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ABSTRACT


This study provides a longitudinal empirical examination of the basic elements of Nonaka's (1994) dynamic theory of organizational knowledge creation.  First, the data illustrate the notion that knowledge creation in organizations proceeds through an intertwined four-phase process:  1) socialization (tacit knowledge amplification); 2) externalization (tacit knowledge is transformed into explicit knowledge); 3) combination (explicit knowledge amplification); and 4) internalization (explicit knowledge is transformed into tacit knowledge).  Second, the study extends Nonaka’s theory by comparing the relative amount of intra-organizational knowledge transfer occurring during periods of product redesign with the amount of knowledge transfer occurring during steady-state periods.  The questionnaire data suggest that the overall level of knowledge transfer is higher during periods of product redesign than it is during the steady state, whereas the interview data indicate that there were more mentions of knowledge transfer during the steady state. Third, the data suggest that there may be benefit in adding tacit error correction as a fifth phase in the learning cycle.  This phase is characterized by a dual emphasis on externalization and internalization. Implications of these findings are discussed. 


LEARNING TO BUILD A CAR: AN EMPIRICAL


INVESTIGATION OF ORGANIZATIONAL LEARNING

 
Answering the questions "Can organizations learn?" and “How do organizations learn?” has generated considerable debate among scholars (see Crossan and Olivera, 2001 for a review).  Some researchers take a cognitive perspective, suggesting that only individuals can learn and, therefore, the term “organizational learning” really means individual learning within the context of organizations (e.g., Cangelosi and Dill, 1965; March and Olsen, 1976; Simon, 1991).  This perspective views organizational learning as dependent on the cognitive processes of individuals in the organization, and it focuses on the detection of errors so that individuals can learn to do things correctly (Bolman, 1976; Argyris and Schon, 1978).  


In contrast, other scholars take the term “organizational learning” literally, arguing that an organization is not simply a collection of individuals who have learned, but an entity that is capable of learning on a collective basis (e.g., Cook and Yanow, 1993; Hutchins, 1991).  This approach views organizations not simply as cognitive entities, but as cultural ones.  Organizational learning is therefore qualitatively different for organizations than it is for individuals.  Cook and Yanow (1993) argue that organizations—whether they be sports teams, symphony orchestras, or business firms—can only act meaningfully as a team, and that “when a group acquires the know-how associated with its ability to carry out its collective activities, that constitutes organizational learning” (p. 378).  For adherents of this school of thought, the question of interest is not “Can organizations learn?” but “How do organizations learn?”


Perhaps the most important recent theory-building work in this field comes from a more holistic, integrationist perspective (e.g., Crossan et al. 1999; Nonaka, 1994), which suggests that organizational learning begins with the cognitive processes of individuals and is enhanced and preserved by organizational processes.  According to this view, organizational learning is an extension of individual learning that facilitates organizational goals and is shared among organizational members.  The outcomes of learning are then embedded in organization systems, structures, and cultures (Snyder and Cummings, 1998).


Our study draws from and builds on this integrationist perspective.  It is grounded in the work of Nonaka and his colleagues (Nonaka, 1994; Nonaka and Takeuchi, 1995; von Krogh, Nonaka, and Nishiguchi, 2000), who have developed a theory of organizational knowledge creation which uses the notion of recurring divergent and convergent cycles in the creation of knowledge to build a model of how organizations learn.  Drawing on the work of Clark (1985), Leonard and Sensiper (1998, p. 116) also view innovation as a cycle of divergent thinking followed by convergence.


It has been oft-noted that while there is much theorizing about organizational learning processes, there is actually very little empirical evidence to support the concepts and models that have been proposed (Crossan, 1996; Evans and Easterby-Smith, 2001; Harvey and Denton, 1999; Huber, 1991; Miller, 1996).  Empirical studies are scarce, in part, because it is difficult for researchers to gain access to “suitable” organizations.  For example, in order to examine the knowledge creation process at an organizational level, an ideal research site would:  (a) employ between 10 and 30 individuals (Nonaka, 1994); (b) produce a single product (firms producing multiple products have overlapping development cycles which make this kind of investigation more difficult); (c) be actively engaged in creating new knowledge that has a definite beginning and ending point (e.g., the redesign of the company’s sole product); and (d) give unlimited access to researchers.


The research reported here meets all of the above criteria and provides a rare glimpse into the process of how knowledge creation unfolds in an organizational setting.  We examined changes in interaction patterns that occurred between employees in a 20-person manufacturing firm as they learned how to redesign and retool operations for the production of a new model of the company’s sole product (cf. Burns and Stalker, 1961).  Research on an innovation process in organizations like the one in our study has been a popular way of assessing what is going on in the general area called “organizational learning” (see, for example, Fiol, 1994; Geppert, 1996; Miner, Bassoff, and Moorman, 2001; Nonaka, 1990; Nonaka and Takeuchi, 1995; Schoonhoven, Eisenhardt, and Lyman, 1990; Schroeder, Van de Ven, Scudder and Polley, 1989).  Edwards and Gordon (1984, p. 1) define innovation as "a process that begins with an invention, proceeds with the development of the invention and results in the introduction of a new product, process, or service to the marketplace."  Our study focuses on precisely such an innovation process.  Thus, we use the term “knowledge creation process” to describe what happens in an organization from the time a product redesign begins until the time when steady-state production of the redesigned product is achieved. 


The paper is organized as follows:  First, we review the concepts of tacit and explicit knowledge, and describe Nonaka’s (1994) organizational learning model.  We draw on this literature to develop three tentative propositions that guide our analysis and discussion.  Next, we describe our research design, which is a longitudinal case study using both interviews and questionnaires.  We then present our findings as they relate to the three propositions.  We conclude by noting several implications of our research for the study of organizational learning.

 
THEORETICAL BACKGROUND 


Knowledge has been characterized as either tacit or explicit (Polanyi, 1966; Winter, 1987).  Tacit knowledge, which is difficult to articulate to another individual, includes skill-based knowledge, knowledge of a future state (such as a leader's vision for an organization), and the creative processes that allow visualization of a new technical solution.  Tacit knowledge resides in individuals, and is conveyed to others in informal and subtle ways.  


Explicit knowledge, which can be readily articulated to others for their understanding and action, includes words, pictures, diagrams, computer code, and the like.  It typically resides in an organization's policy and procedures manuals, blueprints, written processes, computer programs, checklists, and the like.  Explicit knowledge emphasizes theory and rationality, and is conveyed to others in formal and obvious ways.
   


Although these are separate and distinct concepts, tacit and explicit knowledge are also interrelated (Alavi and Leidner, 2001).  For example, Polanyi (1975) observes that tacit knowledge forms the necessary background for assigning the structure to develop and interpret explicit knowledge.  Building on both the distinction and the interplay between tacit and explicit knowledge, Nonaka’s (1994) model of organizational learning (see Figure 1) proposes four knowledge transitions among individuals and groups in organizations:  tacit to tacit, tacit to explicit, explicit to explicit, and explicit to tacit (see also, Nonaka and Takeuchi, 1995; Nonaka, Toyama and Konno, 2000).  Nonaka labels these four transitions socialization, externalization, combination and internalization, respectively, and posits that knowledge creation, such as that associated with the product redesign reported here, occurs as a result of these transitions.  These four knowledge creation modes are highly interdependent, with each mode relying on, and contributing to, the other modes (Alavi and  Leidner, 2001).  Nonaka’s work complements that of others in the field.  For example, Hedlund (1994) also develops a model of tacit and explicit knowledge cycles in the creation of organization knowledge that incorporates individual, group, organization, and inter-organization domains.  Hedlund and Nonaka (1993) emphasize the combination of knowledge through lateral communication, particularly among constellations of "lower level" people in the traditional hierarchical organization.  
 

