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ABSTRACT 

This dissertation is an academic attempt to make answers to a couple of research 

questions: What are the potential factors to internally affect the effectiveness of 

organizations’ learning by doing activities and how do the network characteristics of 

organizations influence the effects of those internal factors on the effectiveness of 

learning by doing? By using the automobile engine manufacturing plants in North 

America 1995-2006 as the research context, this study suggests three factors to influence 

the effectiveness of learning by doing: (1) the change of part-time worker ratio, (2) the in-

house manufacturing ratio, and (3) the failure of quality control. To measure the 

effectiveness of learning by doing, this study uses the extent to which productivity is 

enhanced by following the convention of organizational learning perspectives.  

In addition to the direct effects of the internal factors, this study pays attention to 

the interaction effects of the network properties of engine plants and each internal factor 

on the effectiveness of learning by doing in order to examine the influence of the 

networks in which engine plants are embedded. The network properties of engine plants 

used in this study are degree centrality and closeness centrality, which are obtained from 

the engine plants’ production-based networks. The findings show that both the increase 

of the part-time worker ratio and the high in-house manufacturing ratio negatively affect 

the productivity enhancement and that those negative effects are mitigated when plants 

have high centralities in networks. Intriguingly, this study reports that plants with 

unsuccessful quality control tend to focus more on productivity enhancement, but such 

tendency is likely to be distracted by the high extent of centrality due to the contingency 

of knowledge irrelevance.  
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This study makes at least two contributions to the extant literature of learning by 

doing: It first empirically examines the effects of three internal factors on the 

effectiveness of learning by doing based on in-depth literature review, while there are few 

empirical studies that did so. It also expands the research areas of learning by doing by 

investigating the effects of the network features of organizations on the effectiveness of 

learning by doing.  
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CHAPTER 1 

INTRODUCTION 

Organizations have long been thought of as entities that proactively learn just as 

individuals do (Cyert & March, 1963; March & Simon, 1958). On this premise, a great 

number of scholars have participated in the academic endeavors to build a refined 

understanding of how and why organizations behave in certain ways to achieve their 

goals. Through this ongoing stream of collective academic effort, the organizational 

learning perspective has emerged as a solid foundation on which an extensive amount of 

academic research about organizations has been coherently conducted over five decades 

or so (Schulz, 2005). 

From this perspective, various types of organizational learning that contribute to 

organizations’ goal accomplishment have been theoretically suggested, and the effects of 

each type on the outcomes of organizations’ behaviors have been empirically investigated. 

Among the suggested types, the notion of experiential learning, in which an organization 

learns from its own past experience, has been highlighted as a most compelling viewpoint. 

Obviously, experience is a primary route by which an organization learns and develops 

knowledge relevant to its activities (Argote, 1999; Huber, 1991; Schulz, 2005). Therefore, 

a number of previous empirical studies based on this notion have attempted to explore the 

hidden factors that affect experiential learning processes, positively or negatively. 

However, despite the extensive body of literature on learning by doing, a great many of 

the factors affecting experiential learning remain empirically unexplored. 

Therefore, it is a crucial task of scholars with an organizational learning focus to 

find the hidden factors that are responsible for organizational learning from prior 
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experience. Given this task, many scholars attempt to identify the elements of 

experiential learning and suggest directions for future empirical studies. For instance, 

several scholars in learning curve studies have presented a set of the potential factors that 

are worth conducting research on: increased capabilities of individuals in organizations, 

motivations of workers, standardization of operational procedures, improvement of 

manufacturing processes, specialization and division of labor at both individual and 

organizational levels, and so forth (Adler & Clark, 1991; Argote, 1999; Epple, Argote, & 

Devadas, 1991). 

However, it seems that the efforts to identify the factors affecting experiential 

learning are still limited in terms of the locus of learning sources. Most of the factors to 

which the learning curve scholars have paid attention tend to be something identified 

within organizational boundaries. In other words, the focus of learning curve studies, 

although they form a great part of the experiential learning research, still tends to 

maintain a closed-system viewpoint. At first glance, this seems quite natural because 

experience accumulated by learning by doing activities, by definition, is a kind that 

organizations endeavor to build by their own activities within their boundaries. However, 

organizations are also located in a broader environmental or social context in which they 

may also have chances to acquire knowledge relevant to their operational activities. 

Therefore, in order to respond to the challenges of the open-system view of organizations, 

other concepts of experiential learning have been suggested, such as vicarious learning 

(Huber, 1991). More specifically, learning curve scholars also admit that experience 

relevant to organizations’ internal operations can be obtained from outside sources 

(Argote, 1999; Darr, Argote, & Epple, 1995; Epple et al., 1991). However, how 
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organizations learn from others, especially in regard to operational activities, has not yet 

been properly investigated in terms of social processes.  

This dissertation is an attempt to both theoretically and empirically respond to 

these challenges to full understandings of organizations’ learning by doing activities. 

Despite the somewhat narrow focus of the extant learning curve studies, they have 

provided some noteworthy insights on learning by doing that are relevant to this study. 

First, they emphasize the importance of examining how and why organizations show 

conspicuous variation of the effectiveness of learning activities, despite the general 

phenomenon that an organization improves its performance as it continues to obtain 

operation-related experience, although the rate of improvement in performance tends to 

decrease over time. Next, they provide a solid theoretical and empirical foundation for 

the idea that a notable outcome of learning by doing is increased productivity, which 

allows the effectiveness of learning by doing to be empirically examined. Based on these 

insights, the first task of this study is to suggest a set of potential factors that affect the 

effectiveness of learning by doing, which can be captured by productivity enhancement 

and is to empirically investigate how those factors influence productivity enhancement.  

As pointed out, it is also academically necessary to expand the idea of learning by 

doing by taking into consideration the fact that organizations also are exposed to 

opportunities to acquire knowledge about their experiential learning activities from 

outside their own boundaries. In order to explore this, I choose to build my theoretical 

framework on the social network perspective. Briefly, the social network perspective 

views the social structure of organizations as a relational structure in which organizations 

are linked to one another by a certain type of relation. Organizations, by taking certain 
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positions in a given relational structure, would be given opportunities to enhance 

performance as well as obligatory roles derived from their relations.  

More specifically, certain relational positions give organizations not only chances 

to obtain relevant knowledge flowing from their relations to their learning activities, but 

also roles in which they can coordinate the control of knowledge with others linked to 

them in the relational structure. In this study, I argue that the extent to which 

organizations enhance their learning by doing effectiveness, particularly by internal 

factors within their boundaries, also would be affected by certain network properties that 

organizations can have because of the  specific characteristics of their network positions.  

I also contend that the present study is comparatively advanced because it 

examines not only the bright side of network properties, but the potentially dark side as 

well. Most previous studies that investigate the effects of network characteristics of 

organizations are inclined to simply assume that the beneficial effect of network 

properties is more compelling, based on theories such as those of social capital, structural 

holes, or the strength of weak ties (e.g., Adler & Kwon, 2002; Burt, 1992, 2005; 

Granovetter, 1973, 1983). However, as Burt (1997) points out, the benefit of network 

properties has very contingent aspects, so it is not naturally guaranteed under certain 

conditions. With careful attention to this argument, this study also examines whether 

network properties of organizations benefit or damage the organizations’ learning by 

doing.  

As for the internal factors that affect the outcomes of learning by doing activities, 

this study suggests three such factors: (1) the change of workforce composition captured 

as the part-time worker ratio, which is considered the repository of knowledge acquired 

by ongoing experiential learning; (2) the change of manufacturing processes as the in-
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house production ratio, considered as knowledge from experience which is 

technologically embodied in improved production systems; and (3) the extent to which 

other goals than productivity are well achieved, considered as the effectiveness of quality 

control, a potential factor affecting the productivity-related learning curve. Each factor is 

first examined for its direct effect on the extent to which productivity is enhanced in 

terms of experiential learning, relying on relevant organizational learning theories. Next, 

how the effect of each factor would be affected by a set of network properties that an 

organization is given by the relational structure in which the organization is linked to 

others is investigated based upon the social network perspective. In this study, the 

network properties of organizations are presented as a set of network centralities known 

to crucially influence the organizations’ activities in the network structure in terms of 

learning processes: degree centrality and closeness centrality. While degree centrality 

focuses on local network contexts, closeness centrality sees broader global network 

contexts. 

This study makes at least two contributions to the study of organizational 

experiential learning. First, it suggests potential factors that affect the effectiveness of 

experiential learning based upon an intensive literature review and empirically examines 

those factors through a well-designed analysis. Second, it expands the learning by doing 

literature from the intra-organizational level to the inter-organizational level by including 

a social network perspective. This makes it possible to see how certain features of 

network positions will influence the extent to which organizations make internal efforts 

to enhance the productivity of the learning curve. Given that there are few studies that 
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conduct research with this focus, it provides a previously lacking in-depth understanding 

of the social influence on learning by doing activities. 

The research context of this study is automotive engine manufacturing plants 

operated in the North American region from 1995 to 2006. The automotive industry has 

often been used as the research setting of organizational learning research that focuses on 

internal aspects of experiential learning. In this vein, the research setting of the current 

study is not only appropriate for the examination of the specific research questions, but is 

also somewhat advanced in that the data on the variables of theoretical interest was 

directly collected at the plant level. 
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CHAPTER 2 

THEORY 

2.1 Productivity and learning by doing 

Although there are various definitions of productivity across industries, increased 

productivity is one of the most important goals that complex organizations make efforts 

to accomplish (Banker, Chang, & Natarajan, 2005; Brush & Karnani, 1996; Lapré & Van 

Wassenhove, 2001; Lieberman & Demeester, 1999; Lieberman, Lau, & Williams, 1990). 

In particular, the organizational learning perspective sees productivity not only as a goal 

that an organization tries to achieve but also as an indicator of how effectively it learns 

through its operational activities. From an organizational learning perspective, 

organizations are entities that learn from various sources and utilize what they previously 

learned so as to reach the goals that they purposively set. As Cyert and March (1963) 

point out, not every behavior of an organization can be captured as a learning activity due 

to the complex characteristics of the behaviors of organizations. Therefore, a certain kind 

of lens is required to see how well an organization performs in its learning activities, and 

productivity is suggested as an indirect, yet powerful way to examine the effectiveness of 

learning (Argote, 1999). 

Among the sources of organizational learning, previous experience is a primary 

one by which an organization can enhance its productivity (Huber, 1991; Levitt & March, 

1988; Schulz, 2005). The close association of experience and productivity has been 

examined particularly in the learning curve literature. Since Wright (1936) first 

discovered the relationships between experience and productivity and presented his 

empirical findings as the learning curve, a great number of scholars in this area have 
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empirically confirmed the generalizable features of the learning curve phenomenon and 

theoretically elaborated it within the academic tradition of organizational learning 

(Argote, 1999; Lapré & Nembhard, 2010). In sum, the association of experience and 

productivity is graphically illustrated in the well-known learning curve. As Figure 1 

shows, productivity is a positive function of experience accumulated by an organization. 

Based on this solid and consistent research finding, I assume that productivity is a very 

appropriate lens through which the effectiveness of experiential learning can be examined, 

despite its retrospective nature. 

Given this assumption, my next question is what experience enhances 

productivity and how this varies over organizations in terms of processes. An 

organization is a complex set of various routines as a learning entity (Cyert & March, 

1963; March & Simon, 1958). However, extant empirical research that explores 

experiential learning based on the learning curve perspective does not seem to directly 

address the internal processes that consist of learning activities in detail. In fact, the 

previous studies of learning curves mostly use accumulated production as a proxy 

variable that can capture the overall effect of experiential learning by assuming that 

experience is absorbed in the products as a whole (e.g., Argote, Beckman, & Epple, 

1990a; Argote & Epple, 1990; Darr et al., 1995; Epple, Argote, & Murphy, 1996; Lapré 

& Tsikriktsis, 2006; Levin, 2000). Therefore, despite the extensive amount of research, 

the details of experience that contribute to productivity enhancement are not yet unveiled.   
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Figure 1. An example of a learning curve 

Source: Epple, D., L. Argote, & R. Devadas, 1991, “Organizational learning curve: A method for 

investigating intra-plant transfer of knowledge acquired through learning by doing,” 

Organization Science, 2, 58–70.  
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As Lapré and Nembhard (2010) point out, an organization deliberately employs as many 

activities that may enhance its learning by doing beyond those involved in its basic 

operation as possible. In a broad sense, these deliberate activities are also considered to 

be composed of experience from which an organization learns overall. 

It does not seem to me, after an intensive literature review, that a satisfactory 

synthesis has yet been introduced that comprehensively covers the factors that may affect 

learning by doing. However, several scholars have suggested lists of plausible factors 

affecting learning by doing. For example, Epple et al. (1991) suggest a brief list of factors 

based on their literature review, and Adler and Clark (1991) also provide a short list of 

factors. More recently, Lapré and Nembhard (2010) attempt to construct a theoretical 

framework by which the inside of learning by doing can be explored. Reading these 

papers led me to develop a set of factors that are both conceptually independent and 

empirically testable. 

I propose that the effectiveness of learning by doing can be captured by the 

productivity outcome. Therefore, the effects of the factors of learning by doing on the 

productivity enhancement outcome will be examined in the following section. As for the 

factors, I first pay attention to relatively internal activities that operate within the 

organizational boundaries. I then propose that under certain social conditions, the direct 

effects of these factors would be moderated or enhanced. This attempt to develop a 

theoretical frame is, obviously, based on the open-system view in which organizations 

not only learn from their inside activities, but also are conditioned by their social 

characteristics. Because I argue that the outcome of each internal activity is influenced by 

social conditions, I begin to develop my theoretical frame by focusing on social factors 
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by which organizations may be influenced in their learning by doing activities in the 

following section.  

