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EXECUTIVE SUMMARY

Workplace training programs are now beginning to see the power and usefulness of
technology to make company learning ubiquitous and codt-effective. For workers to benefit
from them, these new technologies must be designed to support work practices of a company.
These practices and activities in turn must be designed in accordance with the principles of the
cognitive science of learning as discussed in our first paper.

In this paper, we present some way's that innovative companies have used technology to
support more effective and powerful learning for workers and their organizations. We have
organized the paper around the kinds of technology-based activities that illustrate one or more
of the cognitive science principles described in the first paper. In each section, we present
examples of effective uses of technology within one or more companies and describe the
gpecific role technology playsin supporting learning there. The end god for workplace learning
is competent practice, carried out by awell-coordinated group of active worker-learners, and
technologies can be used to support the development of communities of practice organized to
enhance learning.

In the paper, we examine how technology has supported the following learning activities within

organizations.

Building competence in communities of practice. New collaborative technologies for
learning am to provide an environment wherein novices can come to devel op as competent
members of acommunity of practice, in both forma and informa ways. In this section, we
present examples of a consortium that used videoconferencing technologies to help community
health workers collaborate more effectively and learn key skillsin socid and environmental
hedlth. We dso examine the case of Bulab at Buckman Laboratories, an on-line learning
environment designed to build acommunity of practice anong scientists and other saff who are

distributed across the world.



Devel oping expertise through problem-based |earning. One dternative to traditiond
corporate learning programs is problem- or scenario-based learning. In problem-based learning,
trainerswork with expertsin a particular community of practice to identify some key problems
that workers will need to solve. They identify some successful and some not-so-successful
gpproaches to solving those problems, and then design problems for learnersto solvein a
training environment that will dlow them to gain experience with and expertise in their target
work practice. In this section, we present an example from medicd training, where
problem-based |earning has been used widdly for 20 years. The IMMEX systemisa
Web-based problem-solving environment that has been used successfully to distinguish between

expert and novice problem-solving strategies in medica diagnoss.

Bridging prior knowledge and learning in novel situations. Smulations, models, and
virtua redlity provide environments for workers to experience these contextud dimensions of
problem-solving in much greater detail. They aso alow for workers to practice solving
problemsin “red time” as contexts change and as new information arisesin the course of
activity. Third, amulations provide arich network of systemsin context for usersto employ to
help bridge new understandings with their prior understandings of adomain. In this section, we
examine how Andersen Consulting used smulations designed by the Inditute for the Learning
Sciences to teach its new consultants how to conduct a requirements analysis. Andersen has
used the authoring tool used by ILS to cresate several Smulation-based training programs to

save money by avoiding bringing learners to a centra location.

Structuring participation in collaborative environments. Few technologies are
designed specificdly to support learners  collaborative reflection on their ongoing work activity.
At the same time, much more emphasis is placed on such reflection in schools and, not
surprisingly, powerful technologies have been developed to support collaborative reflection
focused on student inquiry and research that are themsdlves powerful aidsto learning. In this
section, we examine how the CSILE database has been used as a powerful aid to support



collaborative reflection about ideas, modds, and other visua data such as graphsin an
environment that alows learners to digplay their knowledge of adomain.

In our concluding section, we review two kinds of technologies that support more than one of
the different learning activities and that point to ways that a community of practice designed for
learning can be built over time. These two technologies—MOOs or MUV ES (multi-user virtua
environments), and knowledge networking environments—provide opportunities for both formal
and informd learning, and while they are not complete learning solutions, they point toward an

exciting future direction of workplace technologies for learning.