-----------------------------‑‑

insert Figure 1 about here

-----------------------------‑‑


Nonaka posits that the knowledge creation process moves from one phase to the next via one of four "triggers," and that each phase is characterized by a particular type of “ba.”  For him, “ba” refers to the actual context (e.g., the members in an organizational unit) in which knowledge is shared, created, and used, and which provides the energy, quality, and place to facilitate movement through the four phases.  Nonaka et. al. (2000) define four types of ba corresponding to the four phases arrived at by dichotomizing two important variables:  the type of interaction (individual or collective) and the media used for interaction (face-to-face or virtual).  


The first phase in Figure 1, Socialization, is triggered by team building, which facilitates the sharing of members' experiences and perspectives; it implies that group members trust one another, typically as a result of shared past experiences.  Socialization is exemplified in master‑apprentice relationships, mentoring, and on‑the‑job training.  During socialization, members use common experiences as a basis for developing verbal and non‑verbal ways to communicate ideas and visions that are difficult to articulate explicitly.  During socialization, empathizing yields what Nonaka and Takeuchi (1995) refer to as “sympathized knowledge.”  Socializing occurs in a context of “originating ba” (individual, face-to-face) where individuals share their emotions and experience.  
The move from socialization to externalization is triggered by collective reflection, or meaningful dialogue.  Through dialogue and sharing of perspectives, often via metaphors, members are able to externalize what is on their mind.  Knowledge that was previously invisible becomes explicit.  For example, a visionary idea about how to solve a technical problem may take form as a prototype model, or the technical drawings to produce it.   During externalization, articulating leads to “conceptual knowledge.”  Externalization occurs in the context of “dialoguing ba” (collective, face-to-face) where individuals’ skills and insights are explicitly articulated.


The move from externalization to combination is triggered by coordination and documentation (of team members and extant knowledge, respectively).  During combination, the explicit knowledge that has been created during externalization is combined with existing explicit knowledge.  This combination is facilitated by coordination among members, by testing processes, and by documentation in the records, drawings, and written procedures of the organization.  This builds a body of explicit knowledge that can more easily be shared among organizational members.  For example, a new device may be tested on an old machine to see if it will function in the total machine system.   During combination, connecting leads to “systemic knowledge.”  Combination occurs in a context of “systemizing ba” (collective, virtual interactions) where explicit knowledge is transmitted to large numbers of people in written form.


Finally, the move from combination to internalization is triggered by organization‑wide experimentation, or learning‑by‑doing.  Members with new explicit knowledge of how things are supposed to work now begin to master their tasks.  Repetition results in embedding the innovation in the workers' personal routines, providing them with a "feel" for quality.  For example, the sound of an engine becomes one signal of the engine's performance.  The knowledge cycle is completed as the explicitly defined innovation becomes part of the tacit skill set of the workers.  During internalization, embodying yields “operational knowledge.”  Internalization occurs in a context of “exercising ba” (individual, virtual interactions) where individuals internalize explicit knowledge that has been transmitted to them.


Although our first proposition below focuses on the relatively simple four-phase cycle at the core of Nonaka’s model, it is important to note that a more richly-developed understanding of the model sees knowledge conversion as a spiral, where the interaction between tacit and explicit knowledge is amplified across the four modes, expanding both vertically and horizontally across organizations, and between cognition and action, logic and emotion, mind and body, macro and micro, and order and chaos.  From this perspective, knowledge creation is a dynamic process that starts from the individual level and expands as it moves through communities of interaction that transcend departmental, sectional, divisional, and even organizational boundaries.  


Nonaka’s four-phase cycle gives rise to the first proposition that will guide our discussion of the data.  We offer this proposition as a theoretically-grounded guide for our empirical study.  Thus, although we are not attempting to formally test Nonaka’s model per se—indeed, the circularity inherent in Nonaka’s model may render it untestable—drawing on work like Nonaka’s facilitates theory-development because it permits us to identify constructs that may be especially helpful in furthering our understanding of organizational learning (e.g., Eisenhardt, 1989; Dyck and Starke, 1999).

 
Proposition 1:  Knowledge creation in organizations will proceed sequentially through a four-phase process of knowledge transfer, where the emphasis moves from tacit-to-tacit (socialization), tacit-to-explicit (externalization), explicit-to-explicit (combination), and explicit-to-tacit (internalization). 


We will look at this proposition at both a general level and a very specific level.  At the more general level, we will examine whether organizational members describe the knowledge creation process associated with the product redesign as moving sequentially through the four phases identified by Nonaka.  Almost by definition, we would expect any redesigned product to be based in part on the tacit knowledge that is available as a result of producing the previous model of the product.  We would also expect that it would involve some explication and combination, and eventually the internalization of the routine production processes of the redesigned product.  At a more specific level, we use questionnaire-based items to examine intra-organizational flows of explicit and tacit knowledge over time. Thus, we would expect to find all four types of knowledge transfer in each stage, but an emphasis on a particular type at each stage.  


Our second and third propositions seek to extend Nonaka’s model.  Although Nonaka describes knowledge creation as a continuous cycle, he implicitly suggests that there is a higher intensity of knowledge creation when a new product is being developed than during a period of steady-state manufacturing of an existing product.  In this way, his views reflect the punctuated equilibrium paradigm (e.g., Dyck, 1997; Gersick, 1988; Tushman and Romanelli, 1985) where periods of intense change (such as the development of new innovations) interrupt periods of equilibrium (such as the fine tuning of steady-state production processes).  Although Nonaka and his colleagues view “an organization as an entity that creates knowledge continuously” (Nonaka et al, 2000, p. 6; emphasis added here), they have tended to focus on specific periods such as the product redesign that we examine here (as reflected in our first proposition).  However, their argument goes on to suggest that knowledge creation will also be evident in organizations, albeit at a lower intensity, during steady state periods that are characterized by fine-tuning existing technologies.  Indeed, Nonaka (1994) describes how a firm can go from a period of relative equilibrium (characterized by relatively low levels of knowledge creation) to a period of heightened, non‑convergent, organizational knowledge creation.  Thus, at the organizational level, we would expect members to report greater knowledge flows during periods of product redesign than during the steady state. Taken together, these observations suggest the following proposition: 


Proposition 2: There will be relatively greater intra-organizational knowledge flows during product redesign periods than during steady-state periods. 

Nonaka is largely silent regarding the nature of knowledge transfer during the steady-state period.  Is it characterized by the same four-phase process associated with product redesign?  Alavi and Leidner (2001) suggest that after the non-steady-state periods of knowledge creation we should expect a relative emphasis on explicit knowledge flowing from individuals to their group’s storehouse of explicit knowledge, coupled with an emphasis on tacit knowledge flowing from individuals to their group’s storehouse of tacit knowledge.  While such knowledge flows seem reasonable, Alavi and Leidner’s focus is on combining and internalizing already-existing explicit and tacit knowledge, rather than on creating new knowledge.  The steady-state may indeed be characterized by such a variant of “learning-by-doing” that focuses on cumulating or sharing already-existing knowledge (for a description of this type of experiential learning in the classroom, see Macy and Neal, 2002).  However, it is also likely that the steady-state will be characterized by a variant of “learning-by-doing” that creates or develops new knowledge (see, for example, Nilsson, 1995).    



