that higher-level academic degrees can significantly improve the performance
of GFRIs and that researchers who received higher-level degrees from overseas universities
can have broad international research networks that can expand researchers’ opportunities
to publish in international journals and register international patents.

Another independent variable is GFRIs” workforce diversity. In this study, we used
three different diversity variables, age, gender, and job composition of R&D workforce;
job composition reflects that different GFRI employees have different types of knowledge,
information, and technology depending on their different tasks. For job composition,
OECD defines types of R&D employees as follows [24]. Researchers are professionals
engaged in conceiving or creating new knowledge; they conduct research and improve or
develop concepts, theories, models, techniques, instrumentation, software, or operational
methods and are typically directly involved in managing R&D projects. We adopted this
OECD definition to measure R&D job diversity of GFRI workforces, dividing the employees
into researchers, technicians, or supporting staff based on their tasks.

To measure the different types of diversity, we used Blau’s index of heterogeneity,
1 — Y p? [64], where p is the proportion of a group in the 'i’ th category. In addition to using
Blau’s index, diversity can be measured in ways such as dividing the standard deviation by
the mean, which is a method for obtaining a scale-invariant measure of dispersion that can
usually measure the characteristics of interval-level variables. However, because our data
set comprised categorical variables, we used Blau’s index to measure the GFRI employees’
age, gender, and R&D job diversity.
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3.1.3. Control Variables

Previous literature suggested that both general and specific organizational attributes
might affect performance and thus need to be controlled for systematically [65]. Therefore,
we controlled for GFRI age, size, and type of R&D activity, which are often linked to GFRI
performance, and we measured GFRI age as number of years elapsed since the year of
establishment. We used three separate organizational values to calculate GFRI size: total
number of employees, labor cost per employee, and total budget [16,66]. To control for the
attributes of each GFRI’'s R&D activity, we measured R&D activity type as a variable. As we
discussed above, each GFRI has an R&D activity type, such as basic science or applied
research, under its own institute mission and the law. Therefore, we used a dummy variable
that took the value of 1 if a GFRI focused on basic science research and was classified under
the law related to GFRIs and 0 otherwise. For confirmation, we also calculated the ratio of
R&D investment in basic science research, which matched the previous classification.

3.2. Qualitative Study
Focus Group Interview Design

To derive interpretations and implications from quantitative analysis, we conducted
focus group interviews after the empirical analysis. From June to July 2019, interviews
with 24 researchers were conducted, based on gender, employment status (full-time or
not), and years of service (Table 1). The interviews comprised four stages: (1) opening
questions, (2) introductory and transition questions, (3) key questions, and (4) ending
questions [67]. For the opening questions, we asked about their current workforce com-
positions, exploring the interviewees’ general perceptions. Then, we asked introductory
and transition questions to help the interviewees prepare for the key question by allowing
them to freely express their opinions about the impacts of their workforce compositions on
their organizations’ performance.

Table 1. Characteristics of Participants.

R&D Year of . Employment Final
Code Age Gender Occupation Service R&D Field Status Degree

Al 60s Male PM 25 Chemistry Regular 1

B1, B2, B3 50s Male PM 15 Aerospace, Mechanical Regular 2
Engineering

C1,C2 50s Female PM 15 Physics, Electronics Regular 1

D1, D2 50s Male Researcher 10 Mathematics, IT Regular 1

E1, E2 40s Male Researcher 3 Chemistry, Bioscience Regular 2

F1,F2 30s Female Researcher 3 Geology, Ele.ctrlcal Regular 1
Engineering

G1,G2 30s Male Researcher 3 Aerospace, IT Irregular 1

H1, H2 40s Male Researcher 3 Electrom.cs, E%ectncal Irregular 2
Engineering

11,12 30s Female Researcher 3 B1osc1en.ce, Materlal Irregular 1
Engineering

J1,]2 30s Male Technician 3 Chemical Engineering Irregular 3

K1, K2 20s Female Technician 1 Chemlst.r Y El.e ctrical Irregular 3
Engineering

L1,1L2 30s Female Researcher 1 IT, Electronics Irregular 1

Notes: N = 24 (Final degree: 1 = Domestic doctorate, 2 = Foreign doctorate (Ph.D. degree achieved at foreign university), 3 = Domestic
master’s degree).

