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ABSTRACT: Prior research examines several knowledge management processes, con-
sidering each as universally appropriate. Instead, we propose that ihe context influ-
ences the suitability of a knowledge management process. We develop a contingency
framework, including two attributes of the organizational suhunit's tasks: process or
content orientation, and focused or broad domain, and links knowledge management
processes to them: intemalization for focused, process-oriented tasks: exlemalizaiion
for focused, con tent-oriented tasks: combination for broad, content-oriented tasks;
and socialization for broad, prcKess-oriented tasks. The empirical research was done
at the Kennedy Space Center (KSC). based on several interviews and survey data
from 159 individuals across 8 .subunits. The results supported the contingency frame-
work. All the knowledge management processes except externalization had a positive
impact in the expected cell. At the overall level, comhination and extemalization, hut
not intemaiization and socialization, affect knowledge satisfaction. Some irapUca-
tions for practice and research are identified.
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THE IMPACT OF EFFECTIVE KNOWLEDGE MANAGEMENT (KM) on business performance
is well recognized [1,7,9,18, 38,40, 50, 54]. The widely held helief that the richest
resource of today's organizations is the knowledge residing individually and collec-
tively among their employees reflects the importance of processes for promoting the
creation, sharing, and leveraging of knowledge [9, 12, 13, 22, 33]. A variety of tools
and methodologies for this purpose have been recommended [e.g., 10, 17], and some
overall knowledge management processes have been examined [e.g., 13, 18]. How-
ever, these tools, methodologies, and processes have implicitly been considered uni-
versally appropriate. This paper makes a fundamental departure from this assumption
by proposing that the effectiveness of a knowledge management process is influ-
enced by the particular context in which the knowledge is being used. More specifi-
cally, the paper addresses the following questions:

1. Do the knowledge managetnent processes impact knowledge effectiveness?
2. Does their effect on knowledge management effectiveness vary depending on

(a) whether the tasks performed using that knowledge are focused or broad in
nature and (b) whether these tasks focus on "what to do?" or on "how to do it?"

This paper pursues these objectives based on an empirical investigation of one of
the best-known know ledge-based organizations: the National Aeronautics and Space
Administration (NASA). Specifically, the study was conducted at NASA's John F.
Kennedy Space Center (KSC). KSC is responsible for the checkout, launch, and landing
of the space shuttle and its payloads. The starting point for all U.S. human space
flights, KSC is considered a world leader in processing and launching spacecraft Chat
have explored and studied the earth, the moon, and planets in our solar system.

The paper is organized as follows. The following section develops the theoretical
arguments leading to the research hypotheses examined in this study. The next sec-
tion descrihes the methods used and the results of the study. Finally, the last section
identifies some of the limitations of the study and examines its implications for both
research and practice.

Theoretical Development

The Nature of Ktiowledge

KNOWLEDGE HAS BEEN DEFINED as "justified true belief 133, p. 21J. More specifi-
cally, definitions of organizational knowledge range from "complex, accumulated
expertise that resides in individuals and is partly or largely inexpressible" to "much
more structured and explicit content" 110. p. 70].

The types of organizational knowledge are reflected in several classification schemes.
For example, Venzin et al. [48] identify a number of categories of knowledge—in-
cluding tacit, embodied, encoded, embrained. embedded, event, and procedural. Kogut
and Zander [23| distinguish between "information" and "know-how" as two types of
knowledge, viewing them as "^what something means" and "knowing how to do some-
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thing" [23, p. 386, emphasis in original]. They also identify the parallel distinction
|41] between declarative knowledge (facts) and procedural knowledge (how to ride a
bicycle). Another classification of knowledge views it as tacit or explicit [e.g., 37|.
Explicit knowledge can be expressed in numbers and words and shared formally and
systematically in the form of data, specifications, manuals, and the like. In contra.st,
tacit knowledge—which includes insights, intuitions, and hunches—is difficult to
express and formalize, and therefore difficult to share.

The Management of Knowledge

Effective knowledge management is considered key to the success of contemporary
organizations. Indeed, some authors view organizations as distributed knowledge sys-
tems |461. streams of knowledge [e.g.. 51 ], and systems of distributed cognition [4,
53], wherein individuals act autonomously while understanding their interdependence
with others. Weick and Roberts [531 use the term collective mindralher than organiza-
tional mind to highlight that organizations consist of individuals who coordinate their
actions with each other. They define collective mind as a set of heedful interrelation-
ships rather than a repository of knowledge. They also contend that the collective
mind does not exist outside of human action and that it is these actions that generate
the mind rather than vice versa: "We conceptualize mind as action that constructs
mental processes rather than as mental processes that construct action" 153, p. 374].

The organization then serves as a know ledge-integrating institution, integrating the
knowledge of many different individuals and groups in the process of producing goods
and services [17, 21, 23, 31]. Knowledge integration may occur in organizations
through organizational routines [30], direction [7], or processes involving the sharing
of explicit or implicit knowledge 116]. The focus of this paper is on the last aspect,
that is, knowledge management processes facilitating the sharing of explicit or im-
plicit knowledge in organizations.

Explicit knowledge can be shared through various communication media, hut that is
not possible in the case of tacit knowledge. Tacit knowledge can sometimes be com-
municated through the establishment of shared understanding between individuals
[37]. In other circumstances, tacit knowledge needs to be converted into an explicit
form, and such conversion typically involves substantial knowledge loss. Focusing on
the ways in which knowledge is shared through the interaction between tacit and ex-
plicit knowledge, Nonaka |31] identifies four possible modes: socialization,
extemalization, intemaiization, and combination.