Our focus in this paper is on the latter, namely, to develop a more complete understanding of the knowledge creation process.  This requires an assessment of how organizations go about the day-to-day learning and relearning that is required to fine‑tune production processes.  Organizations experience "disabilities" and "disorders" when learning (Senge, 1990; Snyder and Cummings, 1998; Van de Ven and Polley, 1992) which sometimes create barriers to effective learning (Leonard‑Barton, 1995; McGill and Slocum, 1993; Quinn, 1985; Shaw and Perkins, 1991).  For example, organizational “memory” may lead to undue emphasis on single-loop learning (Argyris and Schon, 1978), which in turn causes resistance to change.  When barriers to learning exist, the result is learned errors and incomplete learning cycles (March and Olsen, 1975; Marsick and Watkins, 1990).  Bad or incomplete learning cycles are particularly likely when innovation is based on experience with developing a single new product (March, Sproull, and Tamuz, 1991).


Some learned errors involve explicit knowledge, such as in a CAD/CAM operation where badly designed parts fail to fit properly, or when instructions or checklists fail to produce the desired outcome.  In these cases of erroneous explicit knowledge, the error is likely to be quickly discovered and easily corrected.  But when the errors involve tacit knowledge, they are not as easily identified, and correcting them requires a greater emphasis on learning.  Production workers, for example, typically learn about their erroneous tacit knowledge only if it is called to their attention by someone else.  When performance is diminished by errors in tacit knowledge, the organization must surface the error so that an employee can become aware of it and learn a new, correct response.


In light of these observations, we suggest that learning during the steady-state will be characterized by what we will call tacit error correction, which can be added to Nonaka’s model.  During tacit error correction we expect the relative emphasis to be on two particular types of knowledge transfer:  tacit-to-explicit (to surface the error), and explicit-to-tacit (to learn a new, correct skill).  The former is emphasized during externalization, and the latter during internalization.  We expect that during tacit error correction relatively little emphasis will be placed on tacit-to-tacit knowledge transfer (i.e., socialization) because tacit errors are quite observable to others in the organization (e.g., a part fails to fit properly).  Neither do we expect explicit-to-explicit knowledge transfer to be emphasized, since the correct function is already known (i.e., there is an error in manufacturing a certain part).   This leads to our final proposition:

Proposition 3:  During the steady-state, the relative emphasis will be on tacit error correction, as manifested by an emphasis on surfacing errors (externalization) and learning correct responses (internalization).  


While we do not offer a definitive empirical test of Nonaka’s model, we do provide empirical data to determine whether the basic components of the model are evident.  Such empirical work is important for theory building and for future theory-testing research in organizational learning.  In particular, as indicated in our three propositions, we wanted to determine whether we could empirically observe changes in the relative emphasis on explicit and tacit knowledge transfer over time.  We also wanted to contrast knowledge creation during periods of product redesign versus knowledge creation during the steady-state.

METHOD

  Research Site


We were fortunate to be given virtually unlimited access to a manufacturing firm that exhibited the desirable characteristics for a study of knowledge creation noted earlier (e.g., it was a single-product firm with between 10 and 30 employees, Nonaka, 1994).  The 20-employee firm, which produced a small, internal-combustion powered vehicle for street use by municipal parking patrols, was founded by an inventor who had a long history of dabbling in mechanical vehicles, but who initially knew virtually nothing about manufacturing such vehicles.  The work force he assembled included a few auto mechanics and a couple of metal and machine journeymen, but his workers were mostly farm-raised young men with no post-secondary education.  In spite of this, the firm had been able to design and produce a government-certified motor vehicle that had taken its niche market by storm, and was threatening to displace the much larger international firm that had held a near-monopoly in that market for 40 years.


The firm was organized into three sub-units: Fabrication, Assembly, and Office.  The Fabrication unit (n = 5 to 8 employees) was responsible for creating all the on‑site manufactured parts.  It consisted of a plasma cutter (who operated a computer-guided machine that cut parts from metal sheets), break operators (who bent the metal parts), welders, and a painter. The Assembly unit (n = 5 to 7 employees) consisted of workers in wet (greasy) subassemblies, dry subassemblies (e.g., trunks and fenders), final assembly (of chassis, engine, transmission, and electrical), and test drivers and troubleshooters for the completed vehicle.  The Office (n = 5 to 7 employees) consisted of research and development and records (parts administration, CAD/CAM, accounting, HR, and other administrative functions).


The invitation to gather data at the firm came from the son of the firm's founder, who was acquainted with one member of the research team.  The son had recently assumed the presidency of the firm because his father (hereafter called the Inventor) wanted to devote his full-time attention to designing a new and improved version of the vehicle the firm had been producing.  As a result of talking to customers and distributors, the Inventor had developed a list of about 100 improvements that he wanted to make (including installing a different motor).  


To the untrained eye, the new model that eventually emerged looked much like the original, but it contained many structural and mechanical changes that required workers to relearn much of the technology in order to produce it.  For example, a particular challenge was to design a sliding door that was air tight (to accommodate the air conditioner that was being added to the redesigned vehicle), had dual sliding sections (so that the operator could lean out the top window to affix parking tickets to the windshields of vehicles), was light (to keep within weight restrictions for a vehicle of this class), was compact (so that it would not interfere with the rear wheel well), and could be built with technologies that the firm had access to (e.g., it could not be built out of fibreglass).  Such a door was not available anywhere on the market, and required several weeks of development time.  This work was in addition to all the other concurrent redesigns of the vehicle, such as new seats and less tubular steel in the vehicle’s frame.  Another indication that the resulting vehicle represented a new creation is evident in the fact that the company had to repeat all of the extensive government testing that it had originally done in order to make the redesigned vehicle “road-legal.”  


The vehicle redesign situation, where new knowledge was being created, offered the natural experiment on which our research is based.  We wanted to determine, among other things, how this small company could learn to design and successfully produce such a complex motor vehicle.  In particular, we used Nonaka's (1994) model to empirically examine organizational learning at this firm.  The research team was deliberately multi‑disciplinary—with expertise in organizational behavior, organizational theory and strategy, and in survey and qualitative research—in order to simultaneously study a wide range of phenomena.

Timing of Data Collection Points  


By monitoring the product development process at the firm via regular contact with the President, we were able to collect data when, in his words, "interesting things were going on."  In this way, we collected interview and survey data six times over a 26-month period (May, 1995 to July, 1997).  After we had completed collecting the data, we discovered that four of the data collection points corresponded roughly to the four triggers in Nonaka’s organizational learning model.   We report data for only five time periods—the four data points that match Nonaka’s description of trigger points, and one data point after the new model was in steady-state production.


The first data collection point (T1—May of Year 1) coincided with the arrival of the son as the new President, and the Inventor’s move to the role of Vice‑President of Research and Development. At this time there was collaborative discussion about the design of the new vehicle as the Inventor sought out the knowledge of important members of the organization and kept them abreast of the design process.   These exchanges were built on trust, dialogue, "show‑me's", metaphors, "hands‑on's", "watch‑me's" and "back of the napkin" exchanges in the employee coffee shop.  The Inventor's move to the full‑time R&D position prompted the formal process of actually building a new prototype, and converting tacit knowledge into explicit knowledge. This activity corresponds to Nonaka's description of the first trigger, meaningful dialogue, which describes the movement from socialization(externalization.

The second data collection point (T2—June of Year 1) coincided with testing the prototype of the new vehicle and preparing it for EPA certification. The activities that were evident—for example, continued collaboration about design, building the prototype, and incorporating the new design into specification drawings—brought the new design to life from its beginnings in the mind of the Inventor.  Foremen began teaching workers in their sub‑groups how to fabricate the new vehicle parts, and how to assemble those parts into a working vehicle.  Old routines learned from building the former model were adapted to the new model design.  Employees were shown various sub- and final assemblies, and then performed these tasks themselves under the supervision of their teacher.  This activity corresponds to Nonaka's second trigger, coordination and documentation, which describes the movement from externalization(combination.  