Introduction: From Principles to Technologies-In-Use

Workplace training programs are now beginning to see the power and usefulness of
technology to make company learning ubiquitous and cogt-effective. In recent years, training
departments in companies have begun using technology to help them handle the chalenges of
training workers to adapt to work in ever-changing business environments. Still, in 1998 over
83% of corporate training departments in the United States report using traditiona classroom
methods as the bread-and-butter of their training programs.* Training enhanced by learning
technologies accounted for only 6% of al training time? They are, moreover, used primarily by
larger companies with big training budgets® Companies of dl Szes, but particularly smaler ones,
cite cost factors and knowledge of available and effective learning technol ogies as the biggest
barriers.* Based on these data, one important way to expand the market for learning
technologiesisto provide companies with effective ways to evauate the potentid of new
learning technologies based on what we know about how people learn at work.

In our first paper,® we outlined severd cognitive science principles for desgning
workplace learning environments. Learning, we argued, takes place in the course of people's
participation in ongoing work activities, within communities of people who do and make things
together. Furthermore, the most effective learning takes place when workers have opportunities
to solve avariety of problems smilar to the kinds of problems they will face on the job. But just
solving problems is't enough: Workers need to be able to gpply their problem solving practice
“intraining” to problem solving practice a work. This frequently involves helping workers to
re-organize their prior knowledge and experience o that it becomes useful to them in their
current jobs. The opportunity to reflect collaboratively about these kinds of problems and work

1 Bassi, L.J, & VanBuren, M.E. (1998). 1998 State of the Industry Report. Alexandria, VA: American Society
for Training and Development.

2 Ibid.

3 Ibid.

4 Ekos Research Associates, Inc., & L. Green & Associates. (1999). The impact of technol ogies on learning
in the workplace. Hull, Canada: Office of Learning Technologies

5 Penuel, B., & Roschelle, J (1999). Designing learning: Cognitive Science Principlesfor Innovation. A.L.
Cohen (Ed.). First in a paper seriesfor Lotus Research. Menlo Park, CA: SRI International.



practices further enhances both the workers' learning and the organization’ s repertoire of
expertise.

In this paper, we present some way's that innovative companies have used technology to
support more effective and powerful learning for workers and their organizations. We have
organized the paper around the kinds of technology-based activities that illustrate one or more
of the cognitive science principles described in the first paper (see Table 1). In each section, we
present examples of effective uses of technology within one or more companies and describe
the specific role technology playsin supporting learning there. Our review does not provide an
exhaudtive list of design features that a company could use as a checklist to determine whether
the technologies they use maximize the learning possibilities for their workers. Ingtead, we focus
on learning activities as they take place in particular workplace settings, examining how the
technologiesfit into and transform ongoing work practice.

Table 1.

Learning Activities to Support Cognitive Principles of Learning

Technology-Supported Cognitive Principle
Learning Activities
Building competence in communities of Learning takes place within communities of
practice practice.
Developing expertise through Novices learn to become experts through
problem-based learning practice in solving a variety of problems in a
domain.
Bridging prior knowledge and learning in Becoming an expert means applying learning to
novel situations new contexts.
Prior knowledge mediates learning.
Structuring participation in collaborative Learning is enhanced when thinking is made
environments visible by collaboration and reflection among
learners.

Why Focus on Activities?

There isatendency to spesk of new technologies in terms of what they can do for us.
We have terms like “ agents,” moreover, that suggest the idea that our technologies indeed can
act—granted with alittle programming and assistance from people—in ways that are liberating




and transforming. But speaking this way about technology hides the ways that people, tools, and
Stuations are dl connected by particular activities. It isthis larger unit—activity—thet is criticd
to examine if we want to investigate the impact of technology on workplace learning. It's indeed
possible that new technologies may transform activity, but they do so only to the extent that
people, processes, and contexts also change and are changed by new technology.

We focus then on activities as contexts for technol ogy-supported learning because the
godls, people, inditutions, and technologies al come together in the particular way that
communities of practice do what they do together. It is not possible to identify a menu of
technologies that have particular design features and capabilities that a company can employ to
maximize learning. The power of a particular tool lies not in the technology in itself but in what
people can accomplish when they use technology to learn while accomplishing Sgnificant tasks
or solving important problems a work. The end goa for workplace learning is competent
practice, carried out by awell-coordinated group of active worker-learners, and technologies

can support the development of communities of practice organized to enhance learning.