Socialization is the sharing of tacit knowledge between individuals, usually through
joint activities rather than written or verhal instructions 131]. For example, by transfer-
ring ideas and images, apprenticeships allow newcomers to see the way others think.
Knowledge is produced in a group setting not only through mere acquisition of the
individuals' knowledge, but also through the sharing of common understanding [14].
Social processes play an important role in the transition of knowledge across individu-
als or groups [20,52,53]. For example, one interviewee from the Engineering director-
ate remarked: "Each engineer had a mentor who would transfer his knowledge to the
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younger engineer. This was a remarkably successful program. The engineers would tell
ihem all the stories, for example, about Apollo. Tlie o]d Apollo engineers were assigned
as mentors. But now we arc losing people, so how will we capture knowledge?"

Extemalization involves the expression of tacit knowledge and its conversion into
comprehensible fonns that are easier to understand. Conventional leaming method-
ologies require the extemalization of the professor's knowledge as the initial step in
the student's leaming process [39]. Moreover, extemalization involves techniques
that help to express ideas or images as words, concepts, visuals, or figurative lan-
guage (e.g., metaphors, analogies, and narratives), and deductive/inductive reasoning
or creative inference [31, 32, 33|.

Intemaiization is the conversion of explicit knowledge into the organization's tacit
knowledge. This requires the individual to identify the knowledge relevant to oneself
within the organization's explicit knowledge. In intemaiization processes, the ex-
plicit knowledge may be embodied in action and practice, so that the individual ac-
quiring the knowledge can reexperience what others go through. Alternatively,
individuals could acquire tacit knowledge in virtual situations, either vicariously by
reading or listening to others' stories, or experientiaUy through simulations or experi-
ments. Learning by doing, on-the-job training, learning by observation, and face-to-
face meetings are some of the intemaiization processes by which individuals acquire
knowledge [31, 33],

Combination involves the conversion of explicit knowledge into more complex
sets of explicit knowledge [31]. Focusing on communication, diffusion, integration,
and systemization of knowledge, combination contrihutes to knowledge at the group
level as well as at the organizational level [33J. Innovative organizations seek to de-
velop new concepts that are created, justified, and modeled at the organizational, and
sometimes interorganizational, level. Moreover, complex organizational processes
require Ihe cooperation of various groups within the organization, and combination
supports these processes hy aggregating technologies and knowledge [31].

All of the aforementioned processes facilitate knowledge management [33]. Each
process is expected to enhance the effectiveness of knowledge management by pro-
viding individuals and groups in organizations with the knowledge needed to per-
form their tasks. Moreover, our focus in this study is on perceived knowledge
satisfaction rather than an objective measure of knowledge effectiveness. We there-
fore propose the following:

HI: Intemaiization process is positively associated with perceived knowledge
satisfaction,

H2: Extemalization process is positively associated with perceived knowledge
satisfaction.

H3: Combination process is positively associated with perceived knowledge sat-
isfaction.

H4: Socialization process is positively associated with perceived knowledge sat-
isfaction.
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The Moderating Effects of Task Characteristics

This paper departs from prior research on knowledge management by arguing that
the effectiveness of a knowledge tnanagement process depends on the circumstances
under which it is used. In other words, instead of following the universalistic view
that all four knowledge tnanagement processes are always effective, it takes a contin-
gency theoretic view, suggesting that the impact of a knowledge management proeess
is moderated by the context in which the knowledge is being used. The focus is on
one specific aspect of the context, namely the nature of the tasks performed by the
individuals and groups using the knowledge resulting from the knowledge manage-
ment processes. Figure 1 summarizes the overall contingency model applied in the
research study.

The underlying argument here is that the knowledge management process that a
subunit should use depends on the nature of tasks it performs. This involves viewing
each subunit at the aggregate level based on the predominant nature of its tasks, while
recognizing that eaeh subunit performs numerous tasks that are not all similar. This
approaeh enables the development of mid-range theories at the subunit level, instead
of the extreme approaches of viewing the entire organization as one or considering
each task individually. Furthermore, this approaeh has considerable support in prior
literature. For example. Van de Ven and Delbecq [47] offered a eontingency view of
the relationship between subunit tasks and organization structure, suggesting that the
structure appropriate for a subunit depends on task difficulty (or the problems in
analyzing the work and stating performance procedures) and task variability (or the
variety of problems encountered in the tasks). Lawrence and Lorsch [25] also fo-
cused on a task characteristic—task uncertainty—at the subunit level and fotind sub-
units that perform certain, predictable tasks to be more effective when they were
fonnally stmctured. Thus, a number of task characteristics have been studied at the
level of organizational subunits. Two task characteristics are examined in this study
as influencing the appropriate knowledge management processes, that is, task orien-
tation and task domain. We argue that these task dimensions require different types of
organizational knowledge, which in tum implies that different knowledge manage-
ment processes would be appropriate [43].

Task Orientation. Recent research in the field of strategic management and orga-
nization theory has focused on the concept of task orientation for differentiating fimis
and organizational subunits within the fimi [36]. Based on task orientation, organiza-
tional subunits have been classified into two basic categories: process-oriented and
content-oriented. Content-oriented tasks focus on the specific ends or goals to be
achieved. They coneem issues such as what products need to be developed and the
specific design features that need to be achieved in the products. In contrzst, process-
oriented tasks focus on the processes or means that should be used to attain the goals.
They eoncem issues such as how to perform the processes needed to achieve the
specific product design.

Content-oriented tasks rely upon "know-what" [23] or declarative knowledge [41 ].
In contrast, process-oriented tasks rely on "know-how" [23] or procedural knowledge
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Figure I. The Basic Research Model

[41]. Moreover, "know-what" and "know-how" have been associated with explicit
and tacit types of knowledge, respectively. For example. Grant states: "1 identify know-
ing how with tacit knowledge, and knowing about facts and theories with explicit
knowledge" [17. p. 111].

Therefore, content-oriented tasks are more likely to benefit from extemalization
and combination, both of which result in explicit knowledge. In contrast, process-
oriented tasks are more likely to benefit from socialization and intemaiization, which
produce taeit knowledge.