We asked the 24 focus group interviewees to analyze the roles of full-time employ-
ees, Ph.D. researchers, and researchers with foreign degrees in the three categories of
performance and to discuss their perceptions of their organizations’ levels of age, gender,
and R&D job diversity. After this stage, we presented the quantitative study results to ask
the interviewees for their reflections. The ending questions related to the group members’
opinions on the optimal workforce compositions for their organizations’ best performance.
The interviews took two and a half hours on average.
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4. Analysis and Results
4.1. Quantitative Empirical Study

Table 2 shows the correlations between variables and descriptive statistics for the
variables. For the empirical analysis, we tested the multicollinearity of variables, and the
variance inflation factors ranged from 1.56 to 1.92 (average: 1.8), suggesting that multi-
collinearity of variables was not a problem in our analyses.

Our first empirical analysis, shown in Table 3, related to the impact of GFRI R&D
workforce excellence on each performance variable: the numbers of SCI papers, PCT appli-
cations, and technology transfers. First, for H1, the share of regular researchers (z = 2.55,
p < 0.05) had a positively significant impact only on the number of PCT applications among
the three performance variables. Next, the share of Ph.D. researchers had a positively
significant impact on the number of SCI papers (z = 1.81, p < 0.10), the number of PCT
applications (z = 2.61, p < 0.01), and the number of technology transfers (z = 2.42, p < 0.01).
Thus, H2 was supported. This demonstrates that the more highly educated employees at a
GFRI, including Ph.D. researchers, the more SCI papers, PCT applications (technological
or engineering performance), and technology transfers the institute will possess. Finally,
for H3, the share of employees with foreign degrees (z = —2.54, p < 0.01) had a negatively
significant impact on the number of technology transfers, demonstrating a lower likelihood
that GFRI performance would transfer to recipients in GFRIs with high shares of employees
with foreign degrees.

Table 4 shows the impacts of GFRI R&D workforce diversity on the three types of
performance. First, age diversity (z = 2.02, p < 0.05), related to H4, had a positively
significant impact only on the number of technology transfers. However, the opposite
was the case for H5: Gender diversity had a negatively significant impact on the number
of SCI papers (z = —2.39, p < 0.01) and PCT applications (z =—1.89, p < 0.05). Increasing
gender diversity had a negative impact on scientific and technological performance. Lastly,
R&D job diversity, for H6, showed different results for the different dependent variables,
with positively significant impacts on the numbers of SCI papers (z = 2.50, p < 0.01) and
PCT applications (z = 2.00, p < 0.05) but a negatively significant impact on the number of
technology transfers (z = —2.32, p < 0.01).

4.2. Qualitative Study
4.2.1. Relationship between Excellence of R&D Workforce and Organizational Performance

The focus group discussions about the excellence of R&D workforces first focused
on the shares of full-time, regular researchers. The project-based system, which began
in the late 1990s, is a system in which GFRIs cover the minimum amount of labor and
research cost through government funding and procure the remaining capital through
project contracts. The system was designed to encourage GFRIs to change their operational
structures and to minimize costs by securing research funding. Moreover, as the Korean
government’s ratio of R&D budget to its GDP increased over the past 15 years, targeting the
highest level of the OECD, its policy changed in 2010 to focus on improving the efficiency
of the R&D budget.

With this change, the government requested that GFRIs’ increase the efficiency of their
R&D budgets, and so increased their shares of part-time employees to decrease their labor
costs. As a result, part-time employees accounted for about 24% of total GFRI employees
FRIs in Korea as of 2017. This is 10 times higher than that of supporting staff (2.2%).