2.2 Network properties 

Organizations do not exist alone, but are located in a broader context in which 

many of them are somehow interlinked. Organization studies are mostly based on the 

open-system perspective, as it is an intuitive fact that organizations, autonomously or not, 

are social entities by their nature. Therefore, in order to understand any kind of 

organizational activity it is necessary to consider the social characteristics of 

organizations. The social network perspective provides a solid theoretical foundation by 

which the social nature of organizations can be explored. According to the social network 

perspective, a social structure is an interlinked relationship structure in which social 

actors take certain positions to encourage or discourage their actions (Wasserman & 

Faust, 1995). A great amount of attention has been paid to this relational view of social 

structure because it not only enables scholars to theoretically explore the social processes 

among actors quite closely, but provides them with a useful lens with which to 

investigate in depth how the actors in a relational structure interact with one another in 

terms of their value-seeking activities. By using the social network perspective, scholars 

are able to examine not only the behaviors of individuals, but also those of collective 

actors such as organizations. 

Over the past three decades or so, the social network perspective has been widely 

used, particularly by scholars with a strong interest in organizational studies (Borgatti & 

Halgin, 2011). This tendency within academia is primarily due to the notion of the social 

network perspective that some organizations may benefit from positional features derived 
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from where they are located in a relational structure (Burt, 1992). For instance, previous 

research has investigated the possibly beneficial effects of organizations’ network 

characteristics in a variety of organizational activities: innovation (Powell, Koput, & 

Smith-Doerr, 1996), alliance formation (Gulati, 1999; Stuart, 1998), attention in markets 

(Hansen & Haas, 2001), and so on. 

Briefly, the logic behind network benefits is that a network structure functions as 

a conduit of knowledge that is relevant to purposive organizational activities (Owen-

Smith & Powell, 2004; Podolny, 2001). This logic becomes more compelling when the 

benefit of knowledge flowing in an organization’s relations is understood particularly 

from the organizational perspective. As Argote (1999) argues, the outcomes of 

organizational learning from experience can be embodied conceptually as various types 

of knowledge, which can be not only elaborated better within organizational boundaries, 

but also potentially transferrable even beyond these boundaries. Thus, a relational 

structure captured as a network configuration may provide opportunities by which an 

organization enhances the effectiveness of its internal activities of learning by doing.  

Given this, it is obviously worth exploring how social network structure affects 

experiential learning, which can be captured as the enhancement of productivity. There 

have been several theoretical attempts to describe how organizations specifically benefit 

from their network characteristics. By focusing on the value of the objects that may flow 

through the linkages between organizations, scholars with a resource-based view 

emphasize the value of the knowledge itself. However, such an approach does not seem 

to pay attention to the importance of social structures, because it sees the impact of what 

is transferred through a network rather than the role of the network configuration. Thus, 
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this approach suffers from a shortcoming in that it cannot see how valuable knowledge 

can be reached by organizations in need. 

The social network perspective, therefore, introduces more structure-based 

theories that focus on relational features such as the strength of weak ties (Granovetter, 

1973, 1983), the structural holes argument (Burt, 1992), or the competitive importance of 

relational status (Podolny, 1993). In particular, these ideas of the social network pay 

attention to how well a social actor is connected to others in a relational structure, and 

emphasize that certain ways of building connections with others may generate network 

benefits for social actors. Based on the beneficial characteristics of social networks, 

scholars in the social network perspective have developed a metaphorical concept of 

“social capital,” (Adler & Kwon, 2002; Burt, 2005) and, recently, a growing number of 

empirical studies about inter-organizational dynamics have been emerging that are based 

on this concept. 

Organizational learning is also an area that extensively incorporates the social 

network approach to understand how an organization can learn from others (Ingram, 

2005). For instance, a growing number of empirical studies focusing on vicarious 

learning have been conducted based on social network theory (Denrell, 2003; Kim & 

Miner, 2007; Srinivasan, Haunschild, & Grewal, 2007). As Podolny (2001) suggests, 

networks function as a set of interlinked pipes through which can flow the knowledge 

that organizations seek. Likewise, Burt (1992) also points out that one of the largest 

advantages of taking certain positions in a network is the informational benefit. From an 

organizational learning perspective, therefore, network properties that organizations 

obtain by taking certain positions in a network possibly contribute to organizations in 
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their learning by doing activities. Given this, more refined knowledge is created and is 

possibly transferred to others over network linkages. In this sense, network properties 

emerge as a crucial type of social capital by which an organization learns more 

effectively. Previous empirical studies using this logic of social network benefits support 

this argument. In particular, the positive effect of network properties on productivity 

enhancement is supported (Darr et al., 1995). Therefore, I present my first proposition as 

follows: 

Proposition 1. Owing to the knowledge benefits provided by network properties, 

an organization with good network connections may enhance the effectiveness of 

its learning by doing and increase its productivity more effectively. 

However, taking a network position with more benefits does not in itself and 

autonomously give an organization such benefits. It is very important to pay careful 

attention to the fact that network properties are by nature given as structural conditions. 

This means that what certain network positions provide in terms of connectivity is not 

knowledge, but opportunities to more effectively access knowledge (Burt, 2005). Unless 

an organization makes appropriate efforts to utilize the beneficial functions of network 

properties, it is unlikely to enjoy the benefits. Even worse, despite such efforts, it is also 

possible that an organization cannot actually make use of its network properties in 

favorable ways. As Adler and Kwon (2002) carefully point out in their critical review on 

social capital, social capital actually has two faces: benefits and risks. Social capital does 

not always function as capital, literally. Even the same network property functions 

differently under certain conditions. Although it is still in an early stage, a stream of 

network research that looks into the dark side of network properties is being presented in 
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both conceptual and empirical studies. The studies focusing on the potential damages of 

network characteristics suggest a counter-concept of “social liability” opposed to social 

capital (Adler & Kwon, 2002; Hansen, Podolny, & Pfeffer, 2001; Johanson, 2001; 

Labianca & Brass, 2006; Nooteboom, 2001). 

Based on these two distinctive approaches to the effects of network properties, I 

also carefully approach how network properties function in their effects on organizations’ 

learning by doing activities. The argument that even the same kind of network properties 

could work on organizations in opposite ways leads me to suggest that there might be 

contingent aspects of network properties. In other words, the effects of network 

properties are likely to be conditioned by contingencies, such as whether organizations 

have other contingent factors that are intermingled with the social factors derived from 

network characteristics. Although still burgeoning, there are few academic attempts to 

theoretically approach this matter (Hansen et al., 2001; Nooteboom, 2001). As previously 

mentioned, Adler and Kwon (2002) developed such an approach to social capital in a 

conceptual manner. It is also intriguing that Burt, one of the most prominent of the 

figures who emphasize the benefits of network properties, has often pointed out the 

contingent features of network properties and has even conducted empirical studies on 

this with his colleagues and on his own (Burt, 1997; Burt, Jannotta, & Mahoney, 1998). 

In this vein, I also argue that the way that network properties function is 

dependent on the contingent features of the modes of learning by doing activities (Burt, 

1997; Emirbayer & Mische, 1998; Harrington, 2001). Although the findings of previous 

empirical research on the effects of social networks on organizational learning are fairly 

consistent in reporting the beneficial effects, the effects of the same kind of network 
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properties that an organization obtains from its network positions and connectivity may 

differ, depending upon the contingent factors interacting with the network properties. 

More specifically, the beneficial aspects of network properties can be thought of as 

burden-loading ones, given that a network position that previous studies have proposed to 

include opportunities to utilize knowledge benefits could also suffer from either overflow 

of irrelevant knowledge or knowledge-controlling obligations among network partners. 

This potential drawback in the functionings of network properties could emerge under 

certain contingent conditions such as peculiar aspects of internal learning by doing 

processes. Therefore, I propose my second proposition as follows: 

Proposition 2. Under certain contingent conditions, the network properties 

known to be beneficial in learning by doing activities may function in unexpected 

ways to hamper the effectiveness of learning by doing activities. 

In the following sections, I develop propositions about several intra-

organizational factors that may directly affect the effectiveness of organizational 

experiential learning in terms of productivity outcome. Based on the two propositions 

regarding the effects of network properties developed in this section, I go further with the 

theoretical elaboration of how the internal factors of learning by doing activities are 

affected by the network characteristics of organizations.  

2.3 Workforce composition 

As Cyert and March (1963) point out, an organization is a collective entity that is 

composed of people. If the notion that an organization can learn on its own is valid, it is 

also valid to say that the primary learners within the boundaries of an organization are 

people who work for the organization (Nonaka, 1994). Therefore, I pay attention to how, 
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collectively, the workforce of an organization may function as a primary factor that 

affects the organization’s learning by doing. Argote (1999) argues that experiential 

learning is a behavioral process by which useful knowledge for operational improvement 

can be created and retained within the organization. In experiential learning processes, 

the first level agents that apply established knowledge to the operation, capture any 

potential opportunity to create knowledge for the organization, store the knowledge in a 

stable form, and appropriately retrieve the knowledge when required are the people who 

participate in the operation. Therefore, how an organization deals with its workforce must 

be examined in depth to see the underlying factors that affect the effectiveness of learning 

by doing (Argote, 1993). From a knowledge-based viewpoint, people-embodied 

knowledge is the foundation of an organization’s core capabilities of learning by doing 

and is fundamental to the improvement of productivity, while organizational knowledge 

may be embodied in various forms, such as tools, tasks, technologies, and people (Argote 

& Ingram, 2000). 

In addition, the importance of people in organizational learning processes can be 

found in the typology of organizational knowledge. In its on-going operational activities, 

an organization is also given chances to document the obtained knowledge and embody it 

into technology-based routines through standardization. Despite organizational capability 

of transforming knowledge from operations, it is often pointed out that certain knowledge 

is very difficult to standardize and transform from its existence in human minds to 

machinery knowledge bases. Therefore, organizational efforts to build technology-based 

knowledge out of people-embodied knowledge through refined codifying systems cannot 
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be completely successful. People tend to maintain tacit knowledge not only in their minds, 

but also in the interrelated collaborative work procedures among them. 

Given the importance of the workforce, human resource management studies have 

investigated how an organization effectively utilizes its workforce in terms of knowledge 

management and organizational learning within the boundaries of the organization. For 

example, it is established common knowledge in the traditions of human resource 

management that highly motivated workers with job satisfaction and organizational 

commitment contribute to the overall performance of organizations, which also generates 

the assumption that workers encouraged to have good attitudes toward organizations are a 

crucial factor for an organization to increase the effectiveness of its learning by doing 

processes (Porth, McCall, & Bausch, 1999). In general, a stable work environment in 

terms of job security or trust among workers built by workers’ good job attitudes is 

essential for effective organizational learning. 

However, in circumstances either in which individual workers voluntarily leave 

the organization or in which organizations have to lay off their workers or change the 

workforce’s composition with labor externalization due to competition and fluctuating 

economies, the learning by doing ability of a stabilized workforce can inevitably be 

damaged. Thus, change of workforce composition, which may occur as high turnover or 

frequent membership change among workers, becomes an important factor of 

organizational learning. For example, in his well-designed simulation in which various 

factors of organizational learning can be examined, March (1991) also included the 

turnover factor by reconstructing the simulation model as an open system where people 

come and go. Briefly, the result shows that while the extent of socialization among 
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workers and that of turnover are intermingled, high turnover and low socialization result 

in low exploitation, which can be interpreted as a way of internal learning within the 

organizational boundaries. This report provides a useful insight by which the effect of the 

change of workforce composition on organizational learning is anticipated. Additionally, 

Argote (1993) conducted an in-depth literature review about the effect of turnover on 

learning curves, and concluded that in general, turnover has a significant negative effect 

on the effectiveness of organizational learning. For example, as Argote, Epple, Devadas, 

and Murphy (1990b) report, turnover of highly skilled workers has a significant negative 

effect on productivity. 

Research that focuses more on human resource management (HRM) practices 

also supports the negative association between insecure job environment due to rapid 

changes in workforce composition and the effectiveness of organizational learning 

(Harvey & Denton, 1999; Sterman, Nelson, & Kofman, 1997). For example, Pucik (1988) 

points out the importance of HRM practices for organizations’ capability of learning, 

especially in the strategic alliance context. Invisible assets such as tacit knowledge 

accumulated in people resources are articulated by appropriate HRM practices. Obstacles 

to organizational learning may result from a complex set of HRM practices, which, for 

instance, focus on short-term outcomes such as decreasing costs. By replacing 

comparatively expensive workforces that are employed full time with cheap and flexible 

part-time workers, firms may make themselves look good in financial reports. However, 

in the long term, this may do damage to the most valuable human assets containing hard-

to-codify knowledge regarding the production processes. This goes beyond simple issues 

of cost-focused priorities. Based on this argument, I propose: 
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Proposition 3. The frequent and intensive change of workforce composition has 

detrimental effects on the effectiveness of learning by doing, because it may cause 

the demoralization of a workforce in its activities of experiential learning. 