Task Domain. This dimension distinguishes between focused and broad task do-
mains, which are retlected in the material-based and system-based industries, respec-
tively, discussed by Kusonaki et al. [24]. Subunits performing focused tasks have low
task variability but greater specialization, while subunits performing broad tasks have
greater task variability and greater need for working with other subunits within the
organization |47].

Performing tasks that are focused in domain primarily requires the knowledge di-
rectly available to the individuals within the subunit. These tasks rely mainly on distinc-
tive units of knowledge, such as "functional knowledge embodied in a specific group of
engineers, elemental technologies, information processing devices, databases, and pat-
ents" [24]. They often require deep knowledge in a particular area [36]. or knowledge
that is high in specificity [6]. With inlemalization (such as when individuals acquire
knowledge by observing or by talking to others), as well as with extemalization (such
as when they try to model their knowledge into analogies, metaphors, or problem-
solving systems), the leaming processes are personal and individualized [27]. Through
extemalization, the individual makes the knowledge more agreeable and understand-
able to others in the group, while through intemaiization the individual absorbs knowl-
edge held by others in the group [28. 48]. Intemaiization and extemalization are thus
fundamental to knowledge management in a focused task domain.

Performing tasks that are broad in domain relies mainly on dynamic interaction in
which individual units of knowledge are combined and transformed through commu-
nication and coordination across different functional groups 124], The complexity of
such broad-scale integration creates greater causal ambiguity, since knowledge is be-
ing integrated across multiple groups that may not have a high level of common
knowledge [17]. As Nahapiet and Ghoshal suggest, "Significant progress in the ere-
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ation of intelleetual capital often occurs by bringing together knowledge from dis-
parate sources and disciplines" [29, p. 252]. Socialization and combination pro-
cesses, both of which help integrate prior knowledge to create new knowledge [31 ],
are therefore appropriate for broad task domain [17]. When the areas of knowledge
being integrated are explicit, combination can help produce new explicit knowl-
edge, whereas when the areas of knowledge being integrated are tacit, socialization
processes are more appropriate.

Thus, extemalization and intemaiization processes seem suitable for focused task
domain, while combination and socialization processes seem appropriate for broad
task domain. Moreover, extemalization and combination processes seem appropriate
for content-oriented tasks, whereas intemaiization and socialization processes seem
suitable for broad process-oriented tasks. To understand the implications for the ef-
fectiveness of knowledge management processes, it is useful to combine the above
task attributes, as shown in the matrix in Figure 2, which summarizes our expecta-
tions eoneeming the task attributes for which each of the four knowledge manage-
ment processes would be most appropriate.

In organizational subunits performing tasks with a process orientation and a fo-
cused domain (Figure 2, Cell 1), innovative capability at the individual level would
be of the greatest value. Intemaiization processes, enabling individuals to aequire
tacit knowledge from explicit knowledge available to others, would be most useful.
According to Choo, "Organizations remember by doing, and action and decision rou-
tines beeome part of the organization's procedural memory" [5, p. 12]. The relevance
of intemaiization for focused, proeess-oriented tasks is also inherent in organiza-
tional routines discussed by Grant:

Within our knowledge-based view,.. . individuals develop sequential pattems
of interaction which pemiit the integration of their specialized knowledge . . .
This coordination relies heavily upon informal procedures in the fomi of com-
monly-understood roles and interactions established through training and con-
stant repetition. [16, p. 379]

A senior employee at the Intemational Space Station Hardware Integration Office
also seemed to agree: "There is some knowledge that comes from experience, and
this knowledge does not get written down, so sometimes to capture this knowledge
we would have someone training another person." We therefore propose the follow-
ing contingency hypothesis.

H5: Compared to other organizational subunits, intemaiization process has a
greater affect on perceived knowledge satisfaction in organizational subunits
performing focused, process-oriented tasks.

In organizational subunits performing focused, content-oriented tasks (Figure 2,
Cell 2). explicit, objectified knowledge, or "conscious knowledge" [43] is needed
rather than tacit or "automatic knowledge" [43]. It is therefore essential to convert the
employees' taeit knowledge into an explicit form, so that other individuals within the
subunit can also utilize it to address similar problems [ 16]. Extemalization through, for
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Content
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Figure 2. Expected Appropriateness of Knowledge Management Processes

example, models, prototypes, decision support systems that capture individuals' tacit
knowledge [31] would therefore play a critical roie in such organizational subunits.

H6: Compared to other organizational subunits. extemalization process has a
greater affect on perceived knowledge satisfaction in organizatiotial suhunits
performing focttsed, content-oriented tasks.

In subunits performing broad, content-oriented tasks (Figure 2, Cell 3), the need to
share "know-what," or more explicit knowledge across large number of individuals
and groups may be best addressed by combination processes. Under these circum-
stances, it is important to extend existing capabilities to encompass additional types of
explicit knowledge and reconfigure existing knowledge into new types of capability.
There isconsequently greater emphasis on "architectural knowledge" [11] or the inte-
gration of knowledge across disciplinary and organizational boundaries. This can be
be.st achieved through combination, which helps integrate explicit knowledge of indi-
viduals and produce knowledge that transcends multiple groups [32]. For example,
repositories of information, best practices, and lessons leamed can help an organiza-
tional subunit obtain explicit knowledge from other parts of the organization [ 10,45].

H7: Compared to other organizational subunits, combination process has a greater
effect on perceived knowledge satisfaction in organizational subunits perform-
ing broad, content-oriented tasks.

