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ABSTRACT 

 
This paper examines how the percentage of firm employees with 

master’s degree or PhD associated with the firm’s exploratory 

behavior by analyzing the relationship between the percentage of the 

firm employees with master’s degree or PhD and the absorptive 

effort. Additionally, the paper also investigates the stock of 

knowledge as a moderating variable since the firm employees foster 

knowledge performance by utilizing the stock (Argote and 

Fahrenkopf, 2016). 

For the analysis, Korean Innovation Survey (KIS) data from 

Science and Technology Policy Institute (STEPI) in 2018 was used. 

A total of 906 manufacturing SMEs were selected as a sample. 

Multiple regression was performed. In addition, I create 120 matched 

samples to exclude potential confounding variables. 

As a result, my cross-sectional data analysis supports my 

arguments that the percentage of firm employees with an advanced 

degree affects the firm’s exploratory behavior positively and the 

influence of the stock of knowledge shows negative on the firm’s 

exploratory behavior. Moreover, my matched-pairs analysis 

supports that firms with firm employees with an advanced degree 

have higher average of a firm's searching behavior and of external 

R&D investment. 

 

Keyword :  absorptive capacity; absorptive effort; human capital; 

exploratory behavior; external R&D investment 
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 ii 

TABLE OF CONTENTS 

 
I. INTRODUCTION .................................................................. 1 

 

II. THEORY AND HYPOTHESES ........................................... 7 

2.1 Firms employees with advanced degree and absorptive effort ........ 7 

2.2 The paradoxical effect of stock of knowledge .............................. 9 

 

III. METHODS ....................................................................... 12 

3.1 Sample & Data Collection ....................................................... 12 

3.2 Independent Variable ............................................................. 13 

3.3 Dependent Variables .............................................................. 13 

3.4 Moderating Variable .............................................................. 14 

3.5 Control Variables .................................................................. 15 

3.6 Analysis .............................................................................. 17 
 

IV. RESULTS ........................................................................ 22 

4.1 Robustness Check ................................................................. 24 
 

V. DISCUSSION AND CONCLUSION ................................... 27 
 

 

REFERENCES ....................................................................... 30 
 

국문초록 .................................................................................. 35 
 

 

LIST OF TABLES 

TABLE 1 Frequency Analysis of Industry Code ................. 16 

TABLE 2 Descriptive Statistics and Correlations ................ 19 

TABLE 3 Regression Analysis of Firm’s Searching Behavior .....  20 

TABLE 4 Regression Analysis of Firm’s External R&D Investment  ..... 21 

 

 



 

 １ 

I. INTRODUCTION 

 

For their innovative performance, firms strive to learn external 

knowledge (Cohen and Levinthal, 1994). Firms actively learn from a 

broad connection with external sources or through a partnership 

(Inkpen and Tsang, 2005). For example, firms utilize external 

sources including a private R&D lab, a public research center, and a 

university. However, such learning activity cannot be accomplished 

simply by locating a firm near to the knowledge sources. Firms must 

develop their own absorptive capacity in order to ‘exploit’ the 

external knowledge and their absorptive capacity varies according to 

their own resources, knowledge, and processes (Lane and Lubatkin, 

1998; Spender, 1989; Zahra and George, 2002). 

 

Existing studies on the absorptive capacity have provided various 

factors that can contribute to the development of the absorptive 

capacity (Lane and Lubatkin, 1998; Spender, 1989; Zahra and George, 

2002). Among the various factors, human resources are one of major 

resources that are linked to the literature on absorptive capacity 

(Cohen and Levinthal, 1990 Minbaeva et al., 2003; Hatch and Dyer, 

2004). Since the human resources can be firm-specific resources of 

knowledge and skills (Argote and Ingram, 2000), the human 

resources can be considered as a part of prior investment in the 

development of organizational absorptive capacity (Cohen and 

Levinthal, 1990; Hatch and Dyer, 2004). 

 

As a repository of knowledge and skills, the human resources 

can make a main decision actively and dedicate to the development 
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of organizational absorptive capacity (Argote and Ingram, 2000; 

Argote and Miron-Spektor, 2011). Since the ability to assimilate 

external information is greatest when the external information is 

familiar with an individual’s expertise (Cohen and Levinthal, 1990). 

As a result, individual absorptive capacity can be influenced by the 

human capital variables such as individual employees’ 

characteristics and capabilities (Laureiro-Martinez et al., 2010). 

Especially, the learning performance will be amplified when each firm 

employee has higher educational background (Carter, 1989; Lee and 

Meyer-Doyle, 2017). Lee, Wong, and Chong (2005) also supported 

that, of all human capital variables, an education variable shows the 

greatest impact on a R&D performance. 