Building Competence in Communities of Practice

How do groups of people who work together develop shared ways of interpreting the
doriesthat in turn shape how they do their work? To answer this question, we would probably
want to follow anew hire fresh out of college or business school for awhile and observe as this
novice engages with different people on the job. If this new hireis lucky, some of what she
learns may come from an initid off-gite training week, where the eager new hire learnswhat is
expected of her in her new job and how to perform routinized tasks of her job. However, much
of what islearned comes through the course of interacting with co-workers on projects. The
novice learns how to do her job by contributing to the work, listening and watching for the
reactions of others, and adjusting her actions accordingly throughout the day on a myriad of
projects. Over time, the novice begins to recognize patterns of work, patternsin how people

respond to her, and patternsin how she regulates her own thinking and work. The richness of



face-to-face engagement with othersis an important resource for learning.

New collaborative technologies for learning aim to provide an environment wherein
novices can come to develop as competent members of acommunity of practice, both formally
and informally. These technologies have a difficult task—to provide support for workersto
develop competence when they are in many cases separated in pace and time from other
learners. To be sure, designers of collaborative technologies have arich history of effortsin
distributed learning to draw upon.

In the pagt, it has been possible for companies to create a common community of
practice by taking advantage of the proximity of workers to one another. People working in the
same location could al attend training sessions together, take advantage of opportunigtic
encountersin the hallway to share company news, or schedule meetings with each other to plan
their activities. These socid encounters build up acommon history of mutud activity and
engagement, a prime ingredient in the congtruction of communities of practice®

Increasingly, companies are looking for learning solutions that dlow workersto acquire
critical enterprise knowledge and skill when employees are geographicaly dispersed and cannot
meset a the same time and place for training. The chalenge for companiesis not just to ensure
that workers transfer a discrete set of skills but aso to make sure workers learn the fed and
culture of the company. Workers still need some way to interact with others to check their
developing understanding of whét it is they’ re supposed to do on the job. Solving the problems
of distributed learning, then, involves defining new ways to develop communities of practice
supported by collaborative technologies.

Education at adistance is not a new form of learning. Correspondence courses offered
through mgor American universities were established in the late 1800s” At the time, these
courses were seen as inferior to classroom ingtruction, akind of second-hand education thet

could hardly confer the kind of rigorous knowledge that attendance a a university or campus

6Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. Cambridge: Cambridge
University Press.

" Mclsaac, M. S., & Gunawardena, C. N. (1996). Distance education. In D. H. Jonassen (Ed.), Handbook of
research for educational communications and technology (pp. 403-437). New Y ork: Macmillan.



would confer.? In recent years, distance education has grown beyond colleges and universities
to include public and private organizations, the military, and large corporations. It isseen asa
necessity at atime when the cogts of bringing employees to a centrd training Site and providing
them with food and lodging is becoming more and more expensive. Distance education, or
distributed learning asit is now often caled, provides opportunities for workers in companies
to learn just about anywhere they happen to be—at their desk, on the road, or a home.

Technologies to support learning at a distance have themsdves transformed rapidly in
the past two decades. In the late 1970s and early 1980s, an array of individual tools emerged to
support learning at adistance. Bulletin-board systems were first developed in the late 1970s,
which dlowed users to post and read information on a network. Computer conferencing
systems were firgt used for course activity and delivery in the early 1980s. Conferencing
systems were the first technologies to dlow for completdy “on-Hing’ or “virtud” learning, in that
they provide users with software embedded in virtud “paces’ in which they can navigate,
review materia, and make contributions. Among other things, videoconferencing has alowed a
shift from individudized, self-directed learning to collaborative learning.® Among the first
educationd uses of conferencing were non-credit mini-courses, executive training programs, and
college-level courses’® Interestingly, while many of these new technologies were designed to
support higher education purposes, business practices have become more and more important
as contexts for the development of new learning technologies.