Finally, organizational subunits performing broad, process-oriented tasks (Figure
2, Cell 4) need to integrate multiple streams of knowledge. This limits the possibility
of common knowledge, especially since the need here is for "know-how'" and tacit
knowledge acquired through personal experience [7]. Moreover, tacit knowledge is
often difficult to transfer or "sticky" [49]. Sharing it requires a "common perspec-
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tive," which ean only be obtained through socialization [31], There is also evidence
that socialization enables using weak ties to help bridge across a diverse pool of
people [8]. In a study of two new biotechnology firms, Liebeskind and colleagues
foimd that "social networks contributed to the integration of knowledge" [26, p. 439,
emphasis in original].

H8: Compared to other organizational subunits, socialization process has a
greater affect on perceived knowledge satisfaction in organizational subunits
perfonning broad, process-oriented tasks.

Figure 3 presents the detailed research hypotheses, showing the universalistic hy-
potheses (HI through H4) concerning the effects of the knowledge management
processes on perceived knowledge satisfaction, as well as the eontingency hypoth-
eses (H5 through H8) concerning the way in which these effects are moderated by the
two task characteristics.

The Empirical Study

THE EMPIRICAL STUDY WAS CONDUCTED IN TWO MAJOR PHASES. Phase 1 involved
a qualitative investigation to understand the tasks performed and knowledge used at
various directorates of KSC. This study was conducted in early 1998 and a report was
submitted to KSC in August 1998. Phase 2 involved the use of quantitative question-
naire data to test the research hypotheses. This survey was administered at KSC in
May 1999. Some key assumptions underlying the analysis in Phase 2 were later vali-
dated in two interviews, conducted as a part of a three-day visit to KSC in October
2000. The next two subsections describe the methods and results from the two Phases
in detail.

Qualitative Investigation

Methods. This phase was intended to identify the important knowledge areas for
KSC and the knowledge management processes that are currently being used. For
this purpose, a series of group interviews were conducted. These interviews, con-
ducted between February and April 1998, obtained inputs from 61 individuals at vari-
ous levels in 9 groups: Administration Office (8 individuals). International Space
Station Hardware Integration Otfice (3 individuals), Biomedical Office (4 individu-
als). Shuttle Processing Directorate (12 individuals), Payload Processing Directorate
(14 individuals). Engineering Development Directorate (8 individuals). Safety and
Mission Assurance Directorate (6 individuals). Public Affairs Office (4 individuals),
and KSC's Chief Information Office (2 individuals).

Prior to the interviews, the interviewees received a package designed to familiarize
them with knowledge management within their subunit. They were asked to review
the material in preparation for the upcoming meeting and to reflect upon the follow-
ing topics:
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Intemaiization HI Focused knowledge +
proeess orientation

H5
Extemalization

Focused knowledge +
content orientation

Broad knowledge +
content orientation
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Management
Satisfaction

Broad knowledge +
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Figure 3. Detailed Research Model

1. What is the role of this direetorate/office? What kinds of tasks are performed
here?

2. Who/what do you consider to be the best source(s) of knowledge within your
organization?

3. Why is this knowledge so important?
4. Who/what uses this knowledge?
5. What knowledge is either created or absorbed iii such areas as Product Devel-

opment, Research and Development, Marketing, and so on.
6. For each of the above areas, what source of knowledge is used?
7. How is this knowledge captured? Disseminated? Accessed?
8. For each of the above areas, who/what uses this knowledge? How do they

access this knowledge?

During each interview, three broad steps were followed. First, the specific types of
knowledge and their internal or external sources and uses were identified. Next, we
identified the particular KM needs for each group. Finally, the interviews were used
to identify the tools currently used and to brainstorm possible enhancements in knowl-
edge management.

Following the completion of the interviews, both authors examined the notes and
transcripts to prepare for the next phase. A detailed report was written and submitted
to KSC.

Results. Table I summarizes the functional descriptions of eaeh of the eight orga-
nizational subunits at KSC that participated in the second phase of the study. The
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qualitative data was used to examine these subunits in terms of task orientation and
task domain. The two authors did this independently. When they later discussed
their conclusions, they found no disagreement.

Based on the analysis of the subunits in terms of task orientation and using the
descriptions of process and content task orientation provided by Pisano [36], Engi-
neering Development and Shuttle Processing Directorates and the International Space
Station Hardware Integration Office were clearly viewed as process-oriented. These
subunits' responsibilities center around engineering, applied research and develop-
ment, and engineering management. The Biomedical Office was also considered as
process-oriented, since its functional responsibility centers around experimentation
and scientific analysis. In contrast, the other subunits (including the Safety and Mis-
sion Assurance and Payload Processing Directorates and the Public Affairs and Ad-
ministration offices) were believed to focus more on "what to do" kind of issues and
were therefore classified as content-oriented. The last column of Table 1 summarizes
some of the rationale for the way we classified each subunit.

Next, the subunits were characterized on the basis of task domain, using the defini-
tions for focused and broad domains. The Intemational Space Station Hardware Inte-
gration Office, the Shuttle Processing Directorate, and the Safety and Mission
Assurance Directorate were considered to perform a limited number of complicated
tasks, requiring highly specialized and deep knowledge that is local to them, and
were therefore classified as focused in task domain. In contrast, the organizational
subunits at KSC that perform a greater variety of dissimilar tasks, requiring consider-
able interactions with the other subunits, were classified as being broad in knowledge
domain. They included the Biomedical, Administration, and Public Affairs offices,
and the Engineering Development and Payload Processing Directorates.