 

Early works have explained how the educational background 

gives a positive impact on human resources. Individuals with a higher 

education may develop necessary cognitive skills so that the 

individuals can better discover and assimilate the knowledge 

(Jimenez et al., 2015; Schultz, 1959). This implies that highly 

educated employees are in a better position to recognize and value 

new external knowledge (Carter, 1989). Additionally, this view is 

consistent regardless of whether the education aims to be of a 

vocational nature or is more generalist, because the objective of both 

is to develop many of the necessary qualities to conduct a 

professional activity, such as problem solving, initiative, creativity in 

the design of new processes and activities, the use of modern 

communication techniques, as well as team work (Gauthier, 2006). 

While education increases the ability of firm employees, different 

qualities in combining and utilizing resources will develop a unique 

set of learning capabilities for a firm. Therefore, companies with 
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highly educated and trained employees seem to have a more 

expansive level of absorptive capacity and innovative capabilities 

(Minbaeva et al., 2003; Romijn and Albaladejo, 2002; Solnordal and 

Thyholdt, 2019). The empirical finding from Hatch and Dyer’s paper 

(2004) found that the better educated employees affect the level of 

defects on a firm's learning performance. In other words, the better 

educated employees significantly reduce the level of downward shift 

of a firm's learning curve. 

 

Based on these findings, existing studies have considered an 

individual's education-level as an important determinant of 

absorptive capacity (Roy, 2015; Schmidt, 2010; Solnordal and 

Thyholdt, 2019; Vinding, 2006; Xia and Roper, 2008). So, they have 

measured the number of firm employees with a qualified degree as a 

one of human resource elements of absorptive capacity and have 

emphasized the connection between the number of firm employees 

with a qualified degree and firm’s learning or innovative performance 

(Mangematin and Nesta, 1999; Muscio, 2007; Rothwell and Dodgson, 

1991; Roy, 2015; Schneider, Gunther and Brandenburg, 2010; 

Vinding, 2004). For example, numerous studies have further 

supported that the number of individuals with advanced degrees plays 

a major role in contributing to R&D and innovation. Banker and 

colleagues (2009) tested that the number of individuals with 

advanced degrees has a positive impact on IT firm performance. 

Romijn and Albaladejo (2002) showed that the presence of 

university-trained engineers is correlated positively with the 

incidence of major product innovation. Vinding (2006) found that the 

share of academic employees decreases the probability for no 

innovation and increases the probability for producing innovation in a 
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strict sense. Solnordal and Thyholdt's paper (2019) showed the 

average marginal effect of staff members with an advanced degree. 

According to the paper’s results, a 100% increase in staff members 

with a master's degree or PhD in the R&D department of Energy 

Efficiency field would, on average, increase the probability of Energy 

Efficiency innovation by 4.9% or 2.9%, respectively (Solnordal and 

Thyholdt, 2019). 

 

Furthermore, other studies have examined further by 

scrutinizing the impact of possessing employees with high levels of 

education on a firm's exploratory behavior. The impact can be 

explained in two ways. First, the firm employees with higher 

education level have more tacit knowledge and they are better at 

articulating or exploiting external knowledge as well as at recognizing 

the value of external knowledge. So, the studies have explained that 

highly educated and trained employees can act as 'gatekeepers' who 

ease the access to external information (Cohen and Levinthal, 1990; 

Schmidt, 2010; Vinding, 2006). For instance, an adequate stock of 

technically qualified workforce helps a firm to absorb, modify and 

transfer new technological information (Wignaraja, 1998). Rothwell 

and Dodgson (1991) also found that firms need well-educated 

technicians, engineers and specialists to access knowledge from 

outside their boundaries. Secondly, highly educated employees can 

facilitate the formation of relationships with external sources 

(Hoffman et al., 1998). Roy (2015) showed that a greater share of 

employees with a university degree is found to be significantly and 

positively associated with cooperation with private and research 

institutes. Xia and Roper (2008) find that US firms’ engagement with 

exploratory alliances depends more strongly on the education level 
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of the workforce. 

 

To the extent that, I further explore how the percentage of 

employees with a master’s degree or PhD is associated with a firm's 

exploratory behavior. To observe the association, I have brought the 

concept of absorptive effort from Song, Gnyawali, Srivastava and 

Asgari’s article (2018) and focused on the absorptive effort 

dimension of absorptive capacity. This study examines two 

dependent variables: the level of a firm's searching activity on 

external knowledge and the amount of external R&D investment. 

Here, an external R&D investment means that investment in R&D 

activities that involve creating and recombining technological ideas 

(Katila and Ahuja, 2002) with an institution which is not a supplier or 

other relevant actor. Firm’s search for external knowledge means 

firm’s activity or effort to explore externally available knowledge 

(Kohler, Sofka, and Grimpe, 2012). I expect that the percentage of 

firm employees with a master's degree or PhD gives a positive impact 

on searching external knowledge sources and on investing in external 

R&D. I reason that A firm employee with an advanced degree is a 

part of knowledge-building investment, allowing the firm to 

recognize the external knowledge and to encourage external R&D 

(Song et al., 2018). 