The third data collection point (T3—November of Year 1) coincided with having received EPA certification for the new design and beginning the actual production of the new model. During this phase, production volumes were still well below steady-state capacities, but workers were "getting the hang of it" and were poised to master the new manufacturing processes.  Inventories were being built up, and the firm was preparing for full‑scale production. This activity corresponds to Nonaka’s third trigger, learning-by-doing, which describes the movement from combination(internalization. 


The fourth data collection point (T4—May/June of Year 2) coincided with the early stages of steady-state production of the new design. At this time relatively stable production had been going on for about six weeks and workers had internalized many new skills.  As employees developed their own processes and techniques for fabrication and assembly, throughput increased.  Troubleshooting employees reported that they could sense whether or not they had a "good car" by the sound of the engine and how the car handled on its first drive.  Employees also reported that they had developed shortcuts for some of the work operations they performed, and had reordered some of the work processes to make fabrication and assembly more efficient. This activity corresponds to Nonaka's fourth trigger—crystallization, convergence, and team building—which describes the movement from internalization(socialization. 


The fifth data collection point (T5—July of Year 3) took place when the firm had been in steady-state production of the new design for about 13 months.  Minor adjustments were still being made, but the production processes had been standardized and the organization was focused on fine-tuning its production capability for the new vehicle.  Toward the end of the steady-state phase, another new model of the vehicle was under active discussion; this signaled to us that the firm had moved through a complete innovation cycle.   

Date Collection and Analysis


We interviewed and administered the questionnaire to each employee who was at work during each data collection site visit (however, on one occasion an Assembly worker was too busy to be interviewed, but he did complete the questionnaire).  The number of people who completed the questionnaires fluctuated somewhat across data collection periods (T1 n = 16; T2 n = 13; T3 n =17; T4 n = 17; T5 n = 23), due to employees being on vacation, off work due to illness, and a variation in the size of the workforce (especially an increase during steady-state). 


Consistent with Nonaka (1994) and others (e.g., Miner, 1994; Papa, 1990; Schein, 1993; Winter, 1994) who identify “interaction” as a key to operationalizing knowledge transfer, our research design was focused on collecting data that would allow us to examine interactions among members within the firm (see also Dornblaser, Lin and van de Ven, 1989; Schroeder et al, 1989).  Interpersonal interaction and communication have been shown to facilitate the learning of new technologies in organizations (Eisenhardt and Tabrizi, 1995; Miner, 1994; Papa, 1990), to ensure that a problem is understood, and to convert tacit knowledge into explicit knowledge (Nonaka, 1994; Schein, 1993; Winter, 1994).

Socialization, or tacit-to-tacit knowledge transfer, is by definition not explicitly measurable, but it may be inferred by monitoring levels of systemic interaction.  For example, increasing interaction levels, coupled with a declared process of innovation, may suggest that increased tacit-to-tacit knowledge transfer is occurring.  Externalization requires interaction, especially when those whose strengths lie in developing conceptual ideas do not possess the (tacit) technical skills or capacity to make their ideas explicit and bring their innovation to full flower.  Interaction is also integral to the transfer of explicit knowledge during combination, as when a shop foreman teaches an employee how to assemble a particular component according to the blueprint or checklist.  The process of internalization is more difficult to measure externally, but it is characterized by processes like introspection and self-improvement, that can to some degree be deduced from interviews or questionnaire items.   


Interview data.  The interview data allowed us to understand the work that members were doing, the issues they were discussing with their colleagues, and the extent to which interviewee descriptions of organizational events were generally consistent with the four triggers specified in Nonaka’s model.  Because our interview protocol asked open-ended questions, we expected that the interactions mentioned by interviewees were particularly salient to them and/or the firm (Crossan et al, 1999, p. 579). 


The first interview with each employee began with a series of questions dealing with the employee's past experience and current perceptions about the job and the organization, including its strategy, administration, and external environment.  Most interviews lasted about 30 minutes, but some lasted up to 2 hours (particularly those with the Inventor).  All interviews followed the same question outline, but subjects were given considerable latitude to discuss whatever was on their mind.  


Subsequent interviews focused on two important open-ended questions: "Has anything interesting happened at the firm since we last talked?" and "Has anything interesting happened in your job since we last talked?"  As with other qualitative studies (e.g., Dyck and Starke, 1999), the use of open-ended questions enhanced “face validity” because it allowed us to better “hear” what employees thought was important to them rather than having them respond to items prompted by us. Thus, like other qualitative studies we developed items ex-post rather than ex-ante.  Three of the authors conducted these one-on-one interviews, and workers were rotated from interviewer to interviewer on the five interview occasions.  Interviews were tape‑recorded and a near-verbatim transcript of each interview was produced.  


The “trustworthiness” (i.e., internal validity, external validity, and reliability) of our qualitative data is evident in its credibility, transferability, and dependability (Lincoln and Guba, 1985; Kirk and Miller, 1986; Zyzanski et al, 1992).  Credibility (internal validity) is enhanced by (a) our extended engagement at the research site (26-month time period, 6 data collection points), (b) triangulation (on-site observation, interviews, and survey data), and (c) peer debriefing (the co-authors discussed the findings with each other and with organizational members, particularly the president).  Transferability (external validity) is enhanced by detailed (thick) description of the organizational context, interviews with all members of the organization, the development of a near-verbatim transcript of all interviews, and the writing of a lengthy three-part case study of the events at the research site.  Dependability (reliability) is enhanced by purposive and theoretical sampling (e.g., timing of data collection points), protecting the confidentiality of interviewees, and rigorous data collection management and analysis processes. 


Analysis of the interview data followed a five-step process.  First, the transcripts were content‑analyzed using NUD*IST, a software package designed for the analysis of non-numerical data. NUD*IST is similar to other software packages such as QUALRUS and Atlas.ti.  In large part, its utility lies in its ability to allow for complex coding and subsequent retrieval of user-defined passages of text.  Among its other features is the ability to hierarchically link concepts/codes to produce “tree diagrams.”  However, its use within this investigation was primarily limited to its code-and-retrieve function.  Thus, the interviews were sub‑divided into 7,529 text units, with each unit being one paragraph in length.  Each text unit was evaluated to determine if it reported or inferred an interaction (i.e., an occasion for knowledge transfer) with someone else in the firm, or with significant stakeholders external to the firm (including customers, shareholders, suppliers, bankers, distributors, or dealers). 



Second, interview segments that made mention of a knowledge transfer opportunity with another member of the firm were grouped by topic (e.g., collaboration in design, fabrication of parts, etc.), and the ten most frequent interaction topics were used for further analysis.  The third step involved calculating the percentage of text units on a topic that occurred in each period.  For example, “Quality Control” was mentioned 20 times during the first four data collection points and is found 7 times in the data from T1. Thus, its frequency is reported as 35% at T1 in Table 1.

-----------------------------

Insert Table 1 about here

------------------------------


The fourth step involved comparing the percentages within each period for each of the ten topics and rank-ordering these. “Quality Control,” for example, ranked as the second most frequent topic from T1 based on its relative ranking. This rank is based on the percentage of occurrences from periods T1 through T4.  In the final step of our analysis, we calculated the comparable percentage scores for the steady-state period (T5) based on all five data collection points.


Survey data.  The survey data allowed us to examine the level and type of knowledge transfer that was occurring within each dyad, and therefore within the total organization.  The use of both interviews and surveys enhanced the reliability of our study via triangulating the data (Miles and Huberman, 1994); it also provided indicators with good face validity of changes in the content and nature of knowledge transfer that occurred across the data collection points (cf. Dyck and Starke, 1999).