As argued in Chapter 1, organizations do not exist alone, but are located in social 

environments in which they have certain relationships with others. This relational 

structure provides the organization with opportunities to benefit from its network 

properties, which may be captured in how it is connected to others. The relations can also 

function as a conduit of knowledge relevant to the organization’s learning by doing 

activities. Given this, I argue that the proposed detrimental effects of the change of 

workforce composition can be understood to be influenced by relational conditions. In 

this study, the workforce is conceptualized as a main part of organizations that is capable 

of creating and retaining knowledge. From this knowledge-based understanding of the 

workforce, it is also likely that the potential loss of knowledge due to the change of 

workforce composition can be compensated for by a network resource captured as a good 

connection to other organizations. The internal processes of dealing with knowledge 

created and retained by the workforce may be damaged if the individual workers having 

knowledge do not remain in the organization or if a good job environment in which the 

workers build a trustful working community within the organization’s boundaries is 

corrupted by an intensive change of workforce resulting from managerial practices 

intended to reduce costs. However, such an internal process may be, to a certain extent, 

overcome if organizations have chances to fill in the loss of knowledge by obtaining 

knowledge from their direct and indirect network partners. However, to obtain such 

benefits, it is necessary that the organization have a good network position, such as a 

position with efficient and effective connectivity to others who have the knowledge the 
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focal organization seeks to compensate for the loss of the knowledge that used to be 

contained in its workforce (Owen-Smith & Powell, 2004; Powell et al., 1996). In addition, 

my argument is supported by previous empirical studies that examine the moderating 

effects of network properties on the detrimental association of malfunctioning internal 

activities and the outcome of organizational learning (Dekker & Van den Abbeele, 2010; 

Hansen, 1999; Mizruchi, Stearns, & Fleischer, 2011). Thus, I present my fourth 

proposition as follows: 

Proposition 4. The detrimental effects of a change of workforce composition can 

be mitigated by network properties with good connections, because the network 

properties may provide opportunities to compensate for the internal loss of 

knowledge with knowledge from outside.  

2.4 Process improvement activity 

As repeatedly emphasized, an organization learns from its own experiences and 

enhances its productivity as a result of learning activities. Along with the workforce that 

is capable of extracting and storing more refined knowledge about its operation, an 

organization also attempts to build tangible types of knowledge bases in order to spur its 

experiential learning. In other words, organizations do not simply rely on the workforce, 

but articulate the knowledge obtained from the experience of the workers into a codified 

version of that knowledge. Through this transformational process, organizations are able 

to improve their operational procedures. Regarding this process of converting knowledge, 

Nonaka (1994) argues that tacit knowledge residing in the minds of the workforce is 

transformed into externalizable explicit knowledge and that this can be done with the 

help of artificial intervention such as organizational development programs. According to 
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Dutton and Thomas (1984), who extended Levy’s (1965) concept of induced learning, an 

organization’s efforts to capture the knowledge of the workforce in an explicit form for 

the purpose of improving the production processes is an important part of learning by 

doing. The embodied version of explicit knowledge obtained through such knowledge 

conversion can be found in organizational settings as improved standardization of 

operational procedures, improvement of product design, improvement of product-based 

technology, and so forth. Thus, I pay attention to the improvement of operational 

processes as a crucial factor that potentially contributes to organizations’ learning by 

doing activities. 

Considering the current trends of production practices, in which whole processes 

of production are not done by a single organization from start to finish, the extent to 

which an organization has achieved noticeable improvement of operational processes can 

be captured by how much an organization externalizes its production processes by 

building trustful production networks with partners under its effective control (Sturgeon, 

2002). This kind of practice can be possible when the production processes reach certain 

levels of standardization and modularization of the product components, and thus the 

organizations that are able to utilize the practice of externalizing their operational 

processes are considered to have accumulated knowledge to that extent. Furthermore, the 

extent to which an organization utilizes the externalization of production shows the 

organization’s capabilities of effectively enhancing its productivity. For example, the 

externalization of production enabled by modularized product procedures may encourage 

the organization to pursue more specialized types of learning by doing (Mikkola, 2003). 

This is very plausible, because an organization is able to reserve its resources by 
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externalizing the sufficiently exploited parts of its operation as transferrable embodiment 

of knowledge and concentrate the reserved resources on the yet unexploited parts of its 

operation. Thus, the improvement of productivity can be more effectively achieved by the 

organizations that can focus more on where new knowledge can be made (Espino-

Rodríguez & Padrón-Robaina, 2006; Lei & Hitt, 1995; Prahalad & Hamel, 1990). In 

addition, by making use of external production processes, an organization may also invite 

external knowledge (Jiang, Belohlav, & Young, 2007). Therefore, I propose:  

Proposition 5. The improved form of operational processes such as the 

externalization of production processes contributes to organizations’ learning by 

doing, because it gives an organization more opportunities to focus on yet 

unexploited areas of learning. 

If an organization outsources parts of its production processes, while it sustains 

the core knowledge of production and designs good control of outsourced components 

with the help of good relations with the other parties in outsourcing contracts, the extent 

to which the production is outsourced may be considered as a gauge to see how much it 

achieves organizational learning in terms of production routines. Conversely, if the extent 

to which an organization utilizes its opportunities to externalize its operation as explicit 

types of operational knowledge is lower, it is likely to suffer from a relatively low degree 

of learning by doing. Assuming that the network types of production currently prevail 

over various industries, the organizations that still maintain all procedures of operation 

within their boundaries are likely to lose competitive advantages to their opponents in the 

same industry. Therefore, it is necessary for those that lack the capabilities of utilizing 
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external production processes to compensate for the disadvantages derived from their 

underdeveloped operational processes. 

As argued above, the beneficial aspects of production externalization come from 

its contribution to more opportunities to internally develop experiential learning 

processes. Organizational resources reserved from the practice of externalizing operations 

can be more concentrated in exploitative learning activities, so the organizations without 

good use of this practice cannot take advantage of more opportunities to develop 

operational knowledge. Therefore, from the learning by doing viewpoint, the difference 

between the organization using the practice and the one not using it can be found in the 

potential variation of knowledge development. In Section 2.2, I argue that network 

properties may contribute to learning by doing by external knowledge acquirement 

through network connections. Focusing on the fact that externalization of processes also 

plays a crucial role in knowledge acquisition, I suggest that network properties may 

compensate for the lack of the opportunities to enhance experiential learning that may be 

given by process externalization. Therefore, I present my sixth proposition as follows: 

Proposition 6. The disadvantage of the underuse of improved forms of 

operational processes such as production externalization may be compensated for 

by network properties because of the knowledge benefits provided by network 

properties. 

2.5 Multiple goals 

Organizations are entities that pursue certain goals they priorly set, and the goals 

are usually more than one (Cyert & March, 1963; Simon, 1964). In the current study, I 

focus on productivity enhancement as the main goal of organizations’ learning by doing 
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activities. While in previous sections I discussed a couple of factors that are rather 

directly related to the goal of productivity enhancement, I here pay attention to the 

existence of other goal achievement activities and their effect on learning by doing 

activities in terms of productivity goals, based on the fact that organizations tend to 

pursue multiple goals at the same time. According to the behavioral theory of the firm, an 

organization has to allocate its attention resources to a set of goals due to bounded 

rationality (Cyert & March, 1963). Multiple goals of an organization, therefore, have to 

compete for managerial attention resources in terms of priority (Ocasio, 2010). To 

allocate its limited resources of attention to the right places, an organization examines the 

importance of each goal it pursues (Price, 1972). In this goal priority assessment, the 

organization relies on how well each goal was previously achieved and whether it will be 

effectively improved in the future compared to the others (Kernan & Lord, 1990). A goal 

that wins according to these two criteria will obtain more organizational attention than 

other goals, and therefore it can be focused on more in terms of learning by doing 

activities. 

Assuming that productivity enhancement is highly ranked among organizational 

goals, an organization would decide to pay more attention to productivity enhancement if 

another goal that has a similar priority rank was not comparatively well achieved and is 

not likely to be more improved than productivity in an expected time. I argue that 

organizations also tend to compensate for the loss that may derive from failed goals by 

focusing on goals with high rank in priority. Therefore, I propose: 

Proposition 7. In the case that an organization experiences unsuccessful 

outcomes of other goals, it will make more effort in the goal of enhancing 

productivity to make up for the losses of those other goals. 
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As argued in Section 2.2, the effect of a social network is not always beneficial. 

Whether the effect is beneficial or harmful depends on the contingent characteristics of 

how an organization intends to utilize the network properties. The contingent aspects of 

social networks have often been mentioned in previous studies, but there are few studies 

that have specifically touched upon the negative effect of network properties considered 

as social capital. In my review of the literature, Hansen et al. (2001) study looks like the 

only empirical study to date. Intriguingly, they found that the same network properties 

function in completely opposite ways depending on the characteristics of tasks that social 

actors are engaged in. The findings of their study present a useful insight, which is that 

distinction of goals can also function contingently on the effect of network properties. 

It is likely that organizations’ motivation to pay more attention to productivity 

enhancement activities by responding to the failure of other goals to meet expectations is 

hindered by network properties because overflow of knowledge regarding productivity 

would make the organization neglect the motivational signal from other goals’ failure. 

Therefore, compared with those having network properties with less benefits, 

organizations with good network properties may disregard the attention-related signals 

from other goal activities. Unlike the two factors that I argue would be benefited by 

network properties because they are both presumably productivity-oriented activities, the 

extent to which other goals are achieved is by definition distant from productivity 

enhancement. I argue that this goal-based difference may contingently function on the 

effect of network properties, so it leads organizations to show different outcomes of 

interaction of network properties. Based on this, I propose: 
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Proposition 8. Due to the distinctive contingencies of goals other than 

productivity, an organization with good network properties in a production-related 

network is unlikely to allocate its attention from failed goal activities to 

productivity enhancing activities. 
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CHAPTER 3 

HYPOTHESES 

As mentioned in Chapter 1, this study develops hypotheses to test based on the 

research context of automotive engine manufacturing plants in the North American 

region from 1995 to 2006. The automotive industry has been one of the most advanced 

manufacturing industries since the modern industrial revolution began. From the 

managerial viewpoint, it has not only adopted the most state-of-the-art technologies 

introduced so far, but also developed the most advanced versions of operational processes. 

For example, one of the earliest applications of Taylor’s managerial ideas of time and 

motion study was industrially realized in Ford’s conveyor belt assembly lines, an 

application widely accepted as having revolutionized cost productivity in industrial 

history. In sum, the automotive industry is the very spot where virtually every kind of 

new managerial idea is experimentally invited in to be applied in a variety of areas, and 

therefore it has had tremendous use as a research setting in which scholars interested in 

organizational studies examine their ideas (e.g., Cachon & Olivares, 2010; Chung, 

Mitchell, & Yeung, 2003; Dobrev, Kim, & Carroll, 2002; Dobrev, Kim, & Hannan, 2001; 

English & Marchione, 1983; Goyal, Netessine, & Randall, 2006; Haunschild & Rhee, 

2004; Lieberman & Demeester, 1999; Lieberman et al., 1990; MacDuffie, Sethuraman, & 

Fisher, 1996; Rhee & Haunschild, 2006; Rhee, Kim, & Han, 2006). More specifically, a 

great number of studies about experiential learning have been conducted by using this 

industry (e.g., Haunschild & Rhee, 2004; Lieberman & Demeester, 1999; MacDuffie et 

al., 1996; Rhee & Haunschild, 2006).  
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In addition, the automotive industry is known to actively utilize network forms of 

governance in its production, such as supply chain networks based on trustful relations. 

Not only that, but most automakers also have actively been utilizing multiple 

manufacturing plants in many locations due to the expansion of the industry over many 

decades. Therefore, beyond the supply chain networks of the industry that have become 

an established cliché of both business practitioners and academic scholars, network types 

of division of labor among the plants manufacturing the same end-products are widely 

witnessed in this industry. For example, General Motors, a U.S. automaker, operated ten 

engine manufacturing plants in the North American region in 2005. This means that a car 

user who drives a Malibu, a family-purpose sedan of General Motors, may not know or 

may not need to know whether the engine of his or her car was produced by the Ramos 

Arizpe plant, the Spring Hill plant, or the Tonawanda plant. Nonetheless, to a scholar 

interested in this varying production of the same products on the market, this plant level 

network emerges as a spot in which his academic ideas about network forms of 

production can be investigated. 

Cost productivity is one of the biggest concerns in the automotive industry. It is 

found in Henry Ford’s story of how he achieved revolutionary advances in cost reduction 

by applying conveyor belt assembly lines to car production and put his company solidly 

at the top of the car market in his time (Watts, 2006). It is undeniable that this legendary 

figure changed the landscape of production systems across various manufacturing 

industries by introducing a striking method of cost reduction. More recently, the 

introduction of so-called “lean production” to the car manufacturing industry by Japanese 

automakers created enthusiasm about the industry’s efforts to achieve as high cost 
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productivity as possible (Womack, Jones, & Roos, 1990). From these two noteworthy 

cases of cost productivity, it can be seen that the largest concern of the automotive 

industry regarding production processes is to reduce the production cost, therefore 

achieving the highest productivity that it can. 

As I have already mentioned, I attempt to understand the efforts of cost reduction 

by using the lens of organizations’ learning by doing activities. From the view of learning 

curves, the automotive industry has long been endeavoring to achieve the lowest cost in 

its operational processes. The internal efforts of the industry can be seen as a history-long 

process of learning by doing. The revolutionary changes described above are also part of 

continuous efforts to enhance their learning from their experience, because the 

workplaces of the industry have been encouraged to improve the newly equipped 

production system. The validity of my application of a learning by doing perspective to 

the industry is supported by seeing the trend of the automakers’ average cost 

productivities in the time period I observe. Based on the data I have collected, I plot the 

cost productivity trend graphs of six automakers that operate their engine manufacturing 

plants in North America in Figure 2. 