 

Additionally, this study also has considered a stock of knowledge 

as a moderating variable. The firm employees foster knowledge 

performance by utilizing an embedded memory system (Argote and 

Fahrenkopf, 2016). However, the effect of utilizing a stock of 

knowledge can be interpreted in two ways. So, I test the competing 

hypothesis in this study. A stock of knowledge may assist the 
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absorptive effort. Since the learning procedure is often a cumulative 

process, the knowledge from previous innovative activity or learning 

performance may encourage the firm’s exploratory behavior. 

However, there is a chance that the stock of knowledge may 

demotivate the firm’s exploratory behavior because the stock of 

knowledge from previous activity may lead firm to exploit the 

existing learning procedure instead of finding the other way, so there 

is a possibility that the stock of knowledge hinders the firm’s 

exploratory behavior. 

 

To test my hypotheses, I use the survey data from STEPI. I then 

employ a multiple regression model to isolate the relationship 

between each independent variable and interpret a regression 

coefficient. My cross-sectional data analysis supports my arguments 

that the percentage of firm employees with an advanced degree 

affects the firm’s exploratory behavior positively and the influence 

of the stock of knowledge shows negative on the firm’s exploratory 

behavior. Also, I create two different groups: treatment group and 

control group and perform an independent t-test to examine the 

impact of percentage of individuals with advanced degree by 

excluding possible confounding variables. 
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II. THEORY AND HYPOTHESES 

 

 

2.1 Firm employees with advanced degree and 

absorptive effort 

 

Absorptive effort refers to the knowledge-building investments 

made by a firm that facilitates searching, identifying and acquiring 

external knowledge (Song et al., 2018). As an active context in the 

learning process, human resources can be part of knowledge-

building investment (Argote and Miron-Spektor, 2011). A certain 

level of employee skills can facilitate the external learning process, 

helping to establish connection with external knowledge sources 

(Argote and Fahrenkopf, 2016; Song et al., 2003; Xia and Roper, 

2008). For example, a firm employee with formal education-level 

influences a firm to access knowledge from outside its boundaries 

(Solnordal and Thyholdt, 2019) or to find a potential partner (Xia and 

Roper, 2008). As a result, the more people with higher educational 

backgrounds, the more advantages of understanding the external 

knowledge firms will gain. Subsequently, the firms would develop a 

search routine leading to investing in absorptive effort. I suggest that 

the percentage of firm employees with a master’s degree or PhD may 

have a positive impact on the absorptive effort. 

 

In my hypotheses, I have selected the firm’s searching behavior 

and external R&D investment as a factor of absorptive effort. The 

reason is that the absorptive effort is generally measured by financial 

investment in R&D and other commitments for technology 
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development (Song et al., 2018). First, the firm’s searching behavior 

will represent the firm’s searching efforts such as search depth and 

search scope. The search depth illustrates how frequently a firm 

reuses the external knowledge sources and the search scope 

presents how widely a firm explores knowledge sources. The 

qualities in external knowledge search routines will enhance the 

firm’s searching behavior. Also, the external R&D investment means 

the investment in R&D activities that involve creation and 

recombining of technological ideas (Katila and Ahuja, 2002) with an 

institution which is not a supplier or other relevant actor. 

 

Firms with more firm employees with master's degree or PhD 

will amplify both the firm’s searching behavior and external R&D 

investment since previous studies have mentioned that highly 

educated employees are in a better position to identify and value new 

external knowledge (Carter, 1989) and develop the interface 

between the firm and its environment (Cohen and Levinthal, 1990; 

Schmidt, 2010; Vinding, 2006). As a result, highly educated 

employees with their individual ability and experience will also 

contribute to the development of external knowledge search routines, 

which is the mechanism that plays a major role in the absorptive 

effort dimensions (Song et al., 2018; Zahra and George, 2002). 

Therefore, I hypothesize: 

 

Hypothesis 1: The percentage of firm employees with a master’s 

degree or PhD is positively associated with firms’ searching behavior. 

Hypothesis 2: The percentage of firm employees with a master’s 

degree or PhD is positively associated with external R&D 

investments. 
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2.2 The paradoxical effect of stock of knowledge 

 

A firm’s absorptive capacity is determined by the experience 

or knowledge that the firm possesses (Cohen and Levinthal, 1990). 