At each data collection visit, each employee completed a matrix-type questionnaire that asked them to rate the magnitude of their interactions with each other person in the firm.  Employee names formed the rows of the matrix and the research questions formed the columns.  The results reported here are drawn from four specific questions as follows:  “As far as your work is concerned, assign the letter to each co-worker (where H = High, M = Medium, and L = Low) that best describes:” 


Question #1:
the amount you teach to _____________[explicit transmitted];


Question #2:
the amount you learn from ___________ [explicit received];


Question #3:
the amount of influence you have on ____________ [tacit transmitted];


Question #4:
the amount of influence ___________ has on you [tacit received].


Questions like these cannot capture all of the nuances of tacit and explicit knowledge transfer, but they do provide practical indicators of interactions.  For example, we used Question #1 (“amount you teach to ________”) primarily to assess the amount of explicit knowledge that was transmitted, but obviously some tacit knowledge may also have been communicated.  Similarly, we used Question #2 (“amount you learn from _________”) primarily to assess the explicit knowledge received, but this question also likely captures the reception of some tacit knowledge.


Developing measures of tacit knowledge transfer has been found to be problematic (Acar and Burns, 2001).  We used Question #3 (“amount of influence you have on _______”) primarily to examine tacit knowledge transmitted, and Question #4 (“amount of influence ________ has on you”) primarily to examine tacit knowledge received.  These items may also capture the transfer of some explicit knowledge as well as other things like relative hierarchical position.  However, in the context of being asked about interpersonal teaching and learning, the variations in responses over time provide some indication of changes in tacit knowledge transfer.  Recent research has used “influence networks” as a measure of tacit knowledge (Evans and Easterby-Smith, 2001, p. 147).  Similarly, Polanyi (1966, p. 7) observed that the principal mechanism by which knowledge is tacitly acquired is via “the machinery of hidden persuasion.”  

The first step in the analysis of the survey data was to calculate the mean levels of interaction for each of the four types of knowledge transfer.  To accomplish this, the respondents’ interaction ratings were assigned values of H = 2, M = 1 and L = 0, and network methodologies (Scott, 1991) were applied to analyze the weighted interaction data.  Mean "intensity of interaction" scores were calculated by averaging the interaction ratings of all the possible dyad combinations during each time period for each of the questions.


The second step in the analysis involved using these means to determine the level of each of Nonaka’s four types of knowledge transfer for each data collection period.  This was done as follows:

· Socialization was computed by summing the data from Question 3 (tacit transmitted) and Question 4 (tacit received); 

· Externalization was computed by summing Question 3 (tacit transmitted) and Question 2 (explicit received);

· Combination was computed by summing Question 1 (explicit transmitted) and Question 2 (explicit received); 

· Internalization was computed by summing Questions 1 (explicit transmitted) and Question 4 (tacit received).   


The third step of the data analysis involved determining the relative emphasis on Nonaka’s four types of knowledge transfer during each of the four data collection periods.  Following a similar procedure to that used with the interview data, this involved “standardizing” the scores for each of Nonaka’s four types of knowledge transfer over time.  Finally, we rank-ordered the four types within each time period, as per our second proposition.

RESULTS
Knowledge Creation in Four Phases (Proposition 1) 


Interview data.  As is evident from the quotes in Figure 2 (which illustrate that each of Nonaka’s four types of knowledge transfer were present during the course of our study), our interview data provide a rich opportunity to examine how the knowledge creation process unfolded.  We present these interview data in two ways.  First, we will examine whether a content analysis of what interviewees were talking about changed from one data collection period to the next (refer back to Table 1) and, second, provide several quotes that illustrate the various types of knowledge transfer associated with each period.  Taken together, our interview data are consistent with Proposition 1.

------------------------------

Insert Figure 2 about here

-------------------------------


As shown in Table 1, at Time 1 (trigger #1, meaningful dialogue) the most frequently mentioned topics were collaboration in design (ranked #1), quality control (#2), and the Inventor’s approach to design (#3). There were relatively few mentions of topics like incorporating design into records (#10), and drawings, records, and systems (#7).  This relative emphasis on design, and de‑emphasis on records is consistent with both tacit‑to‑tacit knowledge transfer and tacit-to-explicit knowledge transfer.


This transition from socialization to externalization is also evident in how the interviewees describe what was occurring in the firm during this time.  An Office worker says: 

“Go with the flow for now [internalization.]  If you have ideas, bring them out [externalization].  We’re always willing to learn something from someone else.”  An Assembly worker describes this tacit-to-explicit transfer as follows:  “He [the Inventor] just stares at the vehicle, and then all of the sudden comes up with something.”  These quotes hint at notions of meaningful dialogue, empathizing and articulating knowledge, and of originating and dialoguing ba.  


At Time 2 (trigger #2, coordination and documentation) the topics most frequently mentioned were incorporating design into records (ranked #1), collaboration in design (#2), and fabrication of parts (#3).  At this time there was still a relatively low emphasis on the ongoing needs for production, including procurement of parts for inventory (#10), assembly production volume (#9), and fabricated parts inventory (#8).  This emphasis on incorporating design into records is consistent with both tacit-to-explicit knowledge transfer and explicit-to-explicit knowledge transfer.


  This transition from externalization to combination is also evident in interviewees’ descriptions of how they were learning.  For example, an Assembly worker describes how he was learning so much on the job that he had begun to write things down in a notebook “to keep track of things such as how much to torque this bolt, how to mount a bracket, and so forth.”  An Office worker describes how he learned by “watching others, what they were doing and how they were doing it, and adding [combining] my own knowledge, and others helping me out by providing [externalizing] their opinions.”  Both quotes convey notions of coordination and documentation, articulating and connecting knowledge, and of dialoguing and systemizing ba.  

At Time 3 (trigger #3, learning‑by‑doing) the most frequently mentioned topics were procurement of parts for inventory (ranked #1), fabricated parts inventory (#2), and quality control (#3).  Much less emphasis was placed on collaboration in design (#10), training employees (#9), and the Inventor’s approach to design (#8).  The emphasis on topics like inventory and quality control, and de-emphasis on design, is consistent with explicit-to-explicit knowledge transfer.

This transition from combination to internalization is also evident in interviewees’ descriptions of how they were learning.  For example, an Office worker’s comments touch on each of the four phases consecutively:  

“I think a lot of what you have to do, you have to listen.  Number one, that’s the first thing you have to do when you start in with a new position, you have to listen [socialization].  You don’t open your mouth [externalization] until you have all the information.  You have to be able to decipher what is good information to keep in mind, and what is material that you really can’t use, and is just somebody spouting off.  So basically what I do is I go home at night and I make notes at night about what I picked up during the day.  And I throw out the garbage and I keep, and what I do at the end of the week is, that I put this all down together, Saturday or Sunday, whenever I have a few minutes [combination].  And I just read it over and see if there is anything I can do about it, come Monday morning.  Sometimes it doesn’t take very much to make somebody just that much happier.  Which makes the job that much easier.  Because the way I look at it, if everybody is happy, and we are shipping cars out the door, my job is going to be a breeze [internalization].”


An Assembly worker describes the transition from combination to internalization as going from a “check list” to finding your own comfortable way:

“There is a check list [combination], but once you build the vehicle you get into your own groove [internalization] on how you like to put things together.  The check list kind of jumps from the front of the vehicle to the back of the vehicle, for one guy.  Some places you can just do all the back and then go and do all the front, and then do a bit of everything at the end.  You find your own way about doing it, the most comfortable way.”

Both quotes convey a sense of learning-by-doing, of connecting and embodying, of systemizing and exercising ba.


At Time 4 (trigger #4, team‑building, crystallization and convergence) the most frequently mentioned topics were fabrication of parts (ranked #1), assembly production volume (#2), and records (#3).  Much less emphasis was placed on quality control (#10), procurement of parts for inventory (#9), and collaboration in design (#8).  The emphasis on the everydayness of steady-state production and fabrication is consistent with both explicit-to-tacit knowledge transfer and tacit-to-tacit knowledge transfer.