The cost productivity, on the y-axis, is measured by “the hours of actual working 

effort required to build a vehicle at a given plant, with adjustment for vertical integration, 

production size differences, and absenteeism” (MacDuffie et al., 1996, p.355), which is 

widely used in the industry (The Harbour Reports). Smaller figures here signify better 

productivity. On the x-axis, I place time to see the yearly trends of productivity. However, 

in many studies of learning curves, time is regarded as a crucial proxy variable to capture 

the accumulated experience of a given organization (Argote, 1993, 1999). 
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Figure 2. Average HPE productivity per auto makers 1996–2005 
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Given this, I argue that the graphs are also of learning curves. As the figure shows, for all 

of the U.S.-origin automakers, their average cost productivity takes the pattern of a 

learning curve (compare with Figure 1) over the period, except for the leap between 2000 

and 2001. The average cost productivity of the remaining automakers, which are of 

Japanese origin, is conspicuously lower than that of the U.S. automakers, which supports 

the common idea that Japanese automakers are far ahead of U.S. ones owing to their 

advanced production processes. The patterns of Japanese automakers’ productivity look 

rather flat, but this is because they have already achieved cost productivity at the level 

that the increase of cost productivity has reached to the most decreasing rate of it. What 

can be identified by these trend plots is that automotive engine plants make efforts to 

enhance their cost productivity behind the learning curve. 

My interest in this study is to see what lies behind the learning curve phenomenon 

of automotive engine plants. In other words, what contributes to the productivity 

reduction of engine plants as shown in Figure 2? According to the learning curve 

literature, this question is very important because organizations in the same area clearly 

vary even if they share the general pattern of the learning curve (Adler & Clark, 1991; 

Argote, 1999; Lapré & Nembhard, 2010). By identifying the underlying factors that 

directly influence productivity enhancement, scholars can also investigate how an 

organization reaches the goal of productivity as effectively and efficiently as possible. In 

this vein, I present several factors that have the potential to affect the extent to which 

productivity is enhanced. However, before I move on the hypotheses on these factors, 

which are largely internal to the plants, I will discuss another important perspective in 

which learning by doing is understood to be affected by a broader spectrum of factors.  
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As argued in Section 2.2, an organization does not exist alone, but is located in a 

broader social context. In many industries, this is witnessed in industrial conditions as 

well as managerial practices. The automotive industry, in its manufacturing processes, is 

one of the industries that utilize network types of production systems. As the industry has 

expanded over many decades, its production processes have become very complicated by 

including some of the most advanced technologies ever introduced. For example, the 

well-known production system of huge scale of supply chains in which a great number of 

contracted producers of components are involved is found in the automotive industry. 

Thus, to understand the industry in depth, it is necessary to examine the learning by doing 

activities of the industry in this broader context because the opportunities to enhance 

experiential learning can also be found in extended contexts. However, the broader 

context that the current study is interested in is the inter-plant networks, rather than the 

supply chain networks, which have been paid a great deal of attention in previous 

research. 

Just as production-related knowledge can be created and obtained by the relations 

between contracted suppliers of auto parts and the automotive plants, knowledge that is 

more closely relevant to the production processes can be exchanged through the relations 

between the engine plants, which conduct their operations in very similar manners. 

Despite extensive investigation on the supply chain–based networks, such as the Japanese 

keiretsu, there are few studies that look into the inter-plant networks of the industry. I 

argue that to see the dynamics of inter-plant networks is very relevant, because the 

patterns of learning from others through network relations are very likely to differ from 

those of supply chain networks and because network structures involving the same kind 
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of actors gives researchers theoretically more refined measures to see network dynamics. 

In identifying the inter-plant networks, I defined the relations between plants according to 

whether a pair of plants applies their engine products to the same auto models that sell in 

the market. 

To give a better understanding of how I construct the inter-plant network, I 

present a network graph of the engine plants owned and operated by the U.S. automaker 

Ford in 1999 (Figure 3). The rounded squares represent the engine plants of Ford 

operated in 1999. As shown in the figure, eight engine plants were operated in the North 

American region to produce engines for Ford brand autos. Each solid line between the 

rounded squares indicates the co-application relations that a pair of plants shares with one 

another. For example, Cleveland #2 plant (FD03) is linked to Chihuahua plant (FD01) in 

the graph, because both plants apply their engine products to the Contour, a family-

purpose sedan, and the Cougar, a two-door coupe. The isolated square without any link is 

Cleveland #1 (FD02), which focused on the production of a 5.0 liter sized engine to equip 

SUV vehicles such as the Explorer and the Mountaineer. In this way, the inter-plant 

network is constructed for each year in this study. This way of constructing the network 

matrices is based on two-mode matrix manipulation, widely used by previous studies 

investigating the network structure of various industries (Faust, 2005; Wasserman & 

Faust, 1995).
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Figure 3. Auto model application network, Ford 1999 
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3.1 Effects of network properties on productivity enhancement 

As discussed in Section 2.2, organizations have certain characteristics given by 

their positions in a network structure. Network positions are defined by how social actors 

are linked to others. By taking a network position that provides connections to others, an 

organization may have benefits or constraints. Previous studies of organizational network 

characteristics have focused mostly on the beneficial side of social networks, so they tend 

to call the network characteristics of organizations “social capital” or “network resources.” 

However, given the fact that the idea of the social network was originally established on a 

somewhat strong structuralistic viewpoint that social structure may encourage or 

discourage the actors in terms of their behaviors, I call the network characteristics 

“network properties,” taking a neutral position. No matter what terms are used, it is 

obvious that the ways network properties influence organizations may be beneficial or the 

opposite under certain conditions. 

Based on the analytical convention of the social network perspective, the current 

study identifies the network properties of each engine plant by how they are located in 

the interlinked relational structure. It is worth noticing that the network structure of 

interest here is captured by the shared application of two plants’ engine product to the 

end product, auto models. That is, the sharing of the same auto model is a relationship 

that provides opportunities to obtain knowledge that may be useful for each party of 

relations to internally enhance its learning by doing. This knowledge benefit is primarily 

due to the features of the definition of relations in this study. Given that the outcome of 

learning by doing here is productivity enhancement measured by cost reduction, it is very 
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likely that the independent effects of network properties would be beneficial because the 

definition of network is based on a production-oriented concept.  

In social network analysis, connectivity—how a social actor is connected to 

others—is a crucial feature by which the extent of benefits can be investigated. 

Technically, this feature of how connected an actor is can be redefined as how central it 

is in a given network. Based on this, there are several network indices introduced by 

social network analysts. This study uses network properties interchangeably with network 

connections or network centralities. Therefore “better network properties” does not 

necessarily mean that the network properties function in better ways. Regardless of other 

conditions, it refers to the extent to which an actor (here, an engine plant) is centrally 

positioned in technical terms. 

From the learning by doing perspective, certain positions with better connections 

would contribute to organizations’ learning by doing processes. The learning process of 

this is that through the relations of the auto model application network, engine plants may 

have chances to see how other plants work, and so to be given knowledge that the focal 

plant had not yet captured within its own boundaries. Returning to the illustration of the 

Ford engine plants network (Figure 3), Cleveland #2 plant shares auto model application 

relations with all other Ford plants except for the isolated one, directly or indirectly. 

Technically, this means that Cleveland #2 is more central than other plants, and therefore 

it should have more chances to learn from the others for its learning by doing activities. 

Conversely, Dearborn plant (FD05) has only one direct relation, with Chihuahua plant 

(FD01), and is also located at the periphery. Thus, Dearborn plant is likely to have fewer 

opportunities to benefit by its network properties. In sum, given that the auto model 
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application network is by its nature production related, an engine plant located more 

centrally than others would be benefited by its network properties, with other things 

being equal. Therefore, I propose my first hypothesis as follows: 

Hypothesis 1. The more centrally an engine plant is located in auto model 

application networks, the more it is benefited by its network properties in its 

learning by doing activities in terms of knowledge flow. 

3.2 Change of part-time worker ratio 

From the perspective of experiential learning, the people in an organization are 

the actual entities who learn from their experience at the workplace. Despite the 

tremendous speed of the introduction of high technologies to organizations as potential 

substitutes for comparatively expensive workers, a great number of organizations still 

maintain a certain degree of human resources for the tasks that are not replaceable in 

terms of the learning agency. Although the organizational learning idea assumes that an 

organization—a collective body of people—can be the single agency responsible for its 

own learning, it is not deniable that the real agents for learning activities are still people, 

human resources, to a certain point. That is, how an organization deals with its workforce 

is a crucial factor by which it can enhance its learning by doing (Argote, 1999; Cyert & 

March, 1963; Epple et al., 1991; Huber, 1991; March & Simon, 1958). 

However, to organizations, human resources are a very expensive input for their 

operational process from an economic viewpoint. And when organizations undergo 

economic recessions, they cannot but modify their workforce composition. For example, 

many organizations, regardless of their industries, were enthusiastically participating in 

the bandwagon-like business practice of downsizing in the 1980s. While they temporarily 
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enjoyed the profits that were solely derived from the adjustment of their financial ledgers 

by eliminating the relatively high costs of human resources, this kind of practice, which 

creates dramatic changes in a workforce, is very problematic from an organizational 

learning perspective. The automotive industry was not an exception in this kind of human 

resource-related practice. Figure 4 illustrates the change of total workers in automotive 

engine manufacturing plants by auto makers, and the worker downsizing trend is clearly 

visible over this period. 

Despite the fact that the downsizing practice is still in use, the importance of the 

workforce cannot be neglected in terms of organizational learning by doing activities. As 

March (1991) shows in his legendary simulation study, a high level of worker turnover 

does significant damage to the effectiveness of exploitative learning activities, which are 

conceptually aligned with learning by doing. In addition, scholars in learning by doing 

research commonly point out the importance of the workforce as a factor positively 

affecting organizational experiential learning as a whole (Adler & Clark, 1991; Argote, 

1993, 1999; Epple et al., 1991). Given this, I argue that the change of worker composition 

is an important factor to affect the extent to which the level of learning by doing is 

effectively enhanced. 

Assuming that downsizing practices may contribute to organizations in terms of 

financial adjustment as well as achievement of an optimal point of the workforce size, the 

direct effect of reducing the number of workers almost disappears, in the case of 

managerial intention to change the workforce composition by increasing the ratio of part-

time workers to full-time workers because this would seriously affect the effectiveness of 

learning by doing. 
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Figure 4. The change of total number of workers of engine plants, 1995–2005 
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In addition, based on the argument of organizational learning that organizational 

experience can be transformed into relevant knowledge contributing to organizational 

learning by doing by stabilized workforces, I also argue that the rapid change of 

workforce composition would do damage to the effectiveness of learning by doing. 

According to the knowledge accumulated by human resource management studies, 

the contribution of workers to organizations in terms of knowledge creation or innovative 

actions is triggered by the high motivation of workers who are satisfied with their 

workplaces. In addition, trustful relationships among workers are a crucial element for 

the working environment in which workers are motivated to participate in organization-

level collective learning. That is, the full-time workers with a satisfactory level of job 

security derived from their employment conditions would willingly participate in 

knowledge creation activities, which are part of organizational learning by doing, better 

than the part-time workers without it. In addition, the workforce composition reflected by 

the ratio of part-time to full-time workers would affect the trust among workers in that 

different types of employment conditions between these two groups would damage their 

trust when the ratio of part-time workers increases. Several empirical studies support this 

argument. For example, Argote et al. (1990b) reported that turnover of highly skilled 

workers negatively affects productivity. George (2003) found that a high degree of 

externalization of workers shows a significant detrimental effect on the internal workers’ 

attitudes toward the workplace. Davis-Blake and Uzzi (1993) showed that the tasks 

requiring highly skilled knowledge about operations have a negative association with 

using temporary workers. Therefore, based on my argument along with the empirical 

findings, I propose: 
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Hypothesis 2. The increase of the part-time worker ratio has a detrimental effect 

on the effectiveness of learning by doing, because it may hamper the workforce’s 

willingness to participate in learning activities. 

However, it is also obvious that the change of workforce composition is a crucial 

part of complex managerial decisions regarding the overall activities of organizations due 

to various reasons. Therefore, an organization may be in a situation where it has to 

increase the ratio of part-time workers. Here, I pay attention to the contribution of 

structural conditions within which an organization is located. As earlier argued, the most 

salient benefit of network properties is the opportunities they provide for knowledge 

acquisition from outside of organizations. Assuming that the most important role of 

workforces is to engage in knowledge-intensive tasks, I argue that the proposed 

detrimental effect of the increase of part-time workers who are unlikely to contribute very 

much to organizational learning may be compensated for by using good network 

properties. I argue so because in the knowledge-based view of workforces, taking a good 

position with relations through which relevant knowledge for the focal plant’s operations 

can flow is very likely to function to compensate for the loss of chances to create internal 

knowledge. In sum, the effects of a change in workforce composition, captured here by 

the change of part-time worker ratio, can be contributed to by network properties, even 

when it is a change in a negative direction. Therefore, I propose my third hypothesis as 

follows: 

Hypothesis 3. The detrimental effect of the increase of the part-time worker ratio 

on the effectiveness of learning by doing is likely to be compensated for by a use 

of network properties that provides knowledge benefits. 
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3.3 In-house manufacturing ratio 

As I argued in Section 2.4, another important part of learning by doing is process 

improvement. In automotive engine manufacturing, process improvement can be 

identified in a variety of managerial practices. However, in this study, I pay special 

attention to the externalization of manufacturing as a way of outsourcing the component 

production to suppliers with which, presumably, the focal organization has trustful 

relationships. In the automotive industry, one of the most innovative process 

improvements was made by Japanese car makers such as Toyota (Liker, 2004). Unlike 

the U.S. automakers that continued to rely on the traditional mass production process 

until the early 1990s, Japanese automakers had, by the early 1960s, already begun to 

improve on that traditional mass production, which inevitably increases the level of 

complexity of the production process by keeping everything within one plant (Womack et 

al., 1990). The solution Japanese car makers chose was to externalize production 

processes to suppliers based on long-term stabilized supply contracts. Obviously, this 

solution was possible because the standardization of production had reached 

externalizable levels. The principal outcome of externalized production is productivity 

improvement (Liker, 2004; Womack et al., 1990). This outcome can be recognized by the 

clear difference between the U.S. automakers and the Japanese automakers in their 

average productivity, presented in Figure 2. It is generally accepted by industry 

practitioners that this noticeable difference mainly resulted from Japanese carmakers’ 

production practices, which relied on trustful supply chains. Figure 5 illustrates the trend 

plots of in-house manufacturing ratios, measured as the ratio of the number of engine 

components manufactured in-house to the total number of components, by automaker,
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Figure 5. Average in-house manufacturing ratio, 1995–2006 
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over the observation period of this study. Intriguingly, it supports the common idea that 

U.S. automakers tend to maintain in-house production while Japanese automakers utilize 

outsourced production. 