So, I focus on the stock of knowledge as a moderating variable of the 

absorptive effort. In this paper, I have considered the chances that 

the moderating variable has two possible impacts on the development 

of the absorptive effort. The stock of knowledge possessed by firms 

may affect the likelihood of their exploratory behavior both positively 

and negatively. On the one hand, a stock of knowledge would 

contribute to building a firm's capabilities, which leads to greater 

absorptive efforts helping firms to notice, assess, and acquire new 

external knowledge developments more quickly. On the other hand, 

the stock of knowledge may reduce a firm's motivation to learn from 

others, thereby affecting the exploratory behavior negatively. Thus, 

by proposing competing hypotheses, I examine both positive 

absorptive capacity and negative motivational aspects of a firm’s 

stock of knowledge. 

 

First, in order to identify and acquire external knowledge, a firm 

must develop a certain level of absorptive capacity (Cohen and 

Levinthal, 1990). Cumulative knowledge and experience often 

determines the firm’s absorptive capacity to acquire external 

knowledge (Leonard-Barton, 1995). A stock of knowledge is a part 

of prior knowledge or experience within the firm. Therefore, the 

absorptive capacity view suggests that firms with more stock of 

knowledge are better positioned to detect external knowledge than 

firms with less stock of knowledge (Cohen and Levinthal, 1990; Song 
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et al, 2018). As an active player in the organization, firm employees 

with advanced degrees will interact with the stock of knowledge and 

influence the firm’s performance (Argote and Miron-Spektor, 

2011). Since firm employees with advanced degrees possess higher 

cognitive skill (Schultz, 1959), the interaction will be enhanced 

(Carter, 1989). The level of utilizing external knowledge sources and 

the amount of external R&D investment should be higher in firms with 

more stock of knowledge. I expect that the interaction effect between 

higher educated workforce and the amount of patents gives a positive 

impact on the absorptive effort. 

 

Hypothesis 3a: The interaction effect of the percentage of firm 

employees with a master’s degree or PhD and the amount of patents 

is positively associated with firms’ searching behavior. 

Hypothesis 4a: The interaction effect of the percentage of firm 

employees with a master’s degree or PhD and the amount of patents 

is positively associated with external R&D investment. 

 

 However, there exists a likelihood that the stock of 

knowledge obstructs a firm’s exploratory behavior. Firms with the 

stock of knowledge may already have established trajectories to 

identify or acquire the valuable external knowledge, ultimately being 

less willing to develop the firm's absorptive effort. The cumulative 

successes of the firm’s exploratory behavior lead a firm’s 

exploratory behavior to become path-dependent (Dosi, 1982). 

Especially, path-dependent processes make a firm more likely to 

pursue R&D or learning procedures along its existing trajectories. 

Therefore, the firm will limit an effort on external searching and also 

decrease the additional amount of the external R&D investment. In 
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other words, the firm with more stock of knowledge is more likely to 

pursue searching and R&D along its existing routines. Considering 

this possibility, I propose that the stock of knowledge has a negative 

moderating effect. 

 

Hypothesis 3b: The interaction effect of the percentage of firm 

employees with a master’s degree or PhD and the stock of 

knowledge is negatively associated with firms’ searching behavior. 

Hypothesis 4b: The interaction effect of the percentage of firm 

employees with a master’s degree or PhD and the stock of 

knowledge is negatively associated with external R&D investment. 
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III. METHODS 

 

 

3.1 Sample & Data Collection 

 

I have used the Korean Innovation Survey (KIS) data from 

Science and Technology Policy Institute (STEPI) to test my 

hypotheses. STEPI has conducted the survey every two years. KIS 

2018 was carried out in order to assess Korean Manufacturing 

firm’s innovation behavior. The sample for KIS 2018 covers 3,500 

firms of Korean manufacturing firms, classified into 22 industries at 

the level of Korean Standard of Industry Classification (KSIC). The 

survey measured their performance as of 2017. The survey data 

provides information on firm size, demographic information, 

innovation costs, how the firms conduct exploratory behavior, etc. 

From this data, I have selected 932 tech small and medium 

enterprises equipped with competitive edge based on their innovation 

capabilities. This competitive edge can be identified with certification 

of ‘Inno-Biz’ granted by Korea Technology Finance Corporation 

(KOTEC). 

 

Firms that did not respond to one of the questionnaires were 

excluded from the sample (26 firms). Most of the excluded firms 

were companies that did not report the number of patents. The 

sample that included both the percentage of firm employees with 

master’s degree or PhD and the number of patents consisted of a 

total of 906 small and medium enterprises. Since this survey provides 

one firm-year observation, I perform cross-sectional analysis to 

test my hypotheses. 
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3.2 Independent variable 

 

In the survey data, each firm provided the total number of firm 

employees and the percentage of firm employees with master’s 

degree or PhD as of 2017. I used the percentage of firm employees 

with master’s degree or PhD because the absolute number of firm 

employees can be varied by the firm size. 