Interviewees’ opinions about this state of affairs varied from “it can secure the flexibil-
ity of human resource management at the organization level” (Interviewee Al) to “it has
created an environment where researchers cannot focus on their work due to job insecu-
rity” (Interviewee H2), and responses were similar in the discussions about performance.
Similar to the quantitative study result (H1), interviewees supported that increasing shares
of part-time employees could affect GFRI performance.
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Table 2. Descriptive Statistics and Correlations.
Variable Mean g;i, Min. Max. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Number of SCI 188.20 126.00 10 608 1.00
Papers
2. Number of PCT 38713 73476 1 3799 0.19* 1.00
Applications
3. Number of 82.33 136.28 0 787 0.09 0.80 * 1.00
Technology Transfer
4. Share of Regular 0.69 0.14 0.26 0.92 —023* 0.34% 0.46* 1.00
Researchers
5. Share of Ph.D. 0.76 0.17 0.32 0.98 0.19* —038*  —029%  —023*% 1.00
Researchers
%esgk;zree of Foreign 0.17 0.07 0.04 0.35 0.03 —022* —0.16 —0.19* 047* 1.00
7. Age Diversity 078 0.11 0.28 0.86 —025* ~0.00 0.04 ~0.07 0.30* 024% 1.00
8. Gender Diversity 0.22 0.13 0.06 051 0.03 —0.11 —021* —0.15 —026*  —043*  —0.19* 1.00
9. R&D Job Diversity 047 0.11 0.19 0.66 0.13 —058*  —0.63*  —041*% 0.31* 0.22* —0.10 021* 1.00
10. Age of GFRI 29.66 11.91 3 55 0.12 0.19* 0.19* 0.13 0.07 0.10 0.11 —017*  —032* 1.00
}131' Number of Total 703.25 535.66 221 2458 0.31* 0.83* 0.73% 0.32* —0.35* 0.20* 0.11 —029*  —050* 0.30* 1.00
mployees
]152' Labor Cost per 46.90 1.52 5.88 75.43 —0.06 —075%  —051*  —0.18*% 0.47* 0.29* 0.00 ~0.03 032* 0.06 —041* 1.00
mployee
13. Total Budget of
GFRI(USD MiL) 130,190 1.86 27,979 866,616 021* 0.56 * 0.56 * 0.20* —0.14 0.00 0.12 —043*  —044* 0.33* 0.50* —0.38* 1.00
14. Type of R&D 047 0.50 0.00 1.00 032* —030*%  —041*  —048*% 0.13 —0.10 —0.22* 0.11 0.27% 0.09 —0.14 0.33* 0.01 1.00

Activity

Notes: N =152, * p < 0.05 (two-tailed test).
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Table 3. Negative Binomial with Fixed Effects Results of the Excellence of R&D Workforce (H1-H3).

(Model 1) (Model 2) (Model 3)
Variables
Number of SCI Papers Numb(.er o.f PCT Number of Technology
Applications Transfer
GFRI Age 0.062 *** (0.019) —0.024 ** (0.01) 0.065 *** (0.016)
Number of total employees 0.737 *** (0.251) 1.584 *** (0.213) 0.805 *** (0.312)
Labor Costtt }ierl)employee —0.023 (0.125) 0.877 ** (0.368) 0.225 (0.162)
Total GFRI Budget (t — 1) 0.127 (0.099) 0.056 (0.087) 0.311 ** (0.145)
Type of R&D activity —0.934 ** (0.375) —0.454 ** (0.223) —0.582 * (0.351)
Share of rei“iarl)resea“hers 0.156 (0.63) 1.320 ** (0.517) 1.499 (0.957)
Share of P(}t"?'lr)esea“hers 0.905 * (0.501) 0.667 *** (0.256) 0.474 *** (0.196)
Share of foreign degree (t — 1) —0.857 (1.153) —1.328 (1.002) —0.830 *** (0.327)
Constant —5.345 *** (1.781) —12.480 *** (2.007) —11.170 *** (2.445)
Year dummies Included Included Included
Wald chi-square 80.09 *** 150.35 *** 193.70 ***
Log likelihood —695.229 —639.075 —564.437
LR test vs. pooled 167.75 *** 117.80 *** 99.62 ***
Number of Observations 133 126 133