This transition from internalization to socialization is also evident in how the interviewees describe what was occurring in the firm during this time.  This is exemplified in the following quotes from the Inventor and founder of the firm, who is clearly aware of the body of tacit knowledge he has acquired from others in the firm (and that they have acquired from him).  He is also aware of the importance of the knowledge that is nested in the firm as a whole, and the importance of ba for using existing knowledge to develop new knowledge:

“You can’t do it alone.  You need to surround yourself with people you’re compatible with [ba].  It’s so important.  It’s a lot easier to massage something if you can discuss it with someone.  And this is especially true when you’re designing something like our little vehicle.  It’s extremely important to me that I can work with people I’m compatible with. 

“The vehicle is just our bread and butter.  It has been the springboard to pulling together a group of people that have skills in building things.  So what I’ve learned, using my own personal interest here, what I’ve learned about how to manufacture something, how to design something, how to market something, how to be successful in the manufacturing business, I wouldn’t want to see that just kind of die.”


Questionnaire data.  The survey data also provide an interesting window through which to examine the proposition that organizational knowledge creation occurs in four phases as specified in Nonaka's (1994) model.  Table 2 shows the rank-order of importance of the four types of knowledge transfer—socialization, externalization, combination, and internalization—over the four time periods of the study.
-----------------------------

Insert Table 2 about here

------------------------------


As shown in Table 2, at Time 1 (socialization(externalization), the relative emphasis is on socialization and externalization, while at Time 2 (externalization(combination), the emphasis is on externalization and combination.  At Time 3 (combination(internalization), the relative emphasis is on combination and internalization, and at Time 4 (internalization(socialization), the emphasis is on internalization and socialization.  The return to socialization at the fourth trigger marks the completion of the learning cycle, as predicted in Proposition 1.


These data are also represented visually in Figure 3.  The four concentric circles represent the rank of each type of knowledge transfer, with the outer circle representing the highest rank, the next circle representing the second rank, and so forth.  The rank of each type of knowledge transfer noted earlier in Table 2 is plotted on the appropriate quadrant and circle for each of Nonaka’s hypothesized four phases.  The arrow in each diagram shows the emphasis that is evident for the top two ranks in each of the four time periods.  Consistent with Proposition 1, Figure 3 illustrates how the knowledge creation process follows Nonaka’s four triggers in sequence.

------------------------------

Insert Figure 3 about here

------------------------------

Knowledge Creation During New Product Development Vs. The Steady State (Proposition 2)


Unlike Proposition 1, where the interview and questionnaire data pointed in the same direction, for Proposition 2, the two types of data are not so clear cut.  The questionnaire data are very consistent with the proposition that the level of organizational knowledge creation will be higher during times of new product redesign than during the steady-state.  As predicted, the level of each of the four types of knowledge transfer is lower during the steady-state than during any of the other four product redesign periods.


The interview data (refer back to Table 1) seem to tell a somewhat different story.  In the steady state, respondents are generally more likely to mention interactions that described knowledge transfers than during the first four stages of the learning cycle.  More specifically, for eight of the ten items in Table 1, steady-state (T5) mentions of knowledge transfer were higher than the average frequencies of T1 through T4.  The only two exceptions were the categories “collaboration in design” and “inventor’s approach to design,” which interviewees mention more frequently during the period of product redesign than during the steady state. In the discussion section, we present some possible reasons for the differences in the interview and survey data.  

Nature of knowledge transfer in the steady-state (Proposition 3)

We speculated that the steady-state would be characterized by tacit error correction, as manifested by an emphasis on externalization and internalization.  As with the analysis of Proposition 2, the questionnaire data and the interview data seem to be telling us different things with regard to Proposition 3.  The questionnaire data in Table 2 show that in T5, as expected, externalization is the most prevalent of the four types of knowledge transfer; thus, emphasis in the steady state is on making tacit knowledge explicit.  However, contrary to our prediction, these data also show that combination is the second most prevalent form, and that internalization actually received the least emphasis.  Overall, in comparison to the T1-T4 findings, the profile of the steady-state looks most like T1 or T2 (externalization or combination).     



The interview data (Table 1) show that the steady-state has a high frequency of mention of issues like quality control (ranked #1), incorporating designs into records (#2), fabricated parts inventory (#3), and drawings, records, and systems (#4).  As might be expected, there was lower emphasis on collaboration in design (#10) and the Inventor’s approach to design (#9).  These data are consistent with an emphasis on internalization, but not on externalization.  Overall, in comparison to T1-T4 interview data, the steady-state most closely resembles T3 (combination and internalization).

In sum, the data in Tables 1 and 2 provide mixed support for Proposition 3.  The questionnaire data point to the importance of externalization (but not internalization), while the interview data point to the importance of internalization (but not externalization).  


Having said that, it is not difficult to find support in the interviews for the idea of tacit error correction activities in the steady-state.  In those interviews, we find obvious descriptions of how the organization detected errors in internalized learning. Even after full‑scale production had started, interviewees point to the need for fine-tuning and organizational (re)learning.  These problems are recognized as being cross‑functional, and requiring a holistic orientation that resided outside any individual employee.  The following quote is illustrative:

"(W)e have this problem in the fabrication side. They make holes for the bolts to go through.  They can never make it the right size so we have to drill these things out [in assembly]. It's a simple little thing ... It's been like that for a long time... The guy who cuts sheets of metal on the plasma [cutting machine] has never built a car so he doesn't have a clue where the parts go or what they do. So he just cuts it and cleans it up, and then it goes through a line.  Some of the guys will catch a few things because they've worked in assembly, but new guys who don't just do the part and it's wrong.  It just hasn't been checked.  It's a simple thing that could be checked every so many times, you know?  Like have a bolt that's supposed to go through there and just, the guy when he cuts it, just slide the bolt through every so many times and just check to see if it's still going through. Sometimes, a hole is closed, but that's because the guy doesn't know.  Like if we had, like in the past, some guys who built cars and then worked on the plasma or some other areas.  You could tell that they knew where those parts were going so they were actually checked.  Right now, those guys left so we have some new guys who just came in and started right away.  They don't know how the parts go together.  It's not like it's their fault but it's like they just don't know." (An Assembly employee)


Employees in the firm are quite aware of the dictum that mistakes that are being made by one person often need to be surfaced by others.  This awareness is no more acute than with the Inventor, who tends to frustrate others in the firm when he make changes without telling them; when these changes are ill-conceived, it is up to others to bring them to his attention.  They would prefer that his changes, often based on his tacit knowledge, first undergo explicit testing before being implemented.

“We’ve all decided that we are tired of the way that [the Inventor] was doing things.  He was just shooting from the hip and hoping that it worked.  Now we want to take more of an analytical approach to doing things so that we can decide as a group and not just one person.” (Office worker #1)

“A lot of times [the Inventor] has an idea.  He has it in his head, but he doesn’t really tell people what he’s up to. . . . So I end up having to get him to explain what’s going on.  Usually it’s just a lack of communication between his idea and the assembly part of it.  It always happens that when we take a rough measurement, and he will give it to me and I’ll make a part.  But the nice thing about working with a computer is that you can actually put parts together without actually making them.   So I can check and see whether it will fit on the computer, before I actually go and make the part.”  (Office worker #2)


Ironically, and tellingly, this frustration goes both ways.  The Inventor, who has a holistic view of the vehicle and understands how and why the separate pieces and processes fit together the way that they do, gets frustrated when others make changes without consulting him.