 

3.3 Dependent variables 

 

In this paper, I present two main dependent variables: firm’s 

searching behavior and external R&D investment. First, the firm 

answers which external knowledge source is more important (scale 

0~4). In the survey, firms rated the importance of publicly available 

information for their innovation process from five sources on a five-

point Likert scale ranging from “not used” (0) to “highly important” 

(4). The external knowledge sources were: other firms in the same 

industry, private service company (consulting or commercial lab), 

college or other academic institution, government laboratory, public 

and private laboratory. To generate firm-specific measures of 

utilizing external knowledge sources, an exploratory factor analysis 

of the responses is conducted. Factor analysis is a statistical 

technique that reduces a large number of interrelated questions to a 

small number of underlying common factors that are primarily 

responsible for covariation in the data. I identify one factor with an 

eigenvalue. An orthogonal varimax rotation is conducted in order to 

interpret the factors with respect to their informational content. Both 
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the Kaiser-Meyer-Olkin Measure of Sampling Adequacy and 

Bartlett's test of sphericity confirm that a factor analysis may be 

useful with my data. In extraction communalities, there are no small 

values indicating that variables do not fit well with the factor solution. 

This factor score reflects conceptualization of knowledge search on 

the external knowledge sources. (Kohler et al., 2012). As a result, I 

use the factor score as a firm’s searching behavior variable to test 

my hypotheses empirically. 

For the second dependent variable, I have utilized the provided 

number in the survey. In this survey, firms also answered the 

percentage of innovation costs for external R&D purposes. The firms 

provided the total amount of innovation costs and the percentage of 

each internal and external R&D investment. In this survey, the total 

innovation costs are the sum of internal and external R&D investment. 

The percentage will imply how much the firm distributes its 

innovation cost on the internal or external R&D. I have used the 

percentage instead of the raw number of external R&D investment 

because the raw number can be associated with the firm size. The 

raw number can be misrepresented how much does the firm weigh 

on the internal or external R&D. I only used the amount of external 

R&D in total innovation cost. This number is my second dependent 

variable: external R&D investment. 

 

3.4 Moderating variable 

 

Calculating a patent stock is one way for measuring the stock 

of knowledge (Bloom and Reenen, 2002). The number of extant 

patents is presented in the survey data. The firm has counted the 

total patents that existed between 2015 and 2017. This hardly 
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represents the result of the R&D activity as of 2017 because there 

is generally 4 to 6 years of the time lag between patent filing and 

patent issuance. Instead, it represents a stock of knowledge that has 

been utilized in the firm's absorptive effort. 

 

3.5 Control variables 

  

Firm age was measured as the difference between the year 

when a firm is observed in the sample and the year when the firm is 

founded. To control firm size, I have used sales and the total number 

of employees which were from the survey data. Both measures are 

logged to correct for skewness. Since the survey has included 

various companies that are listed either on KRX (Korea Exchange 

Market), KOSDAQ, or KONEX, I have created dummy variables 

indicating whether a firm is listed on KRX (Korea Exchange Market), 

KOSDAQ, or KONEX. Finally, Industry is another variable that I need 

to control. Some industries may have more people with advanced 

degrees in the labor market. It may result that firms in certain 

industries will hire more people with advanced degrees. For instance, 

the semiconductor related labor market will have more people with 

advanced degree than the furniture related labor market. The 

industry code is provided in the survey data. The industry is 

categorized according to the Korean Standard Industry Code (KSIC). 

I found that there are 22 different industries in the sample. Table 1 

shows the frequency analysis of industry code. I have created dummy 

variables for each industry code: 10 to 33. 
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Table 1: Frequency Analysis of Industry Code 

Industry Code Frequency Percentage (%) 

10 31 3.4 

11 2 0.2 

13 13 1.4 

14 7 0.8 

15 3 0.3 

16 2 0.2 

17 9 1 

18 4 0.4 

19 1 0.1 

20 47 5.2 

21 9 1 

22 71 7.8 

23 13 1.4 

24 27 3 

25 100 11 

26 111 12.3 

27 45 5 

28 92 10.2 

29 180 19.9 

30 102 11.3 

31 19 2.1 

32 9 1 

33 9 1 

Total 906 100 
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3.6 Analysis 

  

The hypotheses were tested using a multiple regression 

model. The multiple regression model will identify the independent 

effects of a set of variables on a dependent variable. A key goal of 

regression analysis is to isolate the relationship between each 

independent variable. The interpretation of a regression coefficient 

is that it represents the mean change in the dependent variable for 

each 1 unit change in an independent variable when you hold all of 

the other independent variables constant. However, table 2 shows 

that there is a correlation between the percentage of firm employees 

with master’s degree or PhD and extant patents. When independent 

variables are correlated, multi-collinearity may occur in a linear 

regression model. Therefore, I checked with variance inflation 

factors (VIF). Statistical software calculates a VIF for each 

independent variable. If the VIF value lies between 1 and 10, then 

there is no multi-collinearity. But, if the VIF is less than 1 or more 

than 10, then there is multi-collinearity. According to my test results, 

VIF values were between 1 and 6, suggesting that there is no multi-

collinearity. Therefore, I conclude that there is a moderate 

correlation, but it is not severe enough to warrant corrective 

measures. There is no multi-collinearity problem in my regression 

model. 