From an organizational learning perspective, the externalization of production 

processes can be conceptually understood as giving focal plants extra resources by which 

the plants can pay more attention to the unexploited parts of internal production processes. 

Conversely, I argue that because plants that maintain more production processes within 

their boundaries still have to deal with various production-related problems that 

otherwise would be externalized, they may not have opportunities to focus on new 

knowledge creation. As previous learning studies argue (Adler & Clark, 1991; Argote, 

1999; Argote et al., 1990a; Epple et al., 1991; Lapré & Nembhard, 2010), the 

improvement of managerial practices regarding production is an important factor. I argue 

that in the automotive manufacturing context in particular, this improvement can be 

accomplished by the externalization of production. Given this, I also argue that a plant 

maintaining its production processes within its boundaries is more likely to find it 

difficult to utilize its opportunities of internal learning. Therefore I propose my fourth 

hypothesis as follows: 

Hypothesis 4. An engine plant with a higher level of in-house manufacturing is 

more likely to suffer difficulties in enhancing the effectiveness of learning by 

doing, because it has less chances to focus on yet unexploited areas of experiential 

learning. 

As discussed above, I argue from the viewpoint of organizational learning that the 

problems that a plant with a high level of in-house manufacturing may have are primarily 
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due to its lack of opportunities to carry out appropriate learning by doing activities. To 

look into the possible interaction effect of the in-house manufacturing ratio and network 

properties, I assume that knowledge that may be more exploited inside of the plant 

through the externalization of production processes is clearly production-oriented 

knowledge. As argued in Section 2.2, whether or not network properties contribute to the 

productivity improvement of the focal plant depends on the contingent characteristics of 

the processes. In the externalization of production processes, one contingent feature is the 

relevance of knowledge to productivity. Also, as discussed above, by externalizing parts 

of production processes, a plant is given opportunities to focus on the remaining areas to 

be exploited. Therefore, I argue that an engine plant that still maintains a large portion of 

the production within its boundaries is likely to seek externally for knowledge it would 

otherwise easily obtain within its boundaries. So this effort of knowledge seeking in the 

network seems aligned with the contingent network feature of knowledge relevance. 

Hence, I here propose:  

Hypothesis 5. The difficulty of enhancing the effectiveness of learning by doing 

due to a high level of in-house manufacturing is likely to be overcome by network 

properties that may provide opportunities to obtain knowledge from networks. 

3.4 Quality control 

As discussed in Section 2.5, organizations tend to set multiple goals. In the 

automotive manufacturing context, great attention is also paid to quality control. In 

particular, to achieve market success, quality control may be the most important goal for 

automakers to try to accomplish. As Rhee and Haunschild (2006) examine in depth, 

automakers’ overall quality control over their products is responsible for a great part of 
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their reputations in the market. In addition to internal assessment of products by the 

automaker, many quality assessment systems exist in the automotive industry. Therefore, 

the goal of maintaining good quality products in the automotive manufacturing context is 

a far too complicated goal for engine plants to cope with. Given this, I pay attention to 

quality control as another goal that plants must deal with along with productivity 

enhancement. Much previous research examining quality control in the automotive 

industry points out the distinctive characteristics of quality control, particularly compared 

with productivity enhancement (Levin, 2000; Li & Rajagopalan, 1998; MacDuffie et al., 

1996). 

In the automotive industry, the ways to assess how well a manufacturing plant 

deals with quality control vary. In this study, I mainly focus on quality as it is perceived 

by the market because quality assessment by external institutions with authority in the 

market provides a good gauge with which different plants can be fairly assessed and 

compared (MacDuffie et al., 1996; Rhee, 2009; Rhee & Haunschild, 2006). Because this 

kind of quality is also used by engine plants to learn the extent to which they reach a 

satisfactory level, market-perceived quality is also a good measure to see the actual 

quality of products as the outcome of internal quality control processes. Considering that 

the market assessment of quality is conducted on an auto model basis, I define the overall 

quality of an engine plant based on how the qualities of each product are dispersed, on 

the assumption that a plant with good quality control tends to acquire even quality 

assessment at a higher level. 

According to attention allocation theory, which is part of the behavioral theory of 

the firm (Cyert & March, 1963), an organization has to choose which goals are allocated 
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more attentions, due to its feature of bounded rationality and given multiple goal 

situations (Ocasio, 1997, 2010). In terms of attention, it is very hard for an organization 

to be a jack of all trades because attention is also a very limited resource. However, it has 

actually been witnessed in the automotive industry that Japanese automakers do better on 

both quality control and productivity enhancement. Figure 6 illustrates how each 

automaker was assessed on its product quality over the observation period. As the figure 

shows, the extent to which the U.S. automakers’ average quality control is achieved is 

lower than that of Japanese automakers. 

Given this industry’s characteristics regarding quality control, I pay particular attention to 

the failure of quality control. As argued above, multiple goals compete for organizational 

attention. In the case that a goal is not well achieved and the organization recognizes that 

the failure is not easy to recover in the short term, I argue that the organization is likely to 

allocate the attention that would have gone to the failed goal to other goal-achieving 

activities. It is known that quality perceived by markets is not easily recovered by 

enhancing the internal processes regarding quality, particularly in the automotive industry 

(Rhee & Haunschild, 2006). Given this hardship, an engine plant with lower quality 

assessment from the market is likely to pay more attention to productivity enhancement 

to compensate for the failure in quality control. This logic of attention allocation is 

supported by research at the individual level on behaviors in a multiple goal situation 

(Kernan & Lord, 1990). Therefore, I propose: 

Hypothesis 6. An engine plant having trouble in quality control is more likely to 

pay attention to productivity enhancement activities, because it would allocate its 

attention to productivity enhancement to compensate for the failure in quality 

control. 
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Figure 6. Average CV of consumer ratings, 1995–2005 
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In this study, to see the effect of network properties on the association between 

internal activities and learning by doing, I pay attention to the contingent features of each 

internal activity. Unlike the previous two factors, workforce composition ratio and in-

house manufacturing ratio, which are closely related to productivity enhancement, quality 

control has distinctive characteristics in terms of purpose-based contingency. Due to this, 

the effect of network properties on the extent to which quality control is achieved may 

differ from their effect on the other two factors. As argued above, quality control is 

different from productivity enhancement in various ways. 

Therefore, assuming that an organization having good connections in the network 

of current interest tends to focus on productivity-related knowledge and the network 

contributes in such ways, network properties that are good for production-related 

knowledge are likely to function in the opposite way for quality control. For example, the 

knowledge that flows through the network of production tends to be irrelevant to quality 

control, and overflow knowledge about production would distract the plant, such that the 

attention removed from a quality control failure cannot transfer smoothly to productivity-

enhancing activities. Therefore, I propose:  

Hypothesis 7. The focus on productivity enhancement activities that results from 

a failure of quality control is likely to be distracted by network properties due to 

the goal difference contingencies. 

Because of the different effects of network contingencies on productivity goals 

and quality control goals, attention to productivity enhancement activities is likely to be 

lower if it is available as the result of a failure of quality control; likewise, productivity-

related knowledge made available through network relations is likely to be less valuable 

for quality control.  
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CHAPTER 4 

METHODS 

4.1 Data and sample 

The data of this study is based on information about automotive engine 

manufacturing plants operated in the North American region from 1995 to 2006. The data 

was collected primarily from The Harbour Report, an in-depth report about automotive 

manufacturing plants in North America that has covered worker involvement, technology, 

level of product complexity, process design, layout, and so forth, from a multi-year 

perspective since 1981 (http://www.theharbourreport.com). It comprehensively provides 

useful information not only for practitioners in the automotive industry who conduct 

“meaningful analysis to benchmark performance, develop strategies, and improve 

operations, but also for academics who conduct academic research in the context of the 

automotive industry” (http://www.theharbourreport.com). Other recent empirical studies 

conducted in an automotive manufacturing setting have used this report (Cachon & 

Olivares, 2010; Levin, 2000), and the present study also uses it as a main source for 

operation-related information and data regarding the manufacturing processes of 

automotive engine plants. In this study, the research period begins in 1995 mainly to 

make sure of the continuity of data over the years, because the report substantially 

changed its data collecting scheme beginning in 1995 (The Harbour Report, 1995). 

Additionally, to collect information about quality control, this study uses 

Consumer Reports (http://http://web.consumerreports.org), a magazine widely used in 

previous research that focuses on product quality (Rhee, 2009; Rhee & Haunschild, 2006). 

In particular, Consumer Reports annually publishes a special issue about car products 
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selling in American markets, which includes comprehensive consumer rating scores 

specifically on the engine parts applied to the auto models on the market. This rating 

information is a good source to see how well the quality control of engine manufacturing 

plants was accomplished in the given research period. 

The sample includes 41 engine manufacturing plants in the target region from 

1995 to 2006. Among the engine plants in the sample, 31 engine plants are owned and 

operated by the so-called “Big Three” automakers of American origin (12 GM plants, ten 

Ford plants, and eight Chrysler plants), and the rest are owned by automakers of foreign 

origin (four Toyota plants, three Nissan plants, two Honda plants, and one Volkswagen 

plant). As the data is from the plant level over 12 years, the sample consists of panel data 

in which the unit of analysis is defined as year-plant. Given that some plants discontinued 

operation and others began to operate during the research period, the actual sample size 

used in the analysis is 364 year-plant units, which is lower than the simple product of 41 

by 12 (= 492). Thus, the data for this study is in an unbalanced longitudinal panel.  

4.2 Dependent variable: Productivity 

Following the tradition of the learning curve literature that explores experiential 

learning processes by focusing on cost-related productivity (Argote, 1999; Argote & 

Epple, 1990), I measured productivity as hours per engine (HPE, hereafter) as reported by 

The Harbour Report. Previous research on automotive manufacturing plants tends to use 

labor-oriented cost productivity as a proxy for cost productivity, due to the difficulty of 

directly identifying manufacturing cost in a more comprehensive way (Epple et al., 1991; 

Epple et al., 1996; Lapré & Nembhard, 2010). However, labor cost productivity, usually 

calculated as total employment by production, has the shortcoming that it fails to account 
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for overtime labor, which often occurs in the automotive manufacturing industry (Goyal 

et al., 2006). 

To overcome this, this study uses the HPE provided by The Harbour Report, 

which is the total actual hours paid divided by the actual units produced in a year. This 

measure is more advantageous than the total employment per production measure for 

capturing cost productivity, and therefore is well-accepted by the industry as well as in 

academic research (MacDuffie et al., 1996). As this measure is cost based, a smaller 

figure represents higher productivity. 

4.3 Independent variables 

4.3.1 Part-time worker ratio change 

The numeric information of the workers for each plant was obtained from The 

Harbour Report. To examine the effect of change in the workforce composition in terms 

of the ratio of the number of part-time workers to that of total workers in a given year, I 

measured the change of the ratio as follows: 

Change of part-time worker ratio = 1

1

t t

t

PR PR

PR






, 

where PR refers to the ratio of the number of part-timer workers to that of the total 

workers (including both full-time and part-time workers) of a plant; t refers to the given 

year and t-1 stands for the previous year. The arithmetic rate of change is widely used in 

previous research as a measure of the change of a target construct over time, and 

therefore my measure of part-time worker ratio change is appropriate to see how a plant 

revises its workforce in terms of part-time to full-time workers compared to the previous 

year. A positive sign in this measure means that the part-time worker ratio of a plant 
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increases compared to the previous year, while a negative sign means that the part-time 

worker ratio decreases compared to the previous year. 

4.3.2 In-house manufacturing ratio 

The information on how a plant produces its products in terms of the extent to 

which it manufactures components of a product within its boundaries is also based on The 

Harbour Report. The report conducts yearly surveys of each plant, recording whether it 

relies on in-house manufacturing processes or outsourcing for the strategic components 

of engine products, which are classified into six categories (assembly and test, cylinder 

block, cylinder head, camshaft, conn rod/cap, and crankshaft). The information was 

collected by the report in a systematic manner over the years covered by this study. Using 

this information, I first constructed a quantified measure for each subprocedure of engine 

production by allocating the value of 1 if a subprocedure of production is done in house 

or 0 if it is not. Next, to capture the extent to which a plant relies on in-house 

manufacturing processes in producing the components of engine products as a whole, I 

constructed a ratio measure in which the number of components produced in house is 

divided by the total number of the components applied to the final engine product. For 

example, if a plant operates three production procedures in house, it is given the value 0.5 

(= 3/6). The greater this measure, the more a plant relies on in-house manufacturing.  

4.3.3 Quality control 

To measure the extent to which quality control is accomplished by a plant, I used 

the information of consumers’ ratings on engine products provided by Consumer Reports. 

Consumers Reports annually conducts a comprehensive survey on the quality satisfaction 

of consumers in the North American market from the overall quality of each auto model 
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to the more specific quality of the parts of the model, such as the engine and transmission. 

These ratings are published as Consumer Reports: Buying Guide, which contains the very 

detailed results of the consumer survey on most auto models that sell in the American 

market. 