“He [the Inventor] doesn’t think too highly of all of us.  We’re building cars a certain way or whatever and he doesn’t think they should be done that way, they should be done his way all the time.  But we have a particular way because we’ve been building them for so long we have a particular way we want to put them together and he’s ‘Oh no, it’s the wrong way.’ Certain things he wants done a certain way, well fine, but building a car from the bottom, we’ve been doing it for so long . . .” (An Assembly worker)


All of these quotations paint a picture of tacit error correction not unlike that which we expected, but it is also true that the questionnaire data and the interview data are not entirely consistent.  We examine this issue further in the discussion section below.  

DISCUSSION

The data generated during this study were most consistent with Proposition 1, and less consistent with Propositions 2 and 3.  The knowledge creation process at our research site proceeded through the four phases identified by Nonaka:  socialization, externalization, combination, and internalization (Proposition 1).  In contrast to the interview data, the survey data suggest that intra-organizational knowledge flows are greater during product redesign than during the steady state (Proposition 2).  Finally, there was a lack of consistency in our data for the notion of tacit error correction (Proposition 3); the questionnaire data point to the importance of externalization (but not internalization), while the interview data point to the importance of internalization (but not externalization).  

The usual caveats about making generalizations based on a single study at an entrepreneurial research site apply to the research reported here.  However, a single case study—while insufficient for hypothesis testing—does provide an illustrative and empirically grounded basis for developing a richer understanding of organizational learning.  While much work remains to be done in order to refine and improve our understanding of the organizational learning phenomenon, we see four key implications flowing from this study.


First, our study provides general support for the integrationist perspective, that is, organizational learning begins with the cognitive processes of individuals and is enhanced by organizational processes.  Organizational learning therefore includes the learning that individuals do (the cognitive perspective), but it also transcends individuals (the cultural perspective).  Although each of the members of the organization contributed to learning how to build the vehicle described in this study, no one was able to do it on their own.  No one was more aware of this than the Inventor himself.  

At its core, the integrationist perspective suggests that virtually no one is indispensable (with the possible exception of the Inventor). This was nicely demonstrated when a master craftsman in fabrication was suddenly forced to quit due to health reasons.  Early on in the research project, both the President and the Inventor had told the researchers that this master craftsman was indispensable, but he was ably replaced by an apprentice who had only one month of training.  The quantity and quality of production was actually perceived to increase rather than to decrease under the apprentice, perhaps, in part, because the apprentice consulted extensively with assembly workers to ensure that the parts he was fabricating would fit properly during the assembly process.


Second, our data illustrate Nonaka’s four phases of knowledge creation.  The concepts of tacit and explicit knowledge are shown to be important, and our data illustrate how the relative emphasis on these two types of knowledge changed during the course of knowledge creation.  While there is evidence of each of the four types of knowledge transfer during each phase of the knowledge creation process, a particular type of knowledge transfer is prominent at each phase.  

This suggests several ideas for the development of organizational learning theory, particularly with regard to changes in the interplay between tacit and explicit knowledge exchanges.  Our findings point to the need for a richer understanding of the transition from one phase of the learning cycle to the next.  For example, can the knowledge creation process be “hurried,” perhaps by rushing the introduction of trigger events?.  Or is it better to view the four phase cycle as analogous to the stages in Greiner’s (1972) life cycle theory, where managers should be aware of the four phases of organizational learning, but they cannot do anything to pre-empt or avoid certain phases?  There is also a need to examine whether and how certain kinds of organizational structures and information systems facilitate the kinds of knowledge transfers that are required (Alavi and Leidner, 2001).  For example, when should there be an emphasis on face-to-face communication, and when should information be written down?  When is it important for people to be given opportunities to meet in groups, and when should they be left alone?   

It may be particularly important to better understand and nurture the first stage of this process.  Recent work by Dyck and his colleagues (2000, 2002) among non-governmental organizations suggests that when managers try to reduce operating costs by reducing the resources that permit socialization, long-term organizational learning and effectiveness is hampered.  Similar dangers are likely to befall managers in for-profit organizations, where an emphasis on meeting quarterly productivity and financial targets may cause the foundational phase of organizational learning (i.e., socialization)—which is largely invisible and difficult to quantify—to receive short shrift and/or to be underfunded.  


Third, the data also have implications for our understanding March’s (1991) ideas regarding exploration (i.e., the innovation process) and exploitation (i.e., tacit error correction in the steady state).  Crossan et al (1999) identify this as a key research question facing organizational theorists.  Specifically, insofar as T1 through T4 represent a time of exploration, and T5 represents a time of exploitation, the data suggest some interesting possibilities. The questionnaire data, for example, showed that there was much more knowledge flowing between employees during exploration than during exploitation, while the interview data showed more mentions of knowledge transfer during exploitation than during exploration.  While this may appear contradictory, the results actually make sense if we keep in mind the fact that there is a relatively high emphasis on tacit knowledge transfer during periods of exploration.  Since tacit knowledge is difficult to articulate, we should not be surprised if interviewees’ mentions of knowledge transfer are lower during periods of exploration.  This lack of mentions of knowledge transfer does not necessarily mean that little knowledge is flowing; rather, it may simply mean that employees are having difficulty articulating knowledge flows.    

The emphasis on combination during the steady-state (i.e., T5) that is evident in both data sets may be partly attributable to the fact that our indicators of tacit and explicit knowledge flows were not capturing just new knowledge creation, but also the ongoing transfer of existing knowledge.  Alavi and Leidner (2001) posit that, after the knowledge creation phase is complete (i.e., after Nonaka’s four phase cycle), we should expect to see an emphasis on individuals contributing explicit knowledge to a group’s storehouse of explicit knowledge; this is akin to a post-new-knowledge-creating variant of combination.  We should also expect to see individuals contributing tacit knowledge to a group’s storehouse of tacit knowledge; this is akin to a post-new-knowledge-creating variant of internalization.  

Alavi and Leidner (2001, p. 112) also speculate that once a group of organizational members has developed a shared knowledge space (i.e., once the steady-state has begun and the new model is in regular production), there will be less need to share tacit knowledge within the group.  This suggests that they would expect primary emphasis on a variant of combination (explicit-to-explicit knowledge transfer) and a secondary emphasis on a variant of internalization (tacit-to-tacit knowledge transfer).  As with the expectations regarding tacit error correction, our data lend mixed support to the Alavi and Leidner predictions.  

In any case, organizational learning during the steady state (T5) seems to be qualitatively different than learning during the four phases of exploration (T1-T4).  Just as change researchers differentiate between convergent change and transformational change (e.g., Dyck, 1997; Nadler and Tushman, 1990), so also organizational learning researchers may be advised to differentiate between equilibrium learning and innovation learning when developing organizational learning theories.  The notion of tacit error correction may be a helpful starting point.  

In particular, the data presented here suggest that two variants of “learning-by-doing” may be equally prevalent during the steady-state: one type cumulates knowledge, and the other type reflects tacit-error-correction.  Additional research is necessary to clarify the nature of these two variants, and to determine how or whether they change over time.  This suggestion builds on, and is consistent with, the research being called for by other scholars in the area (Nilsson, 1995; Cope and Watts, 2000).  Nilsson’s (1995) idea of “innovation-by-doing” is particularly relevant.          

Finally, this research makes a contribution at the methodological level.  We introduced relatively simple ways to observe tacit and explicit knowledge transfer, and demonstrated that these transfers of knowledge changed along the lines expected by mainstream organizational learning theory.  Our study may serve as a helpful starting point for the future development of  measures of tacit and explicit learning at the organizational level of analysis.  Even though there was a dominating personality in the organization (the Inventor), we were still able to observe broadly-based organizational knowledge creation.  We hope that others will be able to build on and refine these ideas and in so doing continue to move the discipline of organizational learning from theory-building to empirically informed theory-building and theory-testing.


NOTES

1.  
Although there is some debate in the literature about the usefulness of the tacit-explicit 

dichotomy (Acar and Burns, 2001), our purpose here is not to enter that debate.  Rather, this research examines Nonaka’s predictions about tacit and explicit knowledge during the knowledge creation process.  