Notes: * p <0.10, ** p < 0.05, *** p < 0.01 standard errors are in parentheses. Labor cost per employee, total GFRI budget, and diversity of

R&D workforce variables are lagged by a year. The upper 5% outliers of data excluded in model 2.

Table 4. Negative Binomial with Fixed Effects Results of R&D Workforce Diversity (H4-H6).

(Model 4) (Model 5) (Model 6)
Variables
Number of SCI Papers Numb?r O.f PCT Number of Technology
Applications Transfer
GFRI Age 0.048 *** (0.009) —0.023 ** (0.009) 0.117 *** (0.016)
Number of total employees 0.622 ** (0.263) 1.385 *** (0.271) 0.021 (0.373)
Labor Cos(i geli;*mployee —0.119 (0.107) 0.889 ** (0.349) 0.07 (0.163)
Total GFRI Budget (t — 1) —0.005 (0.094) 0.088 (0.088) 0.034 (0.144)
Type of R&D activity —0.733 ** (0.339) —0.625 ** (0.258) 0.336 (0.506)
Age diversity (t — 1) —0.953 (0.907) —0.436 (0.793) 0.899 ** (0.446)
Gender diversity (t — 1) —0.999 *** (0.418) —0.585 ** (0.309) 0.468 (1.296)
R&D job diversity (t — 1) 0.619 *** (0.248) 0.154 ** (0.077) —0.262 *** (0.113)
Constant —4.083 ** (1.655) —8.895 *** (2.542) —14.752 *** (2.443)
Year dummies Included Included Included
Wald chi-square 85.71 *** 55.98 *** 228.70 ***
Log likelihood —694.000 —655.105 —565.291
LR test vs. pooled 184.18 *** 109.47 *** 87.22 ***
Number of Observations 133 126 133

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01 standard errors are in parentheses. Labor cost per employee, total GFRI budget, and diversity of

R&D workforce variables are lagged by a year. The upper 5% outliers of data excluded in model 5.

The researchers in the focus groups did agree that increasing part-time employees
could temporarily increase the numbers of productive R&D researchers with doctoral
degrees or higher, which would increase organizations’ capacities to respond to emerging
technologies, acquire the latest knowledge, and expand their research networks. However,
they also mentioned that when the share of part-time researchers grows, it could negatively
affect performance, because it keeps organizations from accumulating research experience

and sustainability.

Finally, regarding the correlation between the share of Ph.D. researchers and per-
formance (H2), most of the respondents said that it creates a positive impact on R&D
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performance. However, they had conflicting opinions about the impacts of researchers with
foreign degrees. Interviewee B2 positively analyzed that “they play a role of transferring
new knowledge within the organization”, but D1 and K2 argued that researchers with
foreign degrees lack the networks within Korean companies to contribute to transferring
research results and distributing knowledge. In other words, in contrast with those who
receive their doctoral degrees in Korea, researchers with overseas degrees lack social capital,
making it difficult for them to directly contribute to transferring knowledge. From this
interview, we can infer the reasons for our finding for H3.