 

In my analysis, I standardized the percentage of firm 

employees with master’s degree or PhD and the number of patent 

variables by subtracting the mean to reduce the structural multi-

collinearity. This process involves calculating the mean for each 

continuous variable and then subtracting the mean from all observed 
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values of that variable. Then, use the standardized variables in my 

model. The interaction term will be the standardized independent 

variable times the standardized moderator. The interpretation of the 

coefficients remains the same. The coefficients continue to represent 

the mean change in the dependent variable given a 1 unit change in 

the independent variable. 
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Table 2: Descriptive Statistics and Correlations 

Variables (1) (2) (3) (4) (5) (6) (7) 

(1) Searching Behavior 1       

(2) External R&D Investment .262** 1      

(3) Firm Age -.016 -.021 1     

(4) Firm Sales .145** -.012 .285** 1    

(5) Total Number of Employee .144** -.029 .276** .847** 1   

(6) Percentage of Employees with Advanced Degree .165** .176** -.099** -.138** -.161** 1  

(7) Patent .000 .032 -.036 .099** .138** .186** 1 

Mean .0256 3.52 18.83 9.542 3.977 .0021 .0593 

Std. Dev .9975 11.167 9.583 1.230 .965 12.373 8.942 

p<0.01 **  p<0.05 * 
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Table 3: Regression Analysis of Firm’s Searching Behavior 

Variables 
Model 

1 
Model 

2 
Model 

3 
Model 

4 

Firm Age -.039 
(.004) 

-.035 
(.003) 

-.038 
(.003) 

-.034 
(.003 

Firm Sales .106* 
(.049) 

.098 
(.049) 

.093 
(.049) 

.083 
(.049) 

Total Number of Firm Employees .045 
(.064) 

.083 
(.064) 

.097 
(.064) 

.108* 
(.064) 

     

Percentage of Firm Employees 
with Advanced Degree 

 
.164*** 
(.003) 

.176*** 
(.003) 

.202*** 
(.003) 

Patent 
  

-.064* 
(.004) 

-.020 
(.004) 

Percentage of Firm Employees 
with Advanced Degree X Patent 

   
-.121*** 

(.000) 

Constant -.514 
(.337) 

-.600 
(.333) 

-.627 
(.333) 

-.601 
(.331) 

Observations 906 906 906 906 

R-squared .136 .159 .163 .173 

F-Statistics 4.911 5.719 5.674 5.894 

Stand errors in parentheses  p<0.01 *** , p<0.05 **  , p<0.1 * 

 

 

 



 

 ２１ 

 

Table 4: Regression Analysis of External R&D Investment 

Variables 
Model 

5 
Model 

6 
Model 

7 
Model 

8 

Firm Age -.008 
(.041) 

-.002 
(.041) 

-.002 
(.041) 

.001 
(.041) 

Firm Sales .066 
(.583) 

.058 
(.574) 

.058 
(.575) 

.051 
(.575) 

Total Number of Firm Employees -.096 
(.753) 

-.053 
(.748) 

-.054 
(.753) 

-.046 
(.753) 

     

Percentage of Firm Employees 
with Advanced Degree 

 
.185*** 
(.031) 

.184*** 
(.032) 

.202*** 
(.033) 

Patent 
  

.003 
(.043) 

.033 
(.046) 

Percentage of Firm Employees 
with Advanced Degree X Patent 

   
-.084** 
(.001) 

Constant 2.839 
(3.976) 

1.757 
(3.920) 

1.771 
(3.926) 

1.974 
(3.919) 

Observations 906 906 906 906 

R-squared .041 .071 .071 .076 

F-Statistics 1.325 2.296 2.217 2.303 

Stand errors in parentheses  p<0.01 *** , p<0.05 **  , p<0.1 * 
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IV. RESULTS 
 

 

Table 2 presents means, standard deviations, and correlations 

among the variables in this study. Table 4 and 5 shows the 

relationship among the independent variable, the moderating variable 

and the dependent variables. I have controlled the industry dummy 

variables in the analysis, but the dummy variables are not indicated 

in the tables. 