Thus, based on the insights from the qualitative study and the theoretical expecta-
tions, the organizational subunits at KSC were placed in the two-dimensional matrix
involving task orientation and task domain as shown in Figure 4. These classifica-
tions were later used in the quantitative part of the study. However, in order to further
establish the validity of our classification of the KSC subunits into the four cells, we
conducted two detailed interviews on this aspect during a visit to KSC in October
2000.' During the first interview, we spoke to one executive at KSC for about an hour
and a half and asked her to classify the eight subunits first based on the content/
process dimension and then based on the focused/broad dimension. Later, we met
with another executive of KSC for three and a half hours. In this meeting, we went
over the paper with her, explaining the four-cell matrix in quite some detail. We then
requested her to examine our mapping of the eight subunits into the four cells. We
discussed each subunit in some detail. There were some concerns about the Adminis-
tration Office, as the first interviewee classified it in Cell 4 (unlike our perception of
it belonging in Cell 3), whereas the second interviewee classified it in Cell 1. There-
fore, we decided to exclude the Administration Office from the analysis for testing
the hypotheses. However, based on the two interviews, and especially the second one,
which was very detailed, we feel quite confident about the mapping of the other seven
subunits. After developing a good understanding of the four-cell matrix, the second
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Content

M

Process

• Safety and Mission Assurance
Directorate

Cell 2

• Shuttle Processing Directorate
• Intemational Space Station

Hardware Integration Office

C e U l

. Public Affairs Office
• Payload Processing Directorate

Cell 3

• Biomedical Office
' Engineering Development

Direcorate

CcU4

Focused Broad

Task Domain

Figure 4. Organizational Subunits at the Kennedy Space Center. The placement of the
directorates and offices in this matrix was determined based on Phase I (i.e., the qualitative
study) and was later validated during two detailed interviews in October 2000. Based on these
interviews, one office Administration, which was mapped by the authors as belonging to Cell
3, was dropped from further analysis due to ambiguity about its mapping on this matrix.

interviewee strongly agreed with our classification of these seven subunits. Table 1
summarizes the rationale underlying the classification of each subunit.

Questionnaire Survey

Methods

Questionnaire development and administration. Based on the prior literature on
knowledge management and the findings of the first phase, we developed a question-
naire to empirically test the research hypotheses. Feedback on the initial question-
naire was obtained from three employees of KSC's Chief Information Officer's (CIO)
office (this group was not used for the actual survey). Minor modifications were made
based on the suggestions received.

KSC's Administration Office helped conduct the survey at eight KSC subunits. We
provided 250 questionnaires to the secretary in the Administration Office, with the
number of questionnaires per group varying from 20 for small groups to 40 for the
large ones. Following a discussion between the Deputy Center Director and the
various Administrative Officers, 200 questionnaires were distributed to potential
respondents. Table 2 provides the number of questionnaires distributed as well as the
number of responses received in each group. A letter from the Deputy Center Director
accompanied the surveys, which helped to increase the response rate. A total of 159
completed surveys was received, representing a 79.5 percent response rate.^ The
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Table 2. Some Characteristics of the Sample

Directorate or Office"
Number of

Respondents

Number of
Surveys

Distributed

Administration Office^
Space Station Hardware Integration Office
Biomedical Office
Shuttle Processing Directorate
Payioad Processing Directorate
Engineering Development Directorate
Safety and Mission Assurance Directorate
Public Affairs Office

Respondent Characteristics

12
22
15
14
38
28
24
6

Mean

1. Director of a Directorate
2. Deputy Director of a Directorate
3. Chief, Ground Systems Division
4. Personal Management Specialist
5. Systems Engineer
Missing

Total

1
18
43
77
14
6

159

15
25
20
20
40
35
30
15

Standard
Deviation

Total experience at KSC 15.35 6.93
Number of directorates or offices previously served in 1.20 1.17

Hierarchical Level Frequency Percent

0.6
11.3
27.0
48.4
8.8
3.8

100

• These directorates and offices existed at the time of the survey (early 1999). Tbey were later
affected by the KSC 2000 reorgatiizalion in 2000. I
'' Data from the Administration Office was not used to test the hypothesis due to some ambigwity
in mapping it on ihe task matrix, as discussed in the papei\

response rates differed across groups, being the lowest at Public Affairs and the high-
est at Payload Processing. However, the overall differences across groups were not
significant (^ = 4.66, degrees of freedom = 7, not significant at the O.IO level).

Table 2 also summarizes other characteristics of the sample. The respondents were
generally quite experienced (average experience of 15.35 years). They usually worked
in one or more other groups at KSC prior to joining their current group, which may be
expected to increase their awareness of knowledge management in areas of KSC
beyond their current group. Sixty-two of the respondents were very senior, being at
the level of a Director, Deputy Director, or a Chief of a Division, while the remaining
9! respondents who identified their levels were at lower to middle management lev-
els. Overall, the sample of respondents seems to be quite diverse, representing vari-
ous hierarchical levels, experiences, and groups.
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Measures. Phase 1 of the study led to the identification of 37 knowledge manage-
ment tools currently used at KSC. These tools, along with some additional tools that
were not mentioned in the interviews but have been highlighted in the literature 110,
35], were used to prepare a list of tools. These were examined by the two authors for
possible overlaps. We tried to identify a number of tools that support each knowledge
management process and also decided to limit the number of tools to 25 to prevent
the questiormaire from becoming excessively demanding. A question (on a five-point
scale) was included to evaluate the use of each of these tools. Exploratory factor
analysis found 6 items to load on multiple dimensions.^ The remaining 19 items pro-
duced 4 factors, each with the expected set of items. The reliabilities of the measures
for intemaiization, extemalization, combination, and socialization processes are 0.74,
0.85,0.80, and 0.66, respectively. Table 3 provides some illustrative remarks from the
literature supporting the use of items used to measure each knowledge management
process.

Confirmatory factor analyses were then conducted using LISREL 7.20 to assess the
overall measurement models involving the 19 indicators of knowledge management
processes. Appendix A provides the resultsof this analysis. We first tested the uncon-
strained model, with each item loading only on the process it was intended to mea-
sure and with the correlations among the four latent constructs made free. As shown
in the bottom frame of Appendix A, this model peribrmed satisfactorily, with a x '̂'d.f.
ratio of 0.99, a p-value of 0.514, Goodness of Fit Index (GFI) and Normed Fit Index
(NFI) exceeding 0.90,^ the Adjusted Goodness of Fit Index (AGFI, which adjusts GFI
for degrees of freedom) of 0.88, and a root mean square residual (RMSR) of 0.056.
To examine the discriminant validity of the four knowledge management processes,
we examine seven altemative constrained models. For each altemative model, chi-
square differences from the unconstrained model were examined to evaluate discrimi-
nant validities [2]. The first six models combined a pair of latent constmcts, while
leaving the remaining two constructs separate. The last model combined all four la-
tent constructs. All these models produced large and significant (p < 0.001) increases
in x̂ , indicating that the four processes should be considered distinct. The 19 items
measuring these processes are given in the top frame of Appendix A along with their
loadings on the corresponding processes. All the X's are large and significant (p <
0.001), providing further support to the measures. Thus, careful consideration of prior
literature, followed by a series of statistical tests including exploratory factor analy-
sis, reliabilities, and comparative confirmatory factor analyses, led to the develop-
ment of theoretically and psychometrically strong measurement scales for the four
knowledge management processes [15j.

Eleven questions were used to measure perceived knowledge satisfaction. Explor-
atory factor analysis provided strong support for this measure, which was further
validated by a reliability of 0.92. Appendix B provides further details about this mea-
sure, including \he 11 items.

Results. Table 4 gives the means, standard deviations, reliabilities (standardized
Cronbach alphas), and zero-order correlations among the research variables. Three con-
trol variables—the number of directorates and offices the respondent had previously
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worked in, the seniority of the respondent, and the respondent's experience (in years)—
were used in the study and are included in this table.

It may be noted from Table 4 that KSC makes considerable use of intemaiization
(mean of 4.13, with all means mentioned in this paragraph being on a five-point
scale) but little use of extemalization (mean of 1.94). Combination and socialization
arc both used to a moderate extent with means of 3.24 and 2.70., respectively. Per-
ceived knowledge satisfaction is also moderate with a mean of 3.13. With the excep-
tion of the correlation between extemalization and intemaiization, all the correlations
among the four knowledge management processes are statistically significant (p <
0.001). Moreover, all four knowledge management processes have statistically sig-
nificant correlations (p <0.001) with perceived knowledge satisfaction.

To test the hypotheses, we used hierarchical regression analysis with the perceived
knowledge satisfaction as the dependent variable. We first examined the relationships
in the entire sample. The three control variables were entered first, followed by the
main effects of the four knowledge management processes (testing Hypotheses I through
4), and then the interaction terms corresponding to Hypotheses 5 through 8. This proce-
dure eliminated the main effect of each knowledge management process prior to our
examining the interaction effects [44]. Moreover, entering all the interaction terms si-
multaneously controls for possible multicollineadty among the variables. Evidence of
moderation is present when the interaction terms account for significant residual vari-
ance in the dependent variable. Therefore, the changes in R^and the F-statistic were
examined for each step. Throughout our analysis, we paid attention to the standardized
beta coefficients if the F-statistic for that hierarchical step was significant (p<0.10).'

As shown in Table 5, the control variables, when entered as a set in Step 1, do not
explain a statistically significant (at p < 0.10 level) proportion of the variance in per-
ceived knowledge satisfaction. The four knowledge management processes, entered
in Step 2, do produce a significant (p < 0.001) increase of 0.365 in R-. All four knowl-
edge management processes have significant standardized betas in this step at p <
0.05 or better.

When the interaction terms are introduced in Step 3, a significant (p < 0.10) in-
crease in R- results. As expected, some changes occur in the standardized betas of
control variables and the main effects of the knowledge management processes. More
senior (p < 0.05) and less experienced (p < 0.05) respondents apparently have lower
perceived knowledge satisfaction. Moreover, extemalization and combination con-
tinue to have a significant (p < 0.05) positive effect, providing support for hypotheses
H2 and H3, respectively. However, intemaiization and socialization no longer signifi-
cantiy affect perceived knowledge satisfaction, and hypotheses HI and H4, respec-
tively, are thus not supported. The interaction terms involving inlemalization (p <
0.05), combination (p < 0.05), and socialization (p < 0.10) arc also significant, pro-
viding support for hypotheses H5, H7, and H8, respectively. But hypothesis H6, eon-
eeming the greater impact of extemalization in Cell 2, is not supported.

The hypotheses were further tested through regressions within each of the four
cells. As may be seen from Table 6, which summarizes the results, the control vari-
ables did not explain a significant portion of the variance in perceived knowledge
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Table 5. The Overall Effects of Knowledge Management Processes

Control Variables"
No. of previous directorates
Seniority
Experience

Knowledge Management Processes
Intemaiization
Extemalization
Combination
Socialization

Interaction Effects
Intemaiization X Dummy (or Cell 1
Extemalization X Dummy for Cell 2
Combination X Dummy for Cell 3
Socialization X Dummy for Cell 4

Equation

R̂
A F

F
n

Step 1

-0.06
-0.10

0.16-

0.026
0.026
1.12
1.12

Step 2

-0.09
-0.12*
0.14"

0.15*
0.18'
0.34"-
0.15*

0.365
0.391

18.16"*
11.12-*

129

Step 3

-0.06
-0.14-

0.14*

0.07
0.20'
0.24*
0.07

0.37*
0.17
0.48*
0.33*

0.036
0.432
2.27'
8.20"'

Based on multiple linear regressions. The variables were entered in the order shown, from Step 1
to Step 3.

These resulls are produced while excluding Ihe data from the Administration Office. However.
Ihe iwo authors had mapped the Administralion Otfice on Cell 3. and the results consistent with
the above were obtained when the analysis was repeated with the responses from the Administra-
tion Ottlce being included in Cell 3.

" The standardized betas are given for each variable included in each step. Significance levels are
indicated as follows: *** p < 0.001. ** p < 0.01, * p < 0.05. # p < O . i a

satisfactioti in Step 1 in any of the four cells. The four knowledge management pro-
cesses, on the other hand, explain a significant proportion of the variance in perceived
knowledge satisfaction in Step 2 in three of the four cells (all except Cell 2, i.e.,
focused, content-oriented tasks, therehy indicating a lack of support for H6). In each
of these three cells, the hypothesized knowledge managetnent process had a signifi-
cant effect—intemaiization in Cell 1 (p < 0.05), supporting hypothesis H5; comhina-
tion in Cell 3 (p < O.OI), supporting hypothesis H7; and socialization in Cell 4 (p <
0.05), supporting hypothesis H8. These results for hypotheses H5 through H8 (in-
cluding the lack of support for H6) are consistent wilh those reported above, hased on
interaction terms in regressions in the entire sample. Moreover, outside of
extemalization having a significant effect (p < 0.10) in Cell 1, none of the knowledge
management processes significantly affects perceived knowledge satisfaction in a
cell other than the one they were expected to impact. Thus, there is strong support for
the contingency framework suggested in this paper for the appropriateness of the four
knowledge management processes.
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Conclusions and Discussion

THIS PAPER BEGAN WITH TWO SIMPLE QUESTIONS: (1) How does the use of knowl-
edge management processes affect knowledge management effectiveness? and (2)
How does the etTectiveness of these processes change depending on the tasks per-
fornied within the organizational subunit? To address these questions, we drew upon
Nonaka's [31] intemaiization, extemalization, combination, and socialization pro-
cesses, and developed empirical measures for evaluating the extent to which each
process is used. Four hypotheses (HI through H4) linking the use of these four pro-
cesses to perceived knowledge satisfaction were proposed. We also developed a con-
tingency framework, involving two characteristics of the task performed by the
organizational subunit. namely process or content task orientation, and focused or
broad task domain. The four cells of the matrix combining these two dimensions
were Ihen related to the four knowledge management processes through four contin-
gency hypotheses, with intemaiization, extemalization, combination, and socializa-
tion processes being considered appropriate for focused, content-oriented tasks (H5),
focused, process-oriented tasks {H6), broad, process-oriented tasks (H7), and broad,
content-oriented tasks (H8), respectively.

The research hypotheses, developed based on prior theory, were empirically exam-
ined in one organization, NASA-KSC. Following a detailed qualitative investigation,
we collected empirical data from 159 individuals across 8 .subunits of NASA-KSC.
Exploratory factor analysis and reliabilities were used lo test the psychometric prop-
erties of our measures of knowledge management processes and knowledge satisfac-
tion. Structural equation modeling techniques were used to further test the measurement
model for the knowledge management processes. Hierarchical regression analyses
were used to test the hypotheses.

We now examine our overall findings and their implications for practice, while
distancing ourselves from ihe complexities of the data and the analytical procedures.
Upon testing the universalistic hypotheses (HI through H4), we found combination
and extemalization processes, but not intemaiization and socialization processes, to
affect perceived knowledge satisfaction. Thus, both of the knowledge management
processes that provide explicit knowledge^—that is, combination processes, which
help integrate several codified areas of knowledge, and extemalization processes,
which help explicate tacit knowledge—contribute to knowledge satisfaction. On the
other hand, intemaiization and socialization processes, which focus primarily on more
tacit knowledge, do not contribute to knowledge satisfaction. These findings should
be useful to managers in organizations resembling KSC, that is, organizations with an
orientation toward science and engineering.

The empirical data provided considerable support to the contingency framework
we proposed for the appropriateness of the four knowledge management processes.
All the knowledge management processes other than extemalization had an impact
on perceived knowledge satisfaction in the expected cell. Moreover, with one excep-
tion, none of the knowledge management processes significantly affected perceived
knowledge satisfaction in a eel! other than the one they were expected to have an
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impact in. This strong support for tbe contingency framework has a potentially im-
portant implication for practice. It suggests that managers should try to understand
the characteristics of their tasks, and then, based on task domain and orientation,
identify and develop the knowledge management processes that are most appropri-
ate. This would be a better strategy rather than efforts to develop all four knowledge
management processes, especially under limited resource conditions.

Finally, the low use of extemalization suggests an area where improvement needs
to be made. Although extemalization significantly influences perceived knowledge
satisfaction, extemalization was used to a very low level. In contrast, intemaiization,
which did not seem to impact perceived knowledge satisfaction at an overall level (it
docs impact perceived knowledge satisfaction within Cell 1). exhibited a high level of
usage. This may be because intemaiization benefits more from traditional leaming
and pedagogical techniques. Greater efforts are therefore necessary to build tools and
techniques that facilitate extemalization.

The findings of this study should be considered in the light of its inherent limitations.
First, it focused on one large organization. Although (his enabled us to examine the
research questions with considerable richness in an organization where knowledge is
of paramount importance, il limited the generalizability of the results. Like other orga-
nizations, KSC has its unique strategic, structural, and cultural attributes, and it re-
mains to be seen whether our results can be generalized to other kind of organizations.

Second, the findings of the paper may be limited by the fact that we mapped the
organizational subunits based on qualitative assessments of each subunit's task char-
acteristics. We recognize that quantitative measures of task domain and task orienta-
tion migbt have further enhanced the value of the study. But we did not use such
measures becau.se that would have required: (a) the identification of the specific tasks
within each subunit; (b) the development of scales to measure task domain and task
orientation; and (c) use of those measures for each task within each directorate. Al-
though acknowledging this limitation, we remain confident about our assessments,
which are based on interviews with numerous individuals at KSC, and were sup-
ported in two interviews specifically focusing on this issue.

Third, our findings are based on self-report data, entailing potential respondent bias
(e.g.., social desirability effect) or general method variance. However, the fact that the
study reported good psychometric properties based on multiple assessments (reliabil-
ity, exploratory factor analysis, and confirmatory factor analysis) supports the valid-
ity of our results.

Finally, like most social science models, ours excludes some potentially important
factors. We only considered the knowledge management processes as antecedent vari-
ables affecting knowledge satisfaction. To prevent the analysis from being overwhelm-
ingly complex, we did not include other factors affecting knowledge satisfaction. We
also relied exclusively on Nonaka's [31] knowledge management processes and did
not consider the roles played by organizational routines, directions, and other pos-
sible knowledge management processes.

Thus, the above limitations constrain the generalizability of our results to other
organizations and contexts. However, we believe that, despite these limitations, this
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Study makes some valuable contributiotis to practice and idetitifies some poletitially
itnportant directions for future research.

First, further research is needed to test our results, obtained from in-depth itivestiga-
tion of one organization, in a large numherof orgatiizations. Such further research may
also examine whether our findings apply primarily to engineering-oriented and "knowl-
edge-intensive" organizations [34], such as KSC, or to other organizations as well.

Second, detailed case studies performing each of the four cells tnay help provide
further elaboration of this contingency model and may also produce greater insights
into the effects of the four processes on perceived knowledge satisfaction. In other
words, this study has contributed to the "know-what" by providing some insights into
the effects of various knowledge management processes, but further research is needed
to generate the "know-how," that is, the way in which these effects come about.

Third, the measures we have developed for the four knowledge management pro-
cesses and perceived knowledge satisfaction may be useful in future research on knowl-
edge management. Similar measures should, however, be developed for other relevant
constructs, including the use of directions, organizational routines, task domain, and
task orientation, as well as the role information technology plays in knowledge man-
agement. Moreover, considering the usual limitations of perceptual measures, objec-
tive measures of perceived knowledge satisfaction would be useful in future research
in this area.

Finally, further research is needed to build on the contingency model developed
and tested here. Other knowledge managetnent tools and processes, such as routines
and directions, as well as other contingency factors, including industry and product
characteristics, and the business strategy and organization structure need to be in-
cluded in broader, and possibly more general, contingency models of knowledge
management.
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NOTES

1. This visit was conducted after the questionnaire survey. During this visit, a total of 13
interviews were conducted with 17 individuals, but only 2 of these interviews focused on the
aspects relevant to this paper. Moreover, following the questionnaire survey and before the
visit in October 2(KX). KSC was reorganized, and Ihe number of directorates and offices were
reduced from 23 to 13.

2. Six respondents did noi provide their titles, and there were some other missing items in
some responses. Following listwise deletion, 139 responses were used in the analysis.
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3. "Case studies and stories." "Simulations and ganfie playing," "Drawing inference.s from
trends in historical data." "Development of prototypes," "Learning from prototypes," and "Lxam-
ing from concept maps and expert system," were dropped as they loaded on multiple dimen-
sions in exploratory factor analysis.

4. NFI indicates the extent to which the hypothesized model improves over the null model,
wherein all observed variables are specified as uncorrelated [3].

5. We chose to use a 0.10 significance level as the initial cutoff for interpreting results of the
analysis due to the exploratory nature of the research. This liberal approach is often recom-
mended for exploratory research in order to reduce the probability of a Type II error (19, 42].
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Appendix A: Confirmatory Factor Analysis for
Knowledge Management Processes

Items' Lambdas*'

Scale 1: Extemalization
Modeling based on analogies and metaphors 0.63
Capture and transfer of experts' knowledge 0.62
Decision support systems 0.67
A problem-soiving system based on a technology like
case-based reasoning 0,73

Pointers to expertise (skilis "yellow pages") 0.67
Chat groups/Web-based discussion groups 0.62
Groupware and other team collaboration tools 0.71

Scale 2: Combination
Repositories of information, best practices, and lessons learned 0.53
Web pages (Intranet and Internet) 0.82
Databases 0.81
Web-based access lo data 0.86

Scale 3: Socialization
The use of apprentices and mentors to transfer knowledge 0.68
Brainstorming retreats or camps 0.53
Employee rotation across areas 0.49
Cooperative projects across directorates 0.72

Scale 4: Intemaiization
Learning by doing 0.46
On-the-job training 0.53
Learning by observation 0,43
Face-to-face meetings 0,64

(continued)
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Appendix B: The Measures of Knowledge Effectiveness

Factor analysis (principal components method with Varimax rotation and Kaiser Nor-
malization; eigenvalue greater than I) of the 11 items used to measure knowledge
effectiveness protiuced two clean factors only after five of the 11 items were dropped.
Moreover, an examination of the scree plot indicated one factor. Factors I, 2, and 3
had eigenvalues of 3.34,1.05, with the corresponding variances explained being 0.64,
55.58, 17.34, and 10.39 percent. We therefore used the single factor, including the 11
items given helow, to measure perceived knowledge effectiveness.

We would like to access your satisfaction with the knowledge available to you, to
your directorate in general, and to KSC at an overall level. Please indicate the extent
to which you disagree or agree with each of the following statement by CIRCLING
the appropriate number from I to 5.

Strongly Strongly
Disagree Neutral Agree

1. You are satisfied with the availability of
knowledge for your tasks.

2. The available knowledge improves your
effectiveness in performing your tasks.

3. You are satisfied with the management
of knowledge you need.

4. You are satisfied with the knowledge
available for the tasks in your directorate.

5. You are satisfied with knowledge sharing
among individuals at your directorate.

6. The available knowledge improves the
effectiveness of your directorate.

7. You are satisfied with the management of
knowledge at your directorate.

8. You are satisfied with the knowledge
available for various tasks across KSC.

9. You are satisfied with knowledge sharing
among various directorates at KSC,

10. The available knowledge improves KSC's
overall effectiveness.

11. You are satisfied with the management
of knowledge at KSC.