4.2.2. Relationship between Diversity of R&D Workforce and Organizational Performance

Related to the age diversity, research field, and performance, interviewee C2 said,
“in the sectors such as IT and convergence research, where technology is rapidly advancing,
younger researchers have higher performance, but in the sectors such as astronomy and
geology, know-how accumulated through experience is more critical, which means that
there is no significant correlation between age and research performance.” In terms of age
diversity (H4), most of the interviews responded positively: “Senior researchers comple-
ment the lack of experience, research capacity, and research insights of new researchers”
(Interviewee E1), confirming the complementary effect between older and younger employ-
ees [50] that we discussed earlier. Gender diversity was the topic that interviewees found
most difficult to discuss. They analyzed gender diversity considering the research sectors
and work culture of each organization and cited conflicts in terms of how organizations
conduct research and manage teams (Interviewees B1, C1, H2, I2).

Lastly, regarding R&D job diversity, most focus group interviewees said that it had a
positive impact on performance; with appropriate workforce mixes of researchers, techni-
cians, and supporting staff, each member can focus on their own tasks and create the best
outcomes. Specifically, Interviewee B3 said, “to maximize the research outcome, we need
technicians and supporting staff members. The research outcome can be changed depend-
ing on how much support the research organization receives.” However, some interviewees
argued that R&D job diversity is not a priority in the process of creating outcomes, be-
cause its correlation with performance may vary by tasks. For instance, Interviewee D2
said, “when there are too many different positions compared to the tasks they perform,
the organization may be oversized, causing inefficiency.” Based on this interview, we can
infer that the reason for the negative correlation between R&D job diversity and social
performance (the number of technology transfers) is that unlike researchers, technicians
and supporting staff cannot provide practical help in transferring technology. These find-
ings suggest that composing a workforce based on each R&D organization’s objectives can
improve its performance.

5. Discussion

Public R&D organizations have different organizational structures from those of firms,
and the objectives of public R&D organizations relate to scientific and technological rather
than financial performance [39]. Therefore, they have uniquely composed workforces.

Based on this difference, this study analyzed how workforce compositions can affect
the performance of GFRIs in Korea, which set R&D itself as their mission, with mixed
methods. Specifically, eight years of panel data were constructed from 19 GFRIs in Korea,
to empirically examine the effect of excellence and diversity of employees within these
organizations on GFRIs’ performance. Next, quantitative analysis was followed for in-
depth interpretation, where two GIs were conducted for 24 researchers working at GFRIs.
In particular, this research modified the RELEV method [4] to analyze the performance in
three aspects, scientific, technological, and social. Because GFRIs have R&D as their specific
mission, we selected the number of SCI papers to reflect their scientific performance,
the number of the number of PCT applications to indicate technological performance,
and technology transfer, which is transferring the previous two types of performance to
the private sector, to indicate social performance. This conceptual framework reflects that
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GFRI outcomes are not individually segmented, but rather are the integrated result of the
R&D value chain that GFRIs with a public mission pursue.

The results of analyzing the impact of the R&D Workforce Excellence on GFRIs’ per-
formance are as follows. First, we found that the share of regular researchers only had a
positively significant impact on the number of PCT applications; therefore, H1 was sup-
ported by only one of the three dependent variables. This result also matches with our focus
group interview finding that regular researchers with greater responsibility and authority
play an important role in improving performance in the long term. Previous research
has also confirmed that stable tenure enhances job involvement [42] and increases tacit
knowledge and work routines, which in turn enhances employees’ skills and expertise [43].

Second, a high share of Ph.D. researchers plays a positive role in increasing the num-
bers of SCI papers, PCT applications, and technology transfer, which we interpret to reflect
that human resources with higher academic excellence contribute more to enhancing per-
formance. In fact, higher education such as doctorate degrees indicates employees’ job
skills and expertise, the most basic requirements for better performance in R&D organi-
zations [26]. Particularly, GFRIs employ researchers with high levels of education more
than other organizations, and they create value and transfer knowledge through their R&D
employees [10]. In this process, the education level can improve job involvement [42],
support fast learning and problem solving, and help the organization achieve innovative
outcomes [47]. Indeed, we confirmed this conclusion in two focus group interviews with
24 researchers, who are the targets of empirical analysis on the correlation between the
share of highly educated employees and performance.