 

Table 4 presents the main effect and interaction effects of the 

percentage of firm employees with master’s degree or PhD and the 

stock of knowledge on firm’s searching behavior. Mean centering 

was conducted to get the interaction effect of the percentage of firm 

employees with master’s degree or PhD and the stock of knowledge. 

As the base model, Model 1 introduces all of the control variables. 

Model 2 includes both control variables and the main effect of the 

percentage of firm employees with master’s degree or PhD. In 

Model 3 and 4, the moderating variable and interaction variable is 

entered. 

 

Table 5 presents the main effect and interaction effects of the 

percentage of firm employees with master’s degree or PhD and the 

stock of knowledge on external R&D investment. For the interaction 

effect, mean centering was also conducted. As the base model, Model 

5 introduces all of the control variables. Model 6 includes both control 

variables and the main effect of the percentage of firm employees 

with master’s degree or PhD. Model 7 and 8 introduces the 

moderating variable and interaction variable. 
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Hypothesis 1 proposes that the percentage of firm employees 

with a master’s degree or PhD is positively associated with a 

firm’s searching behavior. In Model 2, the coefficient for the 

percentage of firm employees with a master’s degree or PhD is 

positive and statistically significant (p<0.01), providing support for 

Hypothesis 1. 

 

Hypothesis 2 proposes that the percentage of firm employees 

with a master’s degree or PhD is positively associated with external 

R&D investments. In Model 6, the coefficient for the percentage of 

firm employees with a master’s degree or PhD is positive and 

statistically significant (p<0.01), providing support for Hypothesis 2. 

 

Hypothesis 3a and 3b present competing hypotheses about 

the moderating effect of the stock of knowledge on the relationship 

between the percentage of firm employees with a master’s degree 

or PhD and firm’s searching behavior. Model 4 shows that the 

interaction term between the stock of knowledge and percentage of 

firm employees with a master’s degree or PhD is negative and 

statistically significant (p<0.01), supporting that the firm’s 

innovative process becomes path-dependent. Thus, hypothesis 3b is 

supported- the positive effect of percentage of firm employees with 

a master’s degree or PhD on firm’s searching behavior tends to be 

weakened when the firm has more stock of knowledge. 

 

Hypothesis 4a and 4b also present competing hypotheses with 

a different dependent variable: external R&D investment. Model 8 

shows that the interaction term between the stock of knowledge and 
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percentage of firm employees with a master’s degree or PhD is 

negative and statistically significant (p<0.01). Thus, hypothesis 4b is 

supported- the positive effect of percentage of firm employees with 

a master’s degree or PhD on external R&D investment tends to be 

weakened when the firm has more stock of knowledge. 

 

For the competing hypotheses, both hypothesis 3b and 4b are 

supported. It implies that the stock of knowledge is more likely to 

demotivate firms to explore knowledge sources. Therefore, it is 

supported that, once the firms found a way to acquire knowledge from 

the established trajectories, the firms are less willing to seek more 

new and external knowledge sources. 

 

4.1 Robustness check 

  

In my analysis, there is a possible confounding variable. 

Logically, one of the industry variables from my model can be a 

confounder that are related to my both independent and dependent 

variables. Especially, I have to consider the possibility that firms in 

certain industries have more employees with a master’s degree or 

higher. For instance, firms in the mechanical industry are more likely 

to have firm employees with a master’s degree or higher than those 

in the food industry. Therefore, I checked two conditions: whether 

an industry variable correlates with the independent variable and 

whether an industry variable is causally related with the dependent 

variable. In a strict sense, the medical industry and metal industry 

from my model are a confounding variable that meets the two 

conditions. 

To exclude the potential confounding variables, I perform a 



 

 ２５ 

propensity score matching. Propensity scores are an alternative 

method to estimate the effect of receiving treatment when random 

assignment of treatments to subjects is not feasible. In this study, a 

treatment group will be the firms with firm employees with master’s 

degree or PhD and a control group will be the firms without firm 

employees with master’s degree or PhD. Propensity score predicts 

likelihood of having employees with master’s degree or PhD as a 

function of firm age, firm sales, total number of employees, type of 

industry, and variable denoting whether a company is listed on stock 

market. 