2.  
Data from the sixth data collection point are not reported here because they did not correspond to any of the theoretical points of interest.

3.  
This allowed us to use a non-parametric statistical test as indicated by our sample size, however, because we did not use random sampling, and instead surveyed the entire population for our data set, any statistical testing may be seen as inappropriate by some.  Using a variation of the Chi-square test for independence, our findings for Proposition 1 were statistically significant (comparing the number of times findings were and were not consistent with the proposition).  Using a variation of the Friedman test, the results for Proposition 2 were also statistically significant (see Gibbons, 1976, pp. 324-332 for the Chi-square test and pp. 310-317 for the Friedman test). 
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TABLE 1:

Within period rank-ordering of topics mentioned during interviews 

	
	T1a
Soc(Ext
	T2

Ext(Comb
	T3

Comb(Int
	T4

Int(Soc
	Totalsb
(T1-T4)
	T5c
Steady State

	Collaboration in design
	1
(38%; n=50)
	2
(18%; n=24)
	9
(15%; n=20)
	8
(29%; n=38)
	N=132
	10
(20%; n=34)

	Quality and quality control
	2
(35%; n=7)
	4
(15%; n=3)
	3
(25%; n=5)
	10
(25%; n=5)
	N=20
	1
(69%; n=45)

	Inventor’s approach to design
	3
(34%; n=36)
	10
(5%; n=5)
	8
(15%; n=16)
	6
(46%; n=48)
	N=105
	9
(24%; n=34)

	Incorporating design into records
	10
(5%; n=1)
	1
(31%; n=4)
	4
(23%; n=3)
	7
(38%; n=5)
	N=13
	2
(50%; n=13)

	Fabrication of parts
	9

(11%; n=26)
	3
(16%; n=38)
	7

(17%; n=40)
	1
(57%; n=136)
	N=240
	6

(39%; n=151)

	Fabricated parts inventory
	8

(16%; n=10)
	8

(10%; n=6)
	2
(26%; n=16)
	5

(48%; n=29)
	N=61
	3
(47%; n=55)

	Procurement parts inventory
	4

(30%; n=16)
	9

(7%; n=4)
	1
(37%; n=20)
	9

(26%; n=14)
	N=54
	8

(26%; n=19)

	Assembly production volume
	6

(21%; n=21)
	7

(9%; n=9)
	6

(17%; n=17)
	2
(53%; n=54)
	N=101
	7

(37%; n=60)

	Drawings, records, and systems
	7

(20%; n=17)
	6

(9%; n=8)
	5

(21%; n=18)
	3

(51%; n=44)
	N=87
	4

(45%; n=70)

	Training employees
	5

(26%; n=41)
	5

(13%; n=20)
	10

(13%; n=21)
	4

(49%; n=78)
	N=160
	5

(44%; n=127)


a = Rank orderings for T1 through T4 are based on the percentage of a topic’s occurrences in each period vis a vis the total of all four periods. Ranks of 1, 2, and 3 are shown in bold. 

b = This refers to the total number of times each topic is mentioned in all of the interviews during the designated time period.

c = Ranks for T5 were calculated by adding the occurrences of each topic therein to the sum total of occurrences for periods T1 through T4, and then computing and rank ordering the resulting percentages.

Note: The response frequency of discussion topics by time period was analyzed for independence between topic and date using a Chi Square test; each topic was statistically significantly different across the five data collection points (p < 0.025).

TABLE 2: 

Rank order of importance of each of the four types of knowledge transfer

at the four trigger points

Type of  Knowledge

Expected

Actual

Proposition

Transfer


Emphasis

Rank

Supported?

---------------------------

------------

------

---------------

Time 1 (Trigger #1) 

Socialization


Relatively High
2

Yes

Externalization


Relatively High
1

Yes

Combination


Relatively Low
3

Yes

Internalization


Relatively Low
4

Yes

Time 2 (Trigger #2)

Socialization


Relatively Low
4

Yes

Externalization

Relatively High
2

Yes

Combination


Relatively High
1

Yes

Internalization


Relatively Low
3

Yes

Time 3 (Trigger #3)

Socialization


Relatively Low
4

Yes

Externalization

Relatively Low
3

Yes

Combination


Relatively High
1

Yes

Internalization


Relatively High
2

Yes

Time 4 (Trigger #4)

Socialization


Relatively High
2

Yes

Externalization

Relatively Low
4

Yes

Combination


Relatively Low
3

Yes

Internalization


Relatively High
1

Yes

Time 5 (Steady-State)

Socialization


Relatively Low
3

Yes

Externalization

Relatively High
1

Yes

Combination


Relatively Low
2

No

Internalization


Relatively High
4

No
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Nonaka’s four-phase cycle of organizational learning
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codified knowledge that is easily transferable among people (e.g., operating procedures, blueprints, computer programs)
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Sample quotes illustrating each of the four types of knowledge transfer
SOCIALIZATION



          EXTERNALIZATION
“… don't really listen to [the Inventor] very
|   “[The Inventor] will draw a little sketch, and

much about how to actually do your job 
|   then [I try to make it]...You try it and if it doesn't

because he has his own idea about how it 
|   fit, you make some adjustments and try it again.

should be done rather than how it's really 
|   [The Inventor] is the type of guy that has to see it.

done.  I find this especially on the assembly 
|   He can visualize it, but he has to see right there,

side.  They do it the way they know it's 
|   and then he'll make the adjustments later.”

going to work.  It's hard to say because you 
|   (A Fabrication employee)

don't really learn from one person; you kind 
|

of learn as you go.  Instead of working with 
|   “[The Inventor] has an uncanny ability.  He can

one person till you've got everything down, 
|   make a silk purse out of a sow's ear.  

you work around [emphasis added].”  
|   Unfortunately, like I said before, he's not very

(A Fabrication employee)


|   well-organized, so he doesn't write it down!  Stay 

|   on his heels.” (A Records employee)

___________________________________
|_________________________________________


INTERNALIZATION




COMBINATION
“But it just seems to me that all the opera-
|   “It's all those little things there when you're

tions putting together a vehicle, I just can't 
|   putting the car together.  One piece fits well all

see how that person could remember to 
|   the time, and then suddenly it's changed a little

check every last bolt, make sure it’s tight.  
|   bit, and then it doesn't fit properly.  And then

There are so many different things that 
|   you start running around.  You go up to the front:

you'll have to check.  So I think that that's 
|   ‘Well, what has changed in this piece?’

why there are a lot of things like loose bolts 
|   ‘Oh, nothing.  Oh ya, this has changed.’

and stuff that we just miss.” 


|   And that changes the whole thing.”

(A Records employee)


|   (An Assembly employee)
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Relative emphasis on Nonaka’s four types of knowledge transfer over time
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� Although there is some debate in the literature about the usefulness of the tacit-explicit dichotomy (Acar and Burns, 2001), our purpose here is not to enter that debate.  Rather, this research empirically examines Nonaka’s predictions about tacit and explicit knowledge during the knowledge creation process.  


� Data from the sixth data collection point are not reported here because they did not correspond to any of the theoretical points of interest.


� This allowed us to use a non-parametric statistical test indicated by our sample size (however, because we did not use random sampling, and instead surveyed the entire population for our data set, any statistical testing may be seen as inappropriate by some).  Using a variation of the Chi-square test for independence, our findings for Hypothesis 1 were statistically significant (comparing the number of times findings were and were not consistent with the hypothesis).  Using a variation of the Friedman test, the results for Hypothesis 2 were also statistically significant (see Gibbons, 1976, pp. 324-332 for the Chi-square test and pp. 310-317 for the Friedman test). 
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