The size of the survey in terms of the number of respondents in 2006, for example, 

was around 800,000, and it covered more than 200 auto models. Among consumers’ 

ratings on specific parts of each auto model, I chose to use the consumers’ ratings on 

engine quality, as the focus of this study is on the engine products. This annual report is a 

reliable source used not only by consumers to make judgments on whether or not to 

purchase a particular auto model, but also by both practitioners and academic researchers 

to conduct empirical research about product qualities (MacDuffie et al., 1996). 

The rating scheme of Consumer Reports is as follows. Consumer Reports first 

collects the quality information by asking if the respondents experienced serious 

problems on the target parts of the cars they used over the past year and giving the results 

as percentage-based categories of 2.0% or less, 2.0–5.0%, 5.0–9.3% 9.3–14.8%, and 

more than 14.8%. The way the report presents consumers’ rating scores is similar to that 

of a five-point scale with a different graphical symbol for each category. Given this, this 

study reconceptualizes the rating score as a five-point scale with the value of 5 as the 

highest. 

The rating scores of engine products given by the report are basically auto model 

based. Therefore, I match the rating scores of the models to the engine plants by using 

The Harbour Report’s information on which models use which engine plant’s products. 
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In this data arrangement, each plant is given multiple scores for the consumers’ ratings on 

the products it produces. 

Based on these rating scores, I measured the extent of successful quality control 

of a plant as the coefficient of variation of the rating scores that the plant obtained from 

consumers because the evenness of quality control of multiple products is a crucial goal 

of quality control. Coefficient of variation is a well-accepted measure to see how 

dispersed a construct of interest is in the distribution of the construct (Harrison & Klein, 

2007), so it is also appropriate for this study to capture how evenly a plant achieves 

quality control over the products it produces. Unlike the quality control measures that 

each plant may arbitrarily set, which would be inappropriate to apply to all the plants, the 

quality measure of the current study is more valid, in that it is both systematically 

collected by a reliable institution over all products on the market, and comparable among 

the plants included in the study. 

4.3.4 Network properties 

To compute the network measures of interest, I first constructed a set of two-

mode matrices in which engine plants take one side and the auto models to which the 

plants applied their engine parts take the other side. The information for the two-mode 

matrices was from the yearly issues of The Harbour Report that specifically report to 

which auto models each plant applies its engine products. By using UCINET IV (Borgatti, 

Everett, & Freeman, 2002), I converted the two-mode matrices into one-mode adjacency 

matrices in which engine plants are identified as nodes and the auto models to which a 

pair of plants commonly apply engine products are identified as relations. The adjacency 

matrices were constructed for each year over the observation period of 1995 to 2006; 
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therefore, each yearly matrix represents the model co-application network structure for 

each year. Prior to computing the following centrality measures to see how a plant is 

positioned in the network, I also dichotomized the adjacency matrices, so the relations 

between plants in each yearly matrix are coded as 1 if a pair of plants shares at least one 

auto model, and is otherwise coded as 0. I did so primarily because the following 

centrality measures are originally constructed on the basis of binary relations and also 

because the current study pays particular attention to the presence of a relation between 

plants, not to the strength of the relations. 

4.3.4.1 Degree centrality 

The first network property of interest is degree centrality, or how a plant is 

positioned in a model co-application network in terms of connectivity. Formally, degree 

centrality is computed as the number of direct relations that a node has in a local ego-

centered network (Wasserman & Faust, 1995). Previous research has extensively used 

this measure to see how well connected a social actor is within the local context of a 

network (Powell et al., 1996), so it is also relevant for the present study to use, given that 

the study focuses on the positional properties of networks in terms of connectivity. I 

again used UCINET IV to compute degree centrality. This measure is also one year 

lagged to make sure that the time-based causality is incorporated in the following 

analysis.  

4.3.4.2 Closeness centrality 

In addition to degree centrality, by which the positional property of a plant can be 

measured in a local context, I also used closeness centrality in the analysis in order to 

effectively see the connectivity of a plant in a broader context of relations. Closeness 
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centrality is a measure suggested by Freeman (1979) that can investigate how closely a 

social actor is connected to other actors in a global network, both directly and indirectly. 

According to Wasserman and Faust (1995), closeness centrality is a good measure to see 

the effectiveness of knowledge flow in network structures. Previous research also 

confirms the validity of this measure of how well social actors are connected in broader 

network contexts with the purpose of knowledge flow (Gulati, 1999; Powell et al., 1996). 

4.4 Control variables 

I controlled for several factors that may affect an engine plant’s labor hour per 

product and its change, as follows. First, I included a dummy variable that indicates left-

censored cases in the data (1 refers to left-censored cases). As already explained, the 

research period is limited by the change of The Harbour Report’s data collecting scheme. 

Some engine plants began to operate before my observation begins, so I controlled for 

this by including this indicating variable. Second, to capture any time trend effect 

associated with the change rate of labor hour per product, I included a variable measuring 

years elapsed from the beginning year of observation, 1995. Third, I created a dummy 

variable for the engine plants operated by foreign automakers with the plants of the U.S. 

automakers, because foreign automakers’ engine plants may apply different managerial 

skills than domestic plants would.  

Fourth, I also controlled for age because prior research has examined the effects 

of aging on the behavioral processes of organizations (e.g., Sorenson & Stuart, 2000). An 

engine plants’ age was measured as the difference between the current year and the year 

the plant was founded. Fifth, I included the plants’ size because size is also a well-
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established factor that affects various behaviors of organizations. Size was measured as 

the number of employees in the current year.  

Fifth, I included the number of engine products manufactured by the plants 

(Kekre & Srinivasan, 1990). Sixth, the number of auto models to which products are 

applied was controlled, based on the findings of previous empirical research that product 

variety affects productivity outcome (MacDuffie et al., 1996). Seventh, I controlled the 

number of yearly production. 

Finally, I included the number of cumulative production not only because it is 

consistently used as a proxy of the extent that organizations learn from their operational 

experience but also because it affects organizational productivity (Argote, 1999). 

Following the convention of organization learning curve literature that extensively 

investigates this variable, I took the natural logarithm of the variable. 

4.5 Model specification and estimation 

To examine the effects of the proposed factors on the experiential learning 

outcome, which is defined as cost productivity enhancement in this study, I model the 

change rate of an engine manufacturing plant’s productivity by using the following power 

function: 

, , 1 , 1 , 1 , 1 , 1exp( )i t i t i t i t i t i tHPE HPE INF NTF INT CTRL         
       , 

where, HPEi,t-1 is the hour per engine productivity of engine plant i at year t-1; INFi,t-1 

refers to the internal factors affecting productivity change, which are part-time worker 

ratio change, in-house manufacturing ratio, and quality control; NTFi,t-1 refers to the 

network properties, which are degree centrality and closeness centrality in this study; 
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INTi,t-1 designates a set of interaction terms between each internal factor and network 

property; CTRLi,t-1 is a vector of control variables; ε is a log normal error term.  

To effectively conduct the estimation, I transform the power function by taking 

the natural logarithm on the function, and obtaining the following linear equation with a 

normally distributed error term, µ: 

, , 1 , 1 , 1 , 1 , 1ln( ) ln( )i t i t i t i t i t i tHPE HPE INF NTF INT CTRL         
          

I estimate the parameters of this logarithm transformed equation by using the 

unbalanced panel data of the engine plants with yearly based periods. Following recent 

analyses of longitudinal data (e.g., Boone, Carroll, & Van Witterloosetuijn, 2004; Dobrev 

et al., 2001; Rhee, 2009; Rhee & Haunschild, 2006; Sullivan, Haunschild, & Page, 2007), 

this study chooses generalized estimating equations (GEE) in the following analyses to 

make use of a widely accepted merit of the method, which is that it gives robust 

estimators that see both inter- and intra-plant variation over multiple years by suggesting 

a set of solutions that are consistent and asymptotically Gaussian, even when the time 

dependence is not properly specified (Frees, 2004; Hardin & Hilbe, 2000; Liang & Zeger, 

1986). This method also uses the quasi-likelihood approach to analyze the longitudinal 

data, which specifies the relationship between the mean and the variance of the dependent 

variable, rather than the full distribution of population. 

Technically, I use the XTGEE function included in STATA 10 to conduct the 

analysis based on the GEE method. To appropriately conduct GEE estimation, several 

options should be set according to the characteristics of the structure of longitudinal panel 

data. The first option, about the distribution of the dependent variable, is set as Gaussian 

because I assume the dependent variable of the present study has a distributional shape 
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close to that of normal distribution. The next option to set is about the link function, and I 

choose identity in this option because the dependent variable also is continuous. Lastly, 

GEE estimation allows the researcher to consider different serial correlation structures 

and requires the specification of a working correlation matrix. I set this option as 

independent after close observation of the serial correlation structure of the data. 
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CHAPTER 5 

RESULTS 

Descriptive statistics and correlations for the variables used in the analyses of this 

study are presented in Table 1 and Table 2, respectively. Because the model of the 

current study is constructed with one year lagged treatment in explanatory variables, the 

number of the data that is actually used in the analyses decreases to 291. Additionally, 

due to the occurrence of missing values in the procedure of calculation, the number of 

some variables included in the analyses is smaller than 291 (see the notes of Table 2 for 

details). Table 2 shows that there are some fairly high correlations. For example, size has 

high correlations with other variables such as age, number of products, number of auto 

models, and production-related variables. This is not very difficult to understand, given 

the well accepted fact that size tends to interact with these variables.  

To check whether there is any multicollinearity problem in the following analyses, 

I conducted a variance inflation factor (VIF) test. The VIF scores for each variable 

ranged from 1.05 to 8.22, indicating that the variables have relatively weak 

multicollinearity. The average VIF score for the main models reported in Table 3 to 

Table 6 ranges from 3.42 to 3.56, all of which fall below the threshold of serious 

multicollinearity (typically 10). Thus, multicollinearity does not appear to be problematic 

in this analysis. 
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Table 1. Descriptive Statistics 

Variables  N Mean S.D. Min Max 

Logged HPE productivity 291 1.50 0.44 -0.21 3.65 

Elapsed years 291 6.05 3.15 1 11 

Left censoring 291 0.91 0.29 0 1 

Foreign automaker 291 0.17 0.38 0 1 

Size 291 1,303.84 808.09 83 4,022 

Age 291 34.74 24.93 2 101 

Number of products 291 2.23 1.45 1 8 

Number of auto models 291 6.89 4.75 1 26 

Annual production (in thousands) 291 490.65 340.63 10.25 1,899.57 

Logged cumulative production  291 14.37 1.05 9.24 16.65 

Change of part-time worker ratio 252 0.00 0.03 -0.11 0.11 

In-house manufacturing ratio 286 0.82 0.23 0.00 1.00 

CV of consumer ratings on products 254 0.13 0.12 0.00 0.71 

Degree centrality 291 2.41 1.83 0 8 

Closeness centrality 291 3.48 1.46 0 5 

Notes: All variables are one year lagged except for Logged HPE productivity, the dependent 

variable in the analysis.  
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Table 2. Pearson Correlation Coefficients 

(N = 291) 

Variables 1. 2. 3. 4. 5. 6. 

1. Logged HPE productivity       

2. Elapsed years -0.35      

3. Left censoring 0.18 -0.27     

4. Foreign automaker -0.55 0.10 -0.24    

5. Size 0.23 -0.21 0.24 -0.38   

6. Age 0.16 -0.02 0.38 -0.38 0.48  

7. Number of products 0.01 0.13 0.18 0.14 0.48 0.14 

8. Number of auto models 0.05 0.16 0.19 -0.25 0.63 0.29 

9. Annual production (in thousands) -0.13 -0.01 0.14 -0.08 0.81 0.34 

10. Logged cumulative production  -0.29 0.60 0.21 -0.10 0.44 0.38 

11. Change of part-time worker ratio 
a
 0.14 -0.24 0.03 0.02 0.06 -0.09 

12. In-house manufacturing ratio 
b
 0.34 -0.01 -0.09 -0.47 0.24 0.24 

13. CV of consumer ratings on products 
c
 0.12 -0.25 0.09 -0.23 0.21 0.04 

14. Degree centrality 0.20 -0.06 0.12 -0.44 0.55 0.32 

15. Closeness centrality 0.14 0.06 -0.02 -0.43 0.29 0.26 

 

(continued.) 

Variables 7. 8. 9. 10. 11. 12. 

8. Number of auto models 0.48      

9. Annual production (in thousands) 0.57 0.74     

10. Logged cumulative production  0.47 0.53 0.60    

11. Change of part-time worker ratio 
a
 -0.05 -0.06 -0.02 -0.15   

12. In-house manufacturing ratio 
b
 -0.07 -0.03 0.05 0.15 0.06  

13. CV of consumer ratings on products 
c
 0.08 0.16 0.11 -0.04 -0.06 0.02 

14. Degree centrality 0.14 0.65 0.50 0.23 0.02 0.12 

15. Closeness centrality -0.13 0.32 0.12 0.09 0.04 0.11 

 

(continued.) 

Variables 13. 14.         

14. Degree centrality 0.04      

15. Closeness centrality 0.07 0.63         
Notes: All variables are one year lagged except for Logged HPE productivity, the dependent 

variable in the analysis. N for the correlation scores of some variables differs from 291 due to 

missing cases in each variable (
a
 N = 252, 

b
 N = 286, 

c
 N = 254). All correlations are significant at 

the p < 0.05 level, except that the score is lower than 0.11. 
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It is worth noting that my three main variables (change of part-time worker ratio, 

in-house manufacturing ratio, and CV of consumer ratings on products), which were 

earlier proposed to affect experiential learning processes, have saliently lower 

correlations in each pair. This supports my assumption that each factor is conceptually 

independent from each of the others. Thus, the hypotheses developed about each variable 

do not overlap, at least in terms of the empirical approach. Likewise, each factor affecting 

internal learning processes has a notably low correlation with both degree centrality and 

closeness centrality. This can be interpreted to mean that a plant’s capabilities regarding 

internal learning processes do not directly correlate with its network positional 

characteristics, supporting the assumptions that the capabilities accumulated through 

internal efforts to enhance productivity are theoretically independent from those provided 

by social conditions. 