Contrary to the results above, increasing the share of employees with foreign degrees
had a negative impact on technology transfer, which did not support H3. This is because
most GFRIs’ technologies are transferred to Korean companies, and employees with over-
seas education have weaker networks across Korean firms. Additionally, whereas most
researchers with domestic degrees gain their R&D experience with Korean firms on na-
tional research and development projects during their schooling, researchers with overseas
education have less of this domestic experience. Both our empirical analysis and the focus
group interviews confirmed that researchers with foreign degrees contributed less to social
R&D performance.

Next, the results of the analysis of R&D workforce diversity on GFRIs’ performance are
as follows. First, age diversity (H4) had a positive effect only on technology transfer; in this
respect, high age diversity within GFRI workforces had a positive impact on performance,
demonstrating a complementary effect of age diversity [49,50], which we identified in the
focus group interviews as well; with regard to age diversity, interviewees said that senior
researchers complemented the younger researchers’ lack of experience, research capacity,
and research insights.

Second, higher gender diversity had a negative impact on the number of SCI papers
and the number of PCT applications, and previous researchers have addressed this conflict
between demographic variables [15,68]. Focus group interviewees for this study found
the relationship between gender diversity and performance to be the most difficult topic
to discuss, not because gender affected research capability, but because it can cause em-
ployee conflicts over the long term. Further research is needed to more deeply investigate
this relationship.

Finally, R&D job diversity had a positive impact on the numbers of SCI papers and
PCT applications. This means that researchers need supporting staff members to conduct
research more efficiently and effectively, following the OECD definition [24]. However,
higher R&D job diversity had a negative impact on the number of technology transfers,
which did not support H6. This is because, unlike researchers, technicians and supporting
staff members cannot provide practical help in transferring technology.

Theoretical implications based on our major research results are as follows. The first
significant implication of this study is that we are the first to analyze the impacts of
workforce composition in public R&D organizations on two aspects of their performance:
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excellence in research capacity and diversity in workforce portfolio. Second, this study
is significant because it divided performance into three aspects from the perspective of
R&D value chain, which are the number of SCI papers, the number of PCT applications,
and the number of technology transfers, in contrast with previous researchers. Indeed,
R&D workforce excellence and diversity affected each performance aspect differently,
and this finding contributes to expanding discussions on diversity, which is emerging as an
important topic for organizational research. Third, by utilizing a focus group, a qualitative
research method, we could discuss the results of the empirical analysis in detail, expanding
discussions and contributing to identifying the role of workforce composition from a
new perspective.

This study also provides practical implications. First, in order to enhance organi-
zational performance, not only excellence but also diversity should be considered in
workforce composition. Many organizations, including for-profit businesses, empha-
size employee excellence, but leaders should also consider the qualitative aspects of work-
forces such as their diversity. Second, despite the political, technological, and scientific
importance of GFRISs, related research has only focused on the input side of performance,
such as efficiency. With this study, we emphasize the importance of the quality of human
resources, and we suggest two dimensions of workforce composition, excellence and di-
versity, for practical outcomes. Third, the dimensions have different correlations with the
different types of performance. Our findings suggest that ideal workforce composition
depends on a GFRI'’s particular sector, such as basic science or applied research.

Despite the contribution of this study in investigating the factors of GFRIs performance
by comprehensively considering both quantitative data on the operation and performance
of GFRIs and qualitative data from researchers, the panel data’s observation period is
rather short and it only considered Korean GFRI in the analysis. Therefore, subsequent
research should put more effort into stable data collection and consider various national
characteristics. Additionally, future studies should include more microscopic views on
the interaction of R&D workforce excellence (merit) with diversity [40], public innovative
leadership contributing to performance [5], entrepreneurship [8], mechanism of inter and
intra-governance triggering public innovation [16,39], and more.
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