 

To remove the selection bias between the treatment and the 

control groups, I perform propensity score matching by using R 

version 4.0.5. 120 firms from the treatment group and 120 from the 

control group are matched. 786 firms are unmatched. From the 

matched group, I have compared the treatment group’s average of 

the firm's searching behavior and of external R&D investment with 

the control group’s average of the firm's searching behavior and of 

external R&D investment. In the group of firms having employees 

with master’s degree or higher, means of firm’s searching 

behavior is .299501 and standard deviation of firm’s searching 

behavior is 1.0464. Means of external R&D investment is 4.21 and 

standard deviation of external R&D investment is 10.924. In the 

group of firms without employees with master’s degree or higher, 

means of firm’s searching behavior is -.763124 and standard 

deviation of firm’s searching behavior is .690727. means of external 

R&D investment is .33 and standard deviation of external R&D 

investment is 2.220. To compare the mean difference, I perform an 

independent t-test. The test result shows that the mean difference 
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between both groups is significant. Therefore, I conclude that the 

treatment effect makes the difference on a firm's searching behavior 

and on external R&D investment. 
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V. DISCUSSION AND CONCLUSION 

 

  

This study examines the impact of the percentage of firm 

employees with master’s degree or PhD on the firm’s exploratory 

behavior. To observe the changes in the firm’s exploratory behavior, 

I have brought the concept of absorptive effort from Song et al. (2018) 

and used the firm’s searching behavior and external R&D 

investment as dependent variables. Also, I have added the stock of 

knowledge as a moderator. My cross-sectional data analysis 

supports my arguments that the percentage of firm employees with 

an advanced degree affects the firm’s exploratory behavior 

positively and that the influence of the stock of knowledge shows 

negative on the firm’s exploratory behavior. 

In addition, I perform propensity score matching to exclude potential 

confounding variables from the cause-and-effect relationship. The 

result indicates that companies with firm employees with master’s 

degree or PhD have higher means of firm’s searching behavior and 

higher means of external R&D investment than companies without 

firm employees with master’s degree or PhD has. The difference is 

also significant. 

 

Nonetheless, this study has several limitations. First, this 

study relies on survey data provided by STEPI to measure firm’s 

searching behavior. Since the answer for the questionnaire was 

subjective, it is hard to expect the firm’s searching behavior. It is 

possible that respondents may not be fully aware of their reasons for 

any given answer because of lack of memory on the subject. Also, 
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the answer options may be interpreted differently by respondents 

due to the questionnaire on searching behavior which has been asked 

as Likert scale. To overcome this problem, future studies should 

consider using more objective measurement for firm’s commitments 

on the exploratory behavior. 

Second, this study may suffer reverse causality since the survey data 

only shows one firm-year observation. It is arguable that the 

searching behavior and external R&D investment is not a latter event. 

There is a possibility that a firm will hire more people with master’s 

degree or PhD since the firm already targets on searching external 

knowledge sources or investing on external R&D. However, this 

study was not able to get full panel data to exclude the possibility. 

Even though STEPI performs the survey every 2 years, there was a 

difficulty on matching the individuals because of confidentiality. 

Future studies should consider using panel data to overcome the 

reverse causality issue. 

 

Third, this study was not able to check additional 

characteristics of firm employees such as diversity. Firm employee 

diversity is also found to influence firm’s searching behavior. Taylor 

and Greve (2006) find that members with diverse knowledge engage 

in more exploratory search. Also, Franke et al. (2013) claims that 

involving individuals who have distant knowledge enhances the 

firm’s exploration. Even though the diversity of knowledge plays an 

important role in the firm’s exploratory behavior, the given survey 

data did not provide much details about individual major or school 

name. There is a possibility that people with different schools or with 

different majors create effective exploration. The future study should 

consider to gathering more details about individual advanced degrees. 
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Lastly, the results of this study are based on data from Korean 

manufacturing SMEs. Although this study used innovation-oriented 

SMEs, Korean business landscape is unique because it shows limited 

effort towards innovation: lack of innovative performance and lack of 

financial support when they are compared to those of other nations 

(Kang, 2019). The exploring performance may be different in the 

service industry or in other country settings. Thus, caution should be 

exercised in generalizing results from this study. 
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국문초록 

  

 

기업내 석박사학위 취득자 비율이 

기업의 외부지식 탐색 전략에 미치

는 영향 

김 태 원 

경영학과 경영학전공 

서울대학교 대학원 

  

본 연구는 기업내 석박사학위 취득자 비율이 기업의 외부지식 

탐색 전략에 미치는 효과를 살펴보고, 기업의 지식보유역량이 가지는 조

절효과를 고찰하였다. 이를 위해, 한국기술혁신조사(KIS)의 2018년 제

조업 중소기업의 자료로 다중선형회귀분석을 실시하였다. 분석결과, 석

박사학위 취득자 비율에 따라 기업의 탐색전략과 외부 R&D 투자 모두

에 유의한 긍정적인 영향을 주는 것으로 나타났고, 지식보유역량의 매개

효과는 모두 유의한 부정적인 영향이 나타났다. 이는 기업내 석박사학위 

취득자 비율은 기업의 외부지식 탐색 전략에 영향을 주는 결정요인이며, 

지식보유역량이 주는 조절효과에서 기업은 경로의존성을 확인하였다. 

 

주요어: 흡수역량; 인적자원; 외부지식탐색활동; 외부R&D투자 
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