5.1 Network properties 

Model 1 in Table 3 is the basic model that contains control variables. The plants 

owned and operated by foreign auto makers, most of which are of Japanese origin, are 

better at enhancing cost productivity than the American automakers, so this confirms the 

commonly accepted belief about the automotive industry that Japanese automakers are 

ahead of American automakers in their practices of productivity management. A 

noteworthy finding from Model 1 is that the logged cumulative production significantly 

contributes to productivity enhancement. As mentioned in Section 4.4, this variable is 

that which most learning curve studies have generally used as a crucial proxy variable by 

which they examine the effect of operation-related experience due to the difficulty of  
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Table 3. GEE Estimates of Productivity, 1995–2006 (Network Properties) 

Variables Model 1 Model 2 Model 3 

Logged HPE productivity 0.28
**

 0.29
**

 0.27
**

 

 (0.03) (0.03) (0.03) 

Elapsed years since 1995 0.00 0.00 0.00 

 (0.01) (0.01) (0.01) 

Left-censored cases 0.18
**

 0.17
**

 0.16
*
 

 (0.07) (0.07) (0.07) 

Foreign automaker -0.39
**

 -0.41
**

 -0.40
**

 

 (0.05) (0.05) (0.05) 

Size 0.00
**

 0.00
**

 0.00
**

 

 (0.00) (0.00) (0.00) 

Age 0.00 0.00 0.00 

 (0.00) (0.00) (0.00) 

Number of engine products 0.06
**

 0.06
**

 0.06
**

 

 (0.01) (0.01) (0.01) 

Number of auto models 0.00 0.01 0.01 

 (0.01) (0.01) (0.01) 

Annual production -0.00
†
 -0.00

†
 -0.00

*
 

 (0.00) (0.00) (0.00) 

Logged cumulative production -0.26
**

 -0.27
**

 -0.26
**

 

 (0.03) (0.03) (0.03) 

    

Degree centrality  -0.02
*
  

  (0.01)  

Closeness centrality   -0.02
*
 

   (0.01) 

(Constant) 4.38
**

 4.53
**

 4.50
**

 

 (0.37) (0.37) (0.37) 

    

N 291 291 291 

Wald chi-square 625.33
**

 638.20
**

 637.59
**

 

d.f. 10.00 11.00 11.00 

Notes: 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01 (two-tailed tests). Robust standard errors are in 

parentheses. All the variables in models are one year lagged.  
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identifying the direct factors absorbed in various types of operational experience (Argote, 

1999; Argote & Miron-Spektor, 2010). The consistent significance of cumulative 

production over most of the following models confirms the findings of previous research 

again in the analyses of the current study. 

Models 2 and 3 in Table 1 present the results of the main effect of network 

properties measured by degree centrality and closeness centrality, respectively. The 

negative significance of each variable shows that the more centrally a plant is positioned 

in its co-application network structure, the more likely it is to enhance its cost 

productivity, given that the smaller figure of the dependent variable implies better 

productivity. This supports Proposition 1 that network properties, by providing 

opportunities to access relevant knowledge that resides in network conduits, may 

contribute to organizations’ learning by doing activities. Based on this support for 

Proposition 1, Hypothesis 1, regarding the beneficial effects of network properties on the 

effectiveness of engine plants’ learning by doing, is also supported by Models 2 and 3, 

where both degree centrality and closeness centrality are included.  

5.2 The change of part-time worker ratio 

In Table 4, to test the hypotheses regarding both main effect of the change of part-

time worker ratio and the interaction effects of the part-time worker ratio and the network 

properties, I present the results from GEE estimators of HPE productivity by including 

the explanatory variables regarding the hypotheses. N here becomes a bit smaller (N = 

252), due to some missing cases in the process of generating the change of part-time 

worker ratio, which includes two continuous years’ information of the ratio in calculation.  
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Table 4. GEE Estimates of Productivity, 1995–2006 (Part-timer Ratio)  

Variables Model 4 Model 5 Model 6 

Logged HPE productivity 0.92
**

 0.91
**

 0.92
**

 

 (0.02) (0.02) (0.02) 

Elapsed years since 1995 -0.01 -0.00 -0.00 

 (0.00) (0.00) (0.00) 

Left-censored cases 0.03 0.05 0.04 

 (0.03) (0.03) (0.03) 

Foreign automaker -0.01 -0.01 -0.00 

 (0.02) (0.02) (0.03) 

Size 0.00 0.00 0.00 

 (0.00) (0.00) (0.00) 

Age 0.00 -0.00 0.00 

 (0.00) (0.00) (0.00) 

Number of engine products 0.01 0.00 0.01 

 (0.01) (0.01) (0.01) 

Number of auto models -0.00 -0.00 -0.00 

 (0.00) (0.00) (0.00) 

Annual production -0.00 -0.00 -0.00 

 (0.00) (0.00) (0.00) 

Logged cumulative production 0.00 -0.01 -0.00 

 (0.02) (0.02) (0.02) 

Change of part-time worker ratio 0.44
†
 1.37

**
 1.59

**
 

 (0.25) (0.36) (0.56) 

Network properties    

Degree centrality  -0.00  

  (0.00)  

Closeness centrality   0.00 

   (0.01) 

Interaction terms    

Change of part-time worker ratio X Degree  -0.58
**

  

  (0.16)  

Change of part-time worker ratio X Closeness   -0.36
*
 

   (0.16) 

(Constant) 0.04 0.18 0.11 

 (0.22) (0.22) (0.22) 

    

N 252 252 252 

Wald chi-square 4461.99
**

 4717.43
**

 4565.99
**

 

d.f. 11.00 13.00 13.00 

Notes: 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01 (two-tailed tests). Robust standard errors are in 

parentheses. All the variables in models are one year lagged. 
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As discussed in Proposition 3 and presented in Hypothesis 2, the result of Model 

4 shows that HPE productivity becomes lower when a plant changes its workforce 

composition in the direction that the workforce consists of more part-time workers than 

before, at a mild significance level of p < 0.10. 

In Models 5 and 6, I include the interaction terms of the change of part-time 

worker ratio and degree centrality and closeness centrality, respectively, to test 

Hypothesis 3, which is developed based on Proposition 3. As shown, both interaction 

terms of the centralities have significant negative effects at the level of p < 0.05, at least. I 

interpret the findings of Models 5 and 6 to indicate that network properties lead the plants 

to overcome the detrimental effects of the increase of the part-time ratio by making them 

willing to utilize the relational properties of their networks. To make the findings easier 

to understand, I draw the interaction graphs of the change of part-time worker ratio and 

each centrality in Figures 7 and 8, respectively. In both figures, the solid line represents 

the smaller extent of network connectivity (degree centrality = 1 and closeness centrality 

= 1), the long dashed line the medium extent (degree centrality = 4 and closeness 

centrality = 3), and the short dashed line the larger extent (degree centrality = 8 and 

closeness centrality = 5). The choice of each extent is based on the descriptive statistics 

of each centrality (minimum value as the smaller and maximum as the larger). The range 

of the change of part-time worker ratio on the x-axis is decided by its minimum and 

maximum values. As the smaller extent of both centralities, the increasing trend of the 

solid lines confirms the negative effect of the increase of part-time worker ratio, as 

examined in Model 4 as well.  
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Figure 7. Interaction graphs of change of part-time ratio and degree centrality 
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Figure 8. Interaction graphs of change of part-time ratio and closeness centrality 
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However, as both centralities increase, the slope of the lines changes in the decreasing 

direction, which means that HPE productivity becomes better as centralities increase. In 

sum, the findings of the models in Table 4 support the hypotheses regarding the change 

of part-time worker ratio and the interaction effects of network properties. 

5.3 In-house manufacturing ratio 

Table 5 shows the results of the effects of the in-house manufacturing ratio and its 

interaction effects with each centrality. First, I include the in-house manufacturing ratio 

in Model 7 to see the main effect of it on the effectiveness of learning by doing, measured 

by HPE productivity enhancement. Model 7 shows that the main term of in-house 

manufacturing ratio has a significant positive association with HPE productivity at the p 

< 0.01 level, which means that HPE productivity becomes worse as the in-house 

manufacturing ratio increases. With this finding, I confirm the statistical support of 

Hypothesis 4, developed from Proposition 5, that underusing improved production 

processes is likely to deprive the engine plants of opportunities to focus more on learning 

by doing activities.  

Next, I include the interaction terms of degree centrality and closeness centrality 

in Models 8 and 9, respectively, to test Hypothesis 5, developed from Proposition 6. 

While the interaction term of degree centrality does not show significance, that of 

closeness centrality has a significant negative effect at the p < 0.05 level. The finding 

shows that network properties, including both direct and indirect connections in a broader 

network context, are likely to compensate the plants with a high in-house manufacturing 

ratio for the loss of internal learning chances by providing them with other chances to 

learn from the network structure in which they are connected to other plants.   
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Table 5. GEE Estimates of Productivity, 1995–2006 (In-house Manufacturing Ratio)  

Variables Model 7 Model 8 Model 9 

Logged HPE productivity 0.27
**

 0.27
**

 0.26
**

 

 (0.02) (0.02) (0.02) 

Elapsed years since 1995 0.01 0.01 0.01 

 (0.01) (0.01) (0.01) 

Left-censored cases 0.27
**

 0.26
**

 0.26
**

 

 (0.06) (0.06) (0.06) 

Foreign automaker -0.27
**

 -0.27
**

 -0.28
**

 

 (0.05) (0.06) (0.05) 

Size 0.00
**

 0.00
**

 0.00
**

 

 (0.00) (0.00) (0.00) 

Age 0.00 0.00 0.00 

 (0.00) (0.00) (0.00) 

Number of engine products 0.06
**

 0.06
**

 0.06
**

 

 (0.01) (0.01) (0.01) 

Number of auto models 0.01 0.01
*
 0.01

†
 

 (0.00) (0.01) (0.01) 

Annual production -0.00 -0.00 -0.00
†
 

 (0.00) (0.00) (0.00) 

Logged cumulative production -0.30
**

 -0.30
**

 -0.29
**

 

 (0.03) (0.03) (0.03) 

In-house manufacturing ratio 0.39
**

 0.48
**

 0.76
**

 

 (0.07) (0.10) (0.21) 

Network properties    

Degree centrality  0.03  

  (0.03)  

Closeness centrality   0.09 

   (0.04) 

Interaction terms    

In-house manufacturing ratio X Degree  -0.05  

  (0.04)  

In-house manufacturing ratio X Closeness   -0.11
*
 

   (0.06) 

(Constant) 4.49
**

 4.49
**

 4.19
**

 

 (0.34) (0.36) (0.38) 

    

N 286 286 286 

Wald chi-square 727.90
**

 744.76
**

 742.64
**

 

d.f. 11.00 13.00 13.00 

Notes: 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01 (two-tailed tests). Robust standard errors are in 

parentheses. All the variables in models are one year lagged. 
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Figure 9. Interaction graphs of in-house manufacturing ratio and closeness 

centrality 
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Thus, Hypothesis 5 is supported by the analysis in Model 9. Figure 9 presents the 

interaction graphs of the in-house manufacturing ratio and closeness centrality. The range 

of the in-house manufacturing ratio on the x-axis is decided based on its minimum and 

maximum values. 

As the figure shows, the lines are all on the increasing trend, which shows that the 

detrimental effect of a higher degree of maintaining in-house manufacturing processes is 

relatively strong. However, as the level of closeness centrality increases, the steepness of 

the slope is mitigated, which I interpret to mean that an engine plant can obtain chances 

to focus more on productivity enhancement with the help of better network properties. 

5.4 Quality control 

In Table 6, I report the results of GEE estimators of HPE productivity including 

the extent of quality control measured by the coefficient of variation of consumers’ 

ratings of engine products and its interaction terms of each centrality measure. To test 

Hypothesis 6, developed from Proposition 7, I first include the main term of CV of 

consumers’ ratings in Model 10. As shown in the model, the effect of CV of consumers’ 

ratings is significantly negative at a mild level (p < 0.10). Given that a larger figure for 

this variable implies that quality control over the products is not well achieved, this result 

can be interpreted to mean that engine plants suffering bad quality tend to pay more 

attention to productivity enhancing activities. Thus, Hypothesis 6 is supported by this 

analysis.  