In some cases, videoconferencing has shown promise in supporting learner
collaboration and acquisition of knowledge. An early user of videoconferencing, the Danish
consortium involving the Jutland Ingtitute of Technology and Aarhus Technica Collegein
Denmark isilludrative. The consortium used the COM conferencing system, at itstime a

sophisticated conferencing toal, to support on-the-job training for community health workers.

8 Pittman, V. (1991). Rivalry for respectability: collegiate and proprietary correspondence programs. Second
American symposium on research in distance education. University Park, PA: Pennsylvania State
University.

9 Lauzon, A.C., & Moore, M. (1989). Enhancing accessibility to meaningful learning opportunities: A pilot
program in online education at the University of Guelph. Research in Distance Education, 3, 2-5.

10 Harasm, L., Hiltz, S.R., Teles, L., & Turoff, M. (1995). Learning networks: A field guide to teaching and
learning online. Cambridge, MA: MIT Press.



All users had access to this system, whether at home or at their desktop at work. Students
defined themes and topics for the courses and formulated problems to investigate. Each team of
students spent over two months completing projects, which were designed to become a part of
workers ongoing practice. Experts provided up-to-date subject-matter knowledge in the areas
of socid and environmenta hedlth. At the end of the project, groups met face-to-face to present
their projects. Students indicated that the course was va uable and reported gains in knowledge
they felt would be useful to them on the job. The students said that learning on-line made it
eader for them to collaborate: share drafts, comment on ideas, and make use of people's
pecid gifts?

In other instances, videoconferencing has been less than successful in supporting
workplace learning. Harasm, Hiltz, Teles, and Turoff*? report results from a hospita
management organization’ s corporate training program. The management had requested that
three professond development courses be offered on-lineto asmdl group of employees.
Management selected the topics for the courses and nominated al participants. To build asense
of community, the courses began with an on-site training sesson. Each course had four
modules, and short “e-lectures’ were delivered each week to students, as were questions for
discusson. Moderators made requests that participants bring in job-related situations for
discusson. Many participants, though, never sgned on, and those who did didn’t write much.
There was too little motivation to participate or time to participate. Management had not
reduced these workers' load, and there was no immediate payoff for participation. Moreover,
access was a problem. Workers could not access the system via notebook computers, and in
many cases, workers did not have access at their desks.

These two examples, both from the same indudtry, illustrate the centra importance that
the larger socid and organizationd context plays in shaping the success of learning technology.
In the Danish consortium, learners were saf-directed, defining areas of investigation based on

their interest. Experts provided relevant and important content, but only as requested by

11 i
Ibid.
Hiltz, S. R., Shapiro, H., & Ringsted, M. (1990). Collaborative teaching in the virtual classroom. Proceedings
of the Third Symposium on Computer Mediated Communications (pp. 37-55). Guelph, Ontario: University of
Guelph.

12 Harasim, Hiltz, Teles, & Turoff. (1995).




workers. In the second company, by contrast, management defined the content and mandated
attendance in the training courses. At the same time, they provided no incentives for
participation, which sent amixed message to workers. The training, workers interpreted, was
important to management, but the incentives the company had previoudy set up to reward
ongoing work were gill the ones by which workers would be judged. Workers got the picture,
and they responded accordingly. As aresult, there was little participation in the courses, and
little peer learning occurred.

In recent years, courseware or “learnware’ asit has sometimes been called has been
developed to support more complex learning needs of organizations. These sysems are
designed to provide “anytime, anyplace’ learning for workers, and are often designed to help
focus dtrategic learning in companies, solve red business problems and provide learning on
demand using alearning-by-doing approach.®

Buckman Laboratories, achemica company based in Memphis, Tennessee, has been
investing heavily in on-line corporate learning for over a decade. Under the leedership of its
CEO, Bob Buckman, Buckman Labs has created the K’ Netix knowledge network and Bulab
Univergty, an on-line learning environment to support staff development at the company.
Buckman cresated these on-line learning environments because the company needed alearning
solution to fit the needs of itsworkers: At any given time, the company figured that 86% of its
daff isout of the office—making saes calls, conducting research, or providing consulting
services* Bulab University includes a variety of software tools within its architecture. In the
past, it has used CompuServe as an access tool for electronic conferencing. To measure
workers skillsand proficiencies and aid with career planning, Bulab uses atool called
Ingenium, from Asymmetrix. Bulab aso employs LearningSpace, which alows companiesto
creste, catal og, schedule, and manage courses, register students for courses and automeate the
process, create learner profiles, and track usage of the system. The technology supports

asynchronous discussions and e-mail among students and between learners and experts, aswell

13 Meister, JC. (1998). Cor porate universities: Lessons in building a world-class work force. New York:
McGraw-Hill.

14 Rumizen, M. (1998). How Buckman Laboratories’ shared knowledge sparked a
chain reaction. The Journal for Quality and Participation, 3, 34-38.



as collaborative document construction. Bulab uses LearningSpace to support broad training
curricula, such astraining in specific work practices, leadership and workplace socid kills,
technology skills, and even the history and culture of a company. Currently, nine saffers
develop coursesin four different languages, and many courses blend on-line and classroom
approaches, depending on the content.

The success of Buckman Laboratories' learning environments lies not smply in the array
of tools available to workers but in how the company has used technology to support
distributed informal workplace learning. The company has developed a Web Ste using
Lotus/Domino technology where associates are creating networks of support within and across
different communities of practice (e.g., chemists and consultants) in the company. Associates
can access contacts, expertise, and resources on knowledge management through the

company’ s Knowledge Nurture Web site (www.knowledge-nurture.com). Threaded

discussons dlow for asynchronous discussions about knowledge management at the company.
Net Meeting capabilities mean associates can dso engage in red-time discussion. Interestingly,
Buckman has made many parts of this Web ste ble to workers outside the company, in
part to enable knowledge to flow fredly across company boundaries.*®

Buckman's efforts have been widdly recognized in the field for the way their
technol ogy-supported learning environments enhance knowledge sharing within the company.
The company has won an Arthur Andersen Enterprise Award, a Computerworld Smithsonian
Award for innovative applications of technology, and a Delphi Group award for establishing
successful learning communities. The company has been recognized not just for creating such
systems as K’ Netix and Bulab but aso for the impact these learning environments have had on
the company’ s bottom line. In the years since K’ Netix was first established at Buckman, the
company has shortened the time it takes to get an innovative product to market: the average
sdes of products less than five years old had gone up by 50%.Y7

15 Wheder, K. B. (1999). Bulab University strivesto build career fitness. Corporate University News, 2, 3-4.
16 |y
Ibid.

17 Arthur Andersen. (1996). 996 Enterprise Award Honoree: Sharing Knowledge in the Organization.
[on-ling]. Available: http://www.knowledge-nurture.com.



Developing Expertise Through Problem-Based Learning

A key problem faced by designers of workplace learning environmentsisto creste
contexts wherein learners can encounter the kinds of problems they face on thejob. Thisisno
easy task, since most of the people who design corporate learning programs have expertise in
training and organizationa development, but not in the kinds of practices that those whom they
aretraining will need to magter. As aresult, many corporate training programs produce
documents and training guides that are far removed from the day-to-day problems faced by
workers on the job.*®

An dterndtive to training manuals and traditiona curricula can be found in problem- or
scenario-based learning. In problem-based learning, trainers work with expertsin a particular
community of practice to identify some key problems that workers will need to solve. They
identify some successful and some not-so-successful gpproaches to solving those problems, and
then design problems for learners to solve in atraining environment that will alow themto gain
experience with and expertise in their target work practice.

Problem-based |earning has been used for many yearsin higher education, mogt oftenin
the teaching of medicine.*® Recently, two reviews have summarized more than 20 years of
evauations of problem- or case-based learning in medica education.?° These studies show that
medicd students who participate in problem-based learning programs perform as well as
sudentsin traditiona programs on conventiona tests of medica knowledge. In addition, these
medica students do better on tests of clinical problem-solving skills than those students who are
schooled in more traditiona methods.

18 Schank, R. (1997). Virtual learning: A revolutionary approach to building a highly skilled workforce.
New Y ork: McGraw-Hill.

19 Barrows, H. S. (1996). Problem-based learning in medicine and beyond: A brief overview. In L. Wilkerson
& W. H. Gijsdlaers (Eds.) Bringing problem-based |earning to higher education: Theory and practice (pp.
3-12). San Francisco: Jossey-Bass.

Williams, S. M. (1992). Putting case-based instruction into context: Examples from legal and medical
education. The Journal of the Learning Sciences, 2, 367-427.
20 Albanese, M. A., & Mitchell, S. (1993). Problem-based learning: A review of literature on its outcomes
and implementation issues. Academic Medicine, 68, 52-81.
Vernon,D.T. A., & Blake, R. L. (1993). Does problem-based learning work? A meta-analysis of evaluation
research. Academic Medicine, 68, 550-563.



Today, there are technology supports for the assessment of student learning in
problem-based learning environments. For example, in the Interactive Multi Media Exercises
(IMMEX) program developed by Dr. Ron Stevens of the UCLA School of Medicine's
Immunology Department, learners solve problemsthey are likely to encounter in the context of
their work practice. The program uses neurd network analysis to characterize different kinds of
problem-solving strategies?® In one problem in the IMMEX system, for example, medical
students are asked to prescribe a course of treatment for a young student who comesto a
community health center with symptoms of asthma. The students are given arange of
documents, some of which are more or less useful than othersin solving the problem. Some of
the documents include testimony from the patient’s family about symptoms, while other
documents provide medica students with an opportunity to consult a specidist. Each
information source consulted “costs’ the student money, just asared consultation would cost a
physician. The god isto support medica students learning to make an accurate diagnosis using
the fewest points (minimizing costs) and mogt efficiently (using expert search patterns).

Initial studies of student problem solving using the IMMEX system indicate that the
neurd network andyssthat is performed on student seerch strategies can effectively distinguish
novice and expert strategies used to solve these medica diagnostic problems.?? Importantly, as
in actua medica problem-solving, the system alows learners to search on their own without
cutting off investigation: The only limitations are the number of points used and the user’s
interests or frustration levels. The andysis showed that novice students search patterns were
broad and not guided by knowledge or theory in medical diagnoss. As student understanding of
the domain increased—both by traditiona independent “textbook” learning and by exposure to
problemsin the learning environment—the search strategies of students became more refined. A
few agpproximated what the computer itsalf could create as an expert strategy, defined asthe
mogt efficient srategy for gaining the correct solution to the problem. Moreover, follow-up

21 stevens, RH., & Nagjafi, K. (1993). Artificial neural networks as adjuncts for assessing medical students’
problem solving performances on computer-based simulations. Computers and Biomedical Research, 26,
172-187.

22 Stevens, RH., Lopo, A.C., & Wang, P. (1996). Artificial neural networks can distinguish novice and expert
strategies during complex problem solving. Journal of the American Medical Informatics Association, 3,
131-138.
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sudiesindicated that most medical students who scored among the lowest 10% of their class on
multiple problemsin the IMMEX environment were either on leave of absence or had dropped
out by their second year of medica school.?

IMMEX has some design features that contribute to its being such a powerful learning
and assessment tool. IMMEX: Author/Delivery, for example, dlows expertsin afied to design
their own problems and creste problem-based learning scenarios within any field that will
support the kinds of assessment that Stevens has developed for medical students. The IMMEX:
Andyss module provides arange of assessment tools for measuring student problem solving
and producing group-level and individud-level representations of learners search patterns. The
Anayss module isthe heart of what makes IMMEX an effective tool for providing feedback to
designers and learners about the development of expertise. Through statistica analysis,
“novice,” “becoming expert,” and “expert” problem-solving patterns can be identified.
Instruction can then be targeted to learners depending upon how their own search patterns are
evolving through repeeted practice with problems in the target domain.

Of course, the IMMEX system is best suited for helping students learn how to solve
problems that allow one or more * correct” solutions to the problem. I1l-structured problems, in
which the problem space itsdlf is difficult to define or in which many possble solutionsto a
problem exist, pose a problem for authors of IMMEX cases. Rich, open-ended representations
of problems are needed for these kinds of situations. We turn now to consider some tools that
help learners gain such rich representationa competence through interacting with smulations,
modeling tools, and virtud spaces.

Bridging Prior Knowledge and Learning in Novel Situations

One limitation of many problem based learning tools is that they do not mode problem
solving in “red time.” In other words, the problem space remains the same throughout the
activity, and users can take as much or as little time as needed to solve the problem. On the job,
however, workers must solve problems that are themselves congtantly changing, and when

workers begin solving a problem, the problem changes, and other people involved in solving the

23 Stevens, R, personal communication, May 26, 1999.
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problem provide feedback to workers. Moreover, there are usudly tight deadlines to solving
problems, and workers must develop skill in solving problems quickly and efficiently. The
accuracy and speed is often reflected in customers (and potentia customers)) attitudes toward
the company, Snce some of the most complex problem solving involves customer interaction.

Simulations, models, and virtud redlity provide environments for workersto experience
these contextua dimensions of problem-solving in much greater detail. Simulations provide a
rich network of sysemsin context for users to employ to help bridge new understandings with
their prior understandings of a domain. When everyday knowledge needs to be re-organized so
that people learn to see a problem differently (i.e., through the lens of the target workplace
practice), good simulations can be powerful aids, because they put learnersin situations where
their habitua modes of perceiving, feding, and responding to events are activated. When these
habitual modes of responding do not support desired problem-solving practice, smulations
often provide immediate feedback in the moment to users about the possible consequences of
their decisons. They thus alow the learner to saf-correct and try new gpproaches until they
succeed in mastering the new problem-solving practice.

Some smulation and modeling software also alows trainers and other experts to author
their own scenarios. These tools have the added benefit of preventing expertise and competence
from being “frozen” in time while the wider business and learning contexts are till changing.?*
We will examine the implications of using these kinds of software in greater detail in the third
paper, when we present illustrations of how designing and cresting models and smulations can
be used as a workplace learning tool.

Engaging workers with computer smulations and modeding can be a more powerful way
to support workplace learning. Good simulations encourage workers to learn by taking risks
and making mistakes, and they provide workers with an occasion for reflection about their
practice.> We present a successful example of how smulations have been used to support
workplace learning by involving learners in solving problems of the kind they might face on the

24 For areview of the dangers of “freezing” representations of consciousness, see Star, S. L. (1995). The
politics of formal representations: Wizards, gurus, and organizational complexity. In S. L. Star (Ed.),
Ecologies of knowledge: Work and politicsin science and technology (pp. 88-118). Albany, NY: SUNY
Press.

25 schank. (1997).
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job. Our example is taken from a company whaose function isto help other companies enhance
workplace processes: Andersen Consulting.

Andersen Consulting invests over $200 million per year in training its internationa team
of consultants. As part of their introductory training, new staff members were traditionaly
brought to the company’s St. Charles, lllinois, training facility. Hying employees to the training
Ste— in some cases severa thousand miles—and housing them for severd daysis asgnificant
proportion of the total training cost. Some years ago, Andersen asked the Indtitute for Learning
Sciences (ILS) at Northwestern University to design a set of smulations that they could runon a
computer desktop to help train new staff in key business-consulting practices.

One set of smulation software that ILS designed for Andersen was intended to teach
new hires how to conduct a requirements analysis. Requirements andysis includes a thick
description of what a newly re-engineered system is to accomplish and an analys's of the current
system. It is a core component of Andersen’s consulting practice: Without a diagnosis of how
existing workplace processes contribute to making the company’s products or delivering its
services, Andersen’ s consultants cannot expect to make recommendations for improving
workflow that can be implemented and that will have the desired effects. At the sametime, itis
easy for novices to miss important dimensions of a company’ s processes and thus generate a
faulty solution for the company, which, if such recommendations were made often, would put
Andersen quickly out of business.

ILS designed three different modules to help novices to Andersen learn how to conduct
arequirements andyss2¢ Workers complete the first two modules individudly, and the third
module by working in teamsin front of a sngle computer. The firs module presents learners
with an admittedly fictional Smulation, designed to convey the significance of requirements
andysis. Learners must construct requirements for arestaurant for “Zed,” an dien who knows
nothing about restaurants but who wants to build one here on Earth. At the beginning of this
module, learners are presented with an initid video of a scenein arestaurant, which begins with
a hogtess seeting a customer and concludes at the end of the med, when the bill is paid and the

customer’s change is returned. This scene isintended to function as a reference point for the

26 More detailed descri ptions of these modules can be found in Schank (1997).
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learners, one that shows a smoothly functioning restaurant. Next, users put in their own
requirements for Zed's restaurant. Novices inevitably leave out things (such as getting people
menus). They are then shown avideo of Zed's Restaurant as it would operate given ther
requirements. If something ismissing, it istypicaly obvious to the learner, because an
expectation they have about how restaurants function is violated. For example, if getting menus
to customers were | eft out, then the customer would not be able to order any food. When they
make mistakes, learners are given the chance to revise their requirements andysis and re-run the
video of Zed's Restaurant until the restaurant is working smoothly.

The second and third modules are more focused on the kinds of problems Andersen’s
consultants are likely to seein the fied. Userswork in teams and are presented with problems
as the company sees it and must conduct a requirements analysis to solve the problem. In the
second module, some of the work is done dready for the learners. They have access to “war
gories’ from other Andersen consultants that pop up when learners make a risky decision.
These war stories come from actua client engagements and are designed to help learners steer
toward a more effective solution to the problem. They aso have accessto a virtua supervisor,
who provides periodic feedback on their performance. In the third module, no work has been
done for them on the requirements andysi's, and the coach is increasingly demanding of
workers sdlf-rdiance. The coach is much more like ared supervisor, expecting the teeamsto
work fairly independently and autonomoudy without much outside help.

The smulations have proven to be a powerful tool for Andersen. Through the failures
that learners inevitably encounter, they become more actively engaged in solving the problems of
requirements analysis and buy into the ideathat thisis an important skill to master.?” Moreover,
the smulations provide one possible tool for reducing overdl training costs. Although ILS took
some 18 months to design the first set of smulations for Andersen, once a process was in place
at the company for designing smulations, the tota time was reduced by two-thirds. Findly, asa
testament to the Smulations success, Andersen continues to use the authoring tool provided by
ILS to design new smulations to teach new skillsto its consultants.

27 |pid.
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Structuring Participation in Collaborative Environments

The technol ogies we have reviewed thus far have been designed ether to provide a
basic architecture for collaboration to support learning core work activities. Few technologies
are designed specificdly to support learners' collaborative reflection on their ongoing work
activity. Many companies struggle to find the time to devel op tools to support reflection, even
though ongoing thinking-in-action and reflection on company activity is a core concept within
organizationd learning.?®

Within schools (K-12 and higher education), there is much more emphasis placed on
such reflection and, not surprisingly, powerful technologