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From Aristotle philosophizing that “all men naturally desire knowledge” to Peter Drucker (1997) noting that we are becoming knowledge workers, people have explored the idea that knowledge is a commodity that can be gathered, shared, and hoarded.  Particularly in the aerospace field, knowledge is critical to success.  With highly specialized, compartmentalized disciplines and extremely complex missions, it takes a diverse, deeply knowledgable team to design, built, operate, and analyze the data from a spacecraft.  The ways in which an organization can help that team to share knowledge amongst themselves and, better yet, to share with other teams, are at the heart of knowledge management.  

This paper will explore the types of benefits aerospace companies can garner through the deployment of knowledge management practices and systems. For this paper, knowledge management systems are defined as those that focus on collecting, organizing, and distributing explicit information so that people can act in ways that will advanced the goals of the organization.

All Systems are Not Created Equal

In creating a system that captures and collects knowledge, it is crucial to be able to evaluate, prioritize, and measure the value of knowledge “objects”. This requires that we agree on what a knowledge object is and how it might be valuable. 

A knowledge object can be thought of as one or a set of ideas (or files) that together comprise a decision and associated information.  Sometimes this other information is context rich, as in the case of documents that might contain an explanation or rationale for an engineering decision.  At other times, the knowledge object may be context poor, as when it comprises transactional data for ordering a part, but does not indicate why the part was ordered or what component it will be used for. Examples of knowledge objects that exist within information systems are

· Documents

· Sets of related transactional data

· An engineering drawing and its related notations and documents

· A listing of an expert, along with their skills, projects, publications, availability, and contact information

The value attached to a knowledge object can be determined by the value of the actions of those who use the knowledge object.  Just the existence of that object is of no value if it does not change someone’s behavior.
  Ragowsky, Ahituv, and Neumann (1996) confirm that assertion by noting 

The benefit an organization gains from using a computerized application increases as a function of the increase of…the level of complexity and uncertainty…and the impact of the decision…on the organization’s objectives (p. 89)

To change their behavior, team members need to have access to the object, willingness to find and understand the information, and the motivation to apply that information to making a decision that improves the success of the mission.

Approaches to justifying the costs of knowledge management (KM) implementation fall into two camps. The first devolves a KM initiative into its components and analyzes those independently to access the project’s viability by looking at the return on investment (ROI) for, say, a document management system.  The second approach looks at the entire KM system (processes and technology) and gives a strictly qualitative argument for implementing KM—“Sharing knowledge is good, we should do it.”  The limits to these two approaches are that in the first case, it is difficult to get funding for the “glue” (such as standards, metadirectories, and navigability between elements) that unifies KM subsystems; in the second case, a successful project can be underfunded because the true benefits are not specified and quantified.  Developing measurements for KM systems is complicated by recalling that

· Moving knowledge from a tacit (non-documented) to explicit (recorded) state is an ongoing challenge (both for individuals, as well as for the technology)

· Knowledge has both an immediate value (meeting an objective) and long-term value to the organization (leading to knowledge reuse for more efficient work later for someone else in the organization)

· Making something reusable takes the creator longer than simply creating knowledge for his or her own one-time use


Finally, we need a change in the fundamental measures for return on investment.  Traditional metrics measure “product”-ivity (the ability to create numbers of products), rather than innovation or radical increases in understanding or formation of diverse, innovative teams.  Traditional metrics of “widgets produced per hour” and “defect rate per 1000” now give way to metrics of “successful infusion of a new technology on a mission” and “the number of patents”—metrics that are not all created equal.

Creating Knowledge from Information—What is the Value of Knowledge?

So, what is the value of these bits of information?  If we say that knowledge is information plus experiences that yield an action, how do we link the capture of electronic bits to people’s actions?  There are many anecdotes of poor measurements for the success of KM systems.  As in any IT system that involves rewards, people will behave as they are rewarded to do so.  For example, Davenport and Prusak (1998) note in one case that a company paid employees for each contribution they made to the corporate “knowledge base”—some employees divided information into its smallest components and published each section or paragraph of a document as a separate entity.  Many aerospace companies have lessons learned systems, where key lessons are carefully published.  Metrics are kept about the number of lessons published, but not the number of times people access those lessons or whether they are found useful. In establishing measures that will place a value on KM systems, we need to understand the behavior that the mere existence of the metrics will evoke.  Metrics alone will not solve the problem of encouraging such reuse of key learnings.  Rather, infusing key lessons into the engineering lifecycle at appropriate points makes them both more used and more useful. Imagine, for example, that during the design of an optical system, an engineer enters certain parameters in the mirror design that will cause it to fail in a known way on orbit.  If that lesson was “infused” into the tools (embedding the rules in the tools), then those parameters would trigger a note to the engineer to avoid the flawed design at the point of least cost to the organization.

In addition, many users may place a high value on KM systems that deliver immediate value to them.  For example, users may really appreciate a system that improves their short-term efficiency, such as one that embeds electronic workflow into a complicated process or provides templates for standard project documents.  However, just as important are systems that support the organization’s long-term goals, for example one that captures the tacit knowledge from experts or stores key documents in a long-term electronic archive.  In the first case, the system may save a certain number of minutes from each step of the process.  In the second case, the system may pinpoint a mission-critical problem before launch, save thousands of hours of re-development time, or support future defense of patent rights. Therefore, the value of the system is not simply in the number of uses of the system, but also in the value of each of those uses.

Perhaps the best example of how to tie KM systems to measurable value comes from Tiwana (2000).  Tiwana notes that investments are made in KM systems that support four basic areas: human capital, organizational capital, customer capital, and financial investment. While all of these measurements contain some noise (and only some apply to government agencies), they start to approach the difficult job of quantifying KM subsystems and the effect of the information in them to drive people’s actions.  Those actions need to be measured in light of the strategic goals of the organization.  When KM systems drive actions that support the organization’s goals is when the most value is being delivered.  For example, when the KM system supports mission success and risk management, the value can be extremely high.
Quantifying the Value from Information Technology

So, we can tie the goals of KM systems to specific metrics, targets, and initiatives that in turn create some quantifiable value to the organization’s financial perspective or human, organizational, or customer capital.  But how much of that value is based on simple information and how much is based on the functionality or usability of the system itself? In other words, how much is based on the information contained within the system and how much by efficiencies caused by the automation of some process? This dilemma was noted by Ahituv (1989) when he discussed that “the value of information cannot be separated from the information system for exploiting the information” (p. 315).

To study this issue, we much first define the types of subsystems in a generic KM program. Several existing and emerging information technologies support KM.  Figure 1 shows some of the typical applications involved in a KM system.

Figure 1.  Typical subsystems included in a KM implementation.

These subsystems within a larger KM system can each provide specific value.  In addition, the combination of several of the subsystems can yield even greater results.  The section below looks at several of these subsystems and attempts to develop quantifiable metrics that can deduce if people are using the information within the systems, if they are understanding it, and if they are applying it to design better spacecraft or more innovative technologies for space.

The types of measurable benefits that can be attributed to these subsystems are sometimes controversial.  Number of hits on a web site, number of times a book is checked out of a library, or number of phone calls received by an expert are not clearly linked to the science and engineering actions that result from accessing, understanding, and applying that information. 

Several authors have attempted to look more rigorously at this.  (The following discussion is intended to help avoid redundant evaluations of material that is simply not applicable to aerospace companies.)  One method that originally garnered a great deal of support was a “balanced scorecard”, which maintains “a balance between long-term and short-term objectives, financial and nonfinancial measures, lagging and leading indicators, and between internal and external perspectives” (Kaplan and Norton, 1996). Tiwana (2000), for example, notes that the three primary ways of identifying meaningful metrics are benchmarking, the House of Quality, and a balanced scorecard. This is also supported by earlier work from McGee and Prusak (1993) that describes several case studies measuring either operational or financial measures.  McGee and Prusak conclude that the best measurements are ones that combine multiple dimensions and “balance” the result (p. 188). Another critic of the balanced scorecard is the American Productivity and Quality Center (APQC), which has done a particularly good and thorough job at collecting these types of metrics. The APQC (2000) notes the weakness of the scorecard method is in a misalignment with organizational goals, it can be complex to define and collect the metrics, and that as the metrics are introduced they actually change the organizational culture and employees’ behavior further complicating analysis of the metrics.

Instead, for most aerospace organizations, they can apply the scientific method to looking at the ROI for KM systems—breaking them down to their component parts.  Womack (2000) notes several metrics that can be applied to either tangible or intangible measurements of knowledge management.  Table 1 is partially derived from Womack with additions made for aerospace organizations.

Table 1.  Sample Measurements for KM

	Tangible Benefits
	Metric

	Key staff working on projects
	% of time focused on task (rather than in managing or finding information)

	More successful missions
	% of missions successfully completed

	Better quality control
	% reduction in reject rate

	Elimination of rework
	Number of hours saved

	Vendor payment reduction
	% reduction in payments to outside vendors

	Intangible Benefits
	Indicator

	Improved knowledge sharing
	Knowledge organization index

	Compliance with ISO 9000 and other regulations
	Captured business processes

	Improved business intelligence
	Organization IQ

	Improved reputation
	Number of public speaking engagements, articles published, etc.

	Higher retention rate
	Staff turnover

	Risk avoidance and mission success
	Anecdotal evidence of lessons learned applied in time to save missions


Applying the Framework KM Systems

The framework below looks at proposed metrics for six subsystems of typical knowledge management systems in place at aerospace companies. The metrics below reflect a mixture of realistic and perceived values—hopefully, building on the strengths of each methodology.  Normative studies of the benefits of a KM system are generally not discussed below because all KM benefits are derived by people actually applying the information they gather to complete an action.

Portals

An enterprise information portal to knowledge resources internal and external to the organization.

The ability to navigate quickly to accurate information that is needed to complete a task is difficult.  A variety of issues keep this from happening easily—information overload, inaccurate data, Web sites that are not maintained, inadequate search engines, metadata dissimilarities, and lack of training on how to search for information.  Some of the ways that navigation can be evaluated could include measuring the

· Increased number of hits to significant, but under-utilized, sites when additional pointers are provided from more centralized sources or search engines. For example, if more people should visit a “lessons learned” site, then guiding more people to it through other avenues should increase the usage of the lessons learned as more people see that information.

· Decreased time for people to reach a piece of information that is useful. A recent study at NASA showed that employees spend up to 8 weeks a year looking for information.  If the addition of more powerful search engines and targeted push and pull technologies can shave enough a few hours a year off that, the ROI is very high.

· Savings to organizations related to subscriptions to external news sources (such as journals and consulting services) by buying centralized subscriptions.  Essentially, looking at capitalizing on economies of scale for outside information services.

Document Management

The systems and processes that support documents and data through their lifecycle

(authoring ( reviewing ( publishing ( revising ( archiving)

Document management systems provide tools and services to support organizations as they create documents and share data files.  At the front end of this lifecycle, templates can be created for flight projects that are based on examples of good documents and include required wording, hints and pointers, and links to people and online information that could be helpful as the engineer works through the template.  The end of the lifecycle will place knowledge objects in persistent formats in a long-term archive for later reuse (leading to what is really a circular lifecycle).  Measures that could help evaluate the economic viability of this component could include

· Savings due to better interoperability of documents between systems and versions (attributed to lower desktop support costs and less time spent by users converting documents)

· Decreased time spent organizing and writing documentation due to the development, maintenance, and use of templates

· Decreased training time spent by users because there are fewer tools to learn

· Decreased costs for desktop support because there are fewer tools to buy and operate

Content and Web Management

The systems, processes, and service providers that organizations need to create and maintain Web-based information systems in compliance with rules and regulations

Often, projects or departments within an aerospace company each create and maintain their own Web sites (often with little idea of what they are trying to communicate or who their audience is).  Content and web management applies the idea of templates and embedding institutional processes and constraints into the procedures for creating information in order to ensure people create and maintain sites in compliance with corporate policies.  Some of the possible economic measures that could be applied to evaluation of this component include

· Decreased time spent creating Web sites (deciding what should be published, who the audience is, and what tools to use)

· Decreased time spent maintaining Web sites (including the idea that “dead” Web sites have an economic cost in cluttering search engines and search time and promoting inaccurate data)

· Better overall risk management in ensuring that the organization complies with appropriate rules and regulations, as well as lessons learned from previous experiences

Collaborative Environments

Facilitating the ways teams collaborate, using technologies such as data- and videoconferencing, asynchronous meetings, and group workspaces

This is perhaps the most time-consuming and frustrating problem facing aerospace companies today:  virtual teams are hampered by an inability to effectively collaborate with each other and with outside experts.  Some of the problems relate to differences in the tools available among countries, restrictions placed on sharing data by various countries’ export laws, and a lack of training in the use of collaborative tools, transnational issues, and asynchronous work methods.  There are some quite wins in economic payback in this area, although the biggest wins might be in the area of increasing the general knowledge (via mentoring and brainstorming) and sparking innovation by linking groups that don’t normally work together.  Some of the possible measurements for this could include

· Increased number of collaborators.  Who do people consider their most valuable collaborators, and has that expanded after the tools and methodologies were added? In other words, has the use of collaborative environments connected valuable collaborators that would not have connected otherwise?

· Success stories of problems solved or proposals won

· Decreased travel expenditures coupled with increased use of videoconferencing (however, there may be more international travel if teams now have more reasons to meet face-to-face with new-found partners)

· Customer satisfaction surveys and use metrics, including increased bookings of specially outfitted conference rooms and increased requests for approval of information for outside access

Standards and Data Dictionaries

To ensure efficiency and interoperability, KM systems need to adopt standards

such as metadata, application interfaces, and data dictionaries

To effectively operate distributed systems, it is necessary to implement and adopt standards.  Particularly in aerospace, where the “language” of a discipline is highly specialized, such standards are critical when moving amongst disciplines.  For example, in one well-publicized failure, a lack of specificity in units of measurement led to the Mars Climate Orbiter failure.  Some of those measures could include

· Decreased costs in building and maintaining interfaces between systems

· Decreased costs for developing and maintaining standards and data dictionaries for each system

· Decreased costs for building new systems and databases if standard structures are used (such as object libraries)

Knowledge Management System


Overall, there are explicit costs and both tangible and intangible benefits to the components of a KM system, as well as to the system as a whole.  Looking at valuations for the components could affect the decisions to implement the components in their planned state or even at all.  Some of the components are dependent upon others (for example, portals requires standards for metadata) and, therefore, increased value needs to be factored in to the value of the use of standards.

Summary

The examination of these valuations can help a knowledge management team to prioritize some of these components and to allocate funding and workforce to those parts that will provide higher value to the organization.  More importantly, an engineering or aerospace organization can look to where the knowledge resides to help make the connections to ensure mission safety and success.
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Information + Experience + Action = Knowledge





KM Components





People need to be able to access, understand, and apply information.





KM systems create value when information they contain changes employee behavior in support of organizational goals.








� One of the failings of many KM systems is that they focus on capturing as much information as possible, and do not attempt to filter, segment, or distribute the information appropriately. This simply leads to information overload for the users.
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