To examine how network properties affect the association between quality control 

and productivity enhancement, I include the interaction terms of CV of consumers’ 

ratings and each centrality measure in Models 11 and 12.   
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Table 6. GEE Estimates of Productivity, 1995–2006 (Quality Control)  

Variables Model 10 Model 11 Model 12 

Logged HPE productivity 0.22
**

 0.23
**

 0.20
**

 

 (0.02) (0.02) (0.02) 

Elapsed years since 1995 -0.02
*
 -0.02

*
 -0.01

†
 

 (0.01) (0.01) (0.01) 

Left-censored cases 0.10 0.08 0.07 

 (0.06) (0.06) (0.06) 

Foreign automaker -0.31
**

 -0.37
**

 -0.40
**

 

 (0.05) (0.05) (0.05) 

Size 0.00
**

 0.00
**

 0.00
**

 

 (0.00) (0.00) (0.00) 

Age 0.00 0.00 0.00 

 (0.00) (0.00) (0.00) 

Number of engine products 0.04
**

 0.03
**

 0.02
*
 

 (0.01) (0.01) (0.01) 

Number of auto models 0.00 0.01
*
 0.01

*
 

 (0.00) (0.00) (0.00) 

Yearly production -0.00
**

 -0.00
**

 -0.00
**

 

 (0.00) (0.00) (0.00) 

Logged cumulative production -0.15
**

 -0.16
**

 -0.16
**

 

 (0.03) (0.03) (0.03) 

CV of consumer ratings on products -0.19
†
 -0.45

**
 -0.68

**
 

 (0.12) (0.17) (0.25) 

Network properties    

Degree centrality  -0.05
**

  

  (0.01)  

Closeness centrality   -0.08
**

 

   (0.02) 

Interaction terms    

CV of consumer ratings on products X Degree   0.10  

  (0.07)  

CV of consumer ratings on products X Closeness    0.14
*
 

   (0.07) 

Constant 3.33
**

 3.56
**

 3.74
**

 

 (0.38) (0.38) (0.38) 

    

N 254 254 254 

Wald chi-square 581.85
**

 628.29
**

 669.56
**

 

d.f. 11.00 13.00 13.00 

Notes: 
†
 p < 0.10, 

*
 p < 0.05, 

**
 p < 0.01 (two-tailed tests). Robust standard errors are in 

parentheses. All the variables in models are one year lagged.  
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Figure 10. Interaction graphs of CV of consumers’ ratings and closeness centrality 
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The findings show that the effect of closeness centrality along with CV of consumers’ 

rating is positive at a significant level (p < 0.05), while that of degree centrality is 

insignificant. To provide better understanding of the findings, I also present the 

interaction graph of CV of consumers’ ratings and closeness centrality in Figure 10. The 

range of CV scores is also decided based on its minimum and maximum values obtained 

from descriptive statistics. As the support of Hypothesis 6 demonstrates, an engine plant 

is more likely to pay attention to productivity enhancing activity when it suffers poor 

quality control. The downward slope of all lines confirms this, as a large figure for CV of 

consumers’ ratings implies worse quality control over engine products. However, as 

closeness centrality of the plant increases, the steepness of the lines becomes milder. This 

can be interpreted as indicating that having better connections in a network makes the 

plant have more trouble in focusing on productivity enhancing activity. As argued in 

Section 2.2 and Section 3.4, this negative effect of network property is due to the 

contingent characteristics of knowledge relevance. The finding confirms Proposition 8 

and Hypothesis 7 that the same kind of network properties may become harmful 

depending upon the contingent aspects of internal factors. In the current case, knowledge 

relevance is suggested as the contingency. 
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CHAPTER 6 

CONCLUSION AND DISCUSSION 

6.1 Summary 

In this study, I investigate the effectiveness of organizations’ learning by doing 

activities by paying attention to not only the effect of comparatively internal factors on 

learning by doing, but also the effects of social conditions that organizations may have in 

terms of their relationships with other organizations. Building upon the theories of 

learning by doing and social network perspectives, I first proposed three internal factors 

that potentially have direct effects on organizations’ learning by doing: workforce 

composition, amount of in-house manufacturing, and quality control (Adler & Clark, 

1991; Argote, 1993; Argote & Miron-Spektor, 2010; Epple et al., 1991). I then expanded 

my arguments by looking into how certain social conditions influence the impacts of 

these internal factors on learning by doing effectiveness (Borgatti & Halgin, 2011; Burt, 

1992, 2005). Specifically, I examined the effects of these factors in the context of 

automotive engine manufacturing plants over a period of about twelve years, a context 

that is very relevant to an investigation of my hypotheses. 

First, by focusing on the importance of the workforce composition, which is well-

supported theoretically as both the entity that learns from organizational experience and 

develops new knowledge about operational processes and the repository in which the 

obtained knowledge is stored and even refined by collaboration between workers, I 

argued that change of part-time worker ratio would affect the effectiveness of learning by 

doing. In particular, I developed a hypothesis, relying on the consistent findings of 

previous empirical studies, that increasing the temporary workers in the workforce 
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composition would do damage to not only individual workers’ motivation to learn from 

operational procedures but also the collective workforce’s trustful working attitudes 

(Argote, 1993; Harvey & Denton, 1999; March, 1991; Pucik, 1988; Sterman et al., 1997). 

As demonstrated in Section 5.2, this argument is supported by the current analysis. 

However, I proposed that the detrimental effect of the increased part-time worker ratio in 

the workforce is likely to be mitigated when an engine plant has good connections to 

others as its network properties. The relevance of knowledge that may flow in the 

production-based network structure would enable an engine plant with an increase of 

part-time workers to compensate for the loss of opportunities to benefit its learning by 

doing process by utilizing the chances to obtain knowledge from other plants linked to it. 

In the analysis, I examined the proposed mitigating effect of network properties on the 

detrimental association of the increase of part-time worker ratio and productivity 

enhancement, confirming the benefit of network properties in this regard. 

Next, I moved on to investigate how an engine plant’s manufacturing process 

improvement would affect the overall effectiveness of learning by doing (Adler & Clark, 

1991; Argote, 1999). Based on the automotive industry’s characteristics, I focused on the 

extent to which a plant externalizes its manufacturing process to its supply chains, which 

is a well-established manufacturing practice in the automotive manufacturing context. 

My argument is that the considered utilization of refined, well-controlled manufacturing 

processes makes it possible for engine plants to focus more on the improvement of 

internal production processes, consequently acquiring more knowledge about these 

processes. This argument is also supported by the current analysis, as reported in Section 

5.3. However, for reasons derived from managerial practices, some plants still maintain 
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in-house manufacturing processes within their boundaries, therefore losing chances to 

exploitatively focus on operational experience. I argued that the drawbacks of not using 

improved production processes by relying on externalized production can be 

compensated for by having opportunities to learn from others in a broader network 

context. My argument for this is based on the knowledge flow benefits provided by 

networks, which is also theoretically well-elaborated by previous network theories and 

research. The analysis confirms this argument as it is proposed in the current study. 

Lastly, I turned my attention to the effects of the extent of accomplishing other 

goals, quality control in this study, on the production-related goal of cost productivity 

enhancement. Based on the attention allocation argument in organizational learning 

theory (Cyert & March, 1963; March, Schulz, & Zhou, 2000; Ocasio, 2010), I proposed 

that the conspicuous failure of an engine plant’s quality control makes the plant focus 

more on its productivity enhancing activities in that lower quality assessment from the 

market is more difficult to enhance in the short term than production-related productivity, 

which is relatively easy to control internally. This argument is also supported by the 

analysis. In considering the effect of network properties on the effect of quality control 

on productivity enhancement, I proposed that the contingent factor of knowledge 

relevance may function differently from the two other factors—workforce composition 

and amount of in-house manufacturing—in utilizing network properties. Given that the 

production-related network tends to be the channel of production-focused knowledge, 

having good connections in this kind of network may keep engine plants from 

recognizing the seriousness of poor outcomes of quality control, and thus the network 

properties here work unfavorably (Hansen et al., 2001).  
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In addition to the internal factors that affect the effectiveness of learning by doing, 

I also included comparatively social and external factors that are very likely to affect 

learning by doing, based on previous studies (Adler & Clark, 1991; Argote, 1999; Argote 

& Miron-Spektor, 2010; Epple et al., 1996; Ingram, 2005). These are degree centrality 

and closeness centrality. The findings of the current study confirmed that the network 

properties that define how well connected an organization is in a given network would 

contribute to the effectiveness of learning by doing activities when investigated as 

independent effects. However, as for the moderating effects of network properties with 

each internal factor proposed in this study, the effects may differ according to the 

contingent characteristics of the factors considered in the interaction effects, as reported 

in Section 5.4. 

6.2 Contributions 

This study, first, expands the learning by doing research by suggesting factors that 

may affect the effectiveness of learning by doing and investigating their effects in a well-

designed empirical analysis. Despite the extensive body of learning by doing studies, 

there are very few studies that look at specific factors that directly or indirectly affect the 

effectiveness of learning by doing. For example, while many learning curve studies, 

which form a great part of organizational learning by doing activities research, have 

examined experience effects, most of them only capture the experience by a proxy 

variable of cumulative production due to the difficulties of identifying closer factors that 

may consist of the experience itself. Based on the suggestions about closer factors made 

in previous studies (Adler & Clark, 1991; Argote, 1999; Epple et al., 1991; Lapré & 

Nembhard, 2010), I theoretically identified potential factors by which the underlying 



83 

processes of learning by doing can be examined in depth, and then I empirically 

examined the effect of those factors. Despite the limited theoretical elaboration of the 

factors composing experiential learning, Levy (1965), for instance, suggested a 

framework with which the inside of learning by doing can be explored. According to him, 

organizations’ learning from their experience may be divided into two categories: 

autonomous learning and deliberate activities of learning. The former is experience 

accumulated in the workforce of organizations, while the latter is embodied as 

technology-based operational procedures. In my study, both are specifically investigated 

as workforce composition and process improvement. In a similar vein, other studies have 

suggested lists of factors of learning by doing; these suggestions can be reclassified as 

human embodied knowledge, technology-oriented knowledge, and opportunities to learn 

from others (Adler & Clark, 1991; Epple et al., 1991). Because the current study’s 

identified factors are aligned with the suggestions of previous studies, it can be evaluated 

as a solid attempt to comprehensively explore all these aspects of learning by doing. 

In addition, this study is compelling in its expansion of the learning by doing 

research because it sees the opportunities to learn from others in terms of network 

configuration. Despite the aforementioned suggestions of the previous learning curve 

literature, there have been very few studies conducted in such a manner as to inclusively 

see the possibilities of learning from others (Darr et al., 1995). While the learning by 

doing literature often emphasizes the importance of external opportunities to learn from 

others for the purpose of enhancing internal experience and has suggested ideas for future 

research into this aspect, there are still few studies that actually incorporate it. This study, 

therefore, is one of the first studies to investigate the effectiveness of learning by doing 
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by incorporating a social network perspective, which has a strong implication of 

knowledge flow between organizations. Because the social network perspective has 

consistently provided a solid foundation on which various types of learning can be 

examined (Borgatti & Halgin, 2011; Ingram, 2005), the social conditions under which an 

organization may benefit from the opportunities to enhance its experiential learning are 

best investigated from the network perspective. Furthermore, the current study also 

examines the contingency of network properties by identifying knowledge relevance as a 

crucial factor by which an organization may obtain benefits or be constrained. 

6.3 Implications 

This study has some important implications for business practitioners who are 

concerned with aspects of their organizations’ learning by doing activities. First, it 

provides a noteworthy insight on the importance of how an organization manages its 

workforce to encourage effective experiential learning. As the results of this study show, 

an increase of the ratio of part-time workers in the total number of workers may do 

damage to the effectiveness of learning by doing at the organizational level. It is 

undeniable that managers consider the layoff of their full-time workers or the 

replacement of full-time workers with temporary workers in unfavorable economic 

conditions. The results of this study suggest that they should not make such a change in 

workforce composition to an extent that would cause the workforce to lose the motivation 

to contribute to overall experiential learning at the organizational level. Nonetheless, if 

they cannot resist making such a dramatic change in workforce composition, managers 

should take into consideration how their organizations may have opportunities to learn 

from other organizations to compensate for the loss of their valuable individual learners 
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in the workforce. Given the fact that many organizations operate multiple departments or 

plants, a network-oriented configuration in which they consider the connectivity between 

their subdivisions has to be taken into serious consideration, so that loss of workforce in 

certain subdivisions can be compensated for by good operation-related relations with 

other divisions. 

In a similar vein, managers are encouraged to utilize improved operational 

processes as much as possible, given that the improvement of processes may provide 

extra resources with which their organizations can pay more attention to the possibilities 

of extracting more knowledge from their operation. As the findings of this study suggest, 

the externalization of production processes to the external suppliers with which the 

organization has built trust-based relations may contribute to productivity enhancement. 

In addition, by utilizing their network properties in a case in which they still have to 

maintain the externalizable processes within their boundaries for some reason, the 

organizations should consider a well-developed network composition with other 

organizations, so that they may minimize the loss of opportunities to encourage the 

internal creation of knowledge. 

Overall, this study emphasizes the importance of social networks even in the 

internally oriented aspects of learning by doing. Considering the current industrial trends 

in which many organizations are somehow interrelated to one another, experiential 

learning, which used to be considered solely as an internal matter of an organization, is 

no longer so. To effectively enhance internal learning, external factors such as relations 

with other organizations must also be taken into consideration. 
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6.4 Limitations and future study 

Despite the promising contributions that this study makes, it also has some 

limitations. Most of the limitations of the current study derive from the limited nature of 

the data. First, this study uses cost-based productivity to capture the extent of 

organizations’ learning by doing. However, this variable is a single factor productivity, 

which follows the tradition of the extant cost productivity studies. Because the research 

setting of this study is one of the labor-intensive manufacturing industries, the current 

measure of productivity is still usable. However, it could contribute more if data allowing 

a more comprehensive measure of productivity, such as Total Factor Productivity (TFP), 

were to be collected (Adler & Clark, 1991; Lapré & Nembhard, 2010). 

Second, the network structure used in this study is also a one-dimensional 

structure in which only production-related relations among plants are identified. It is 

often said in social network studies that network structures among social actors are 

usually multi-dimensional, and a more compelling study could be developed if the multi-

dimensional nature of network structures could be captured (Emirbayer, 1997; Podolny, 

1993). In the current study’s setting of the automotive industry, there may be other 

network structures than the production-related network, such as worker-level 

collaboration networks or other activity-based networks. 

Lastly, the current study includes only the characteristics of connectivity between 

plants as a way to incorporate possible knowledge flow. This analytic tendency is mostly 

due to that of network analysis, which focuses on linkage benefit. However, a future 

study could contribute more if it were able to include what sorts of knowledge are 
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actually transferred between organizations in terms of the quantity-based measure of the 

knowledge that flows between organizations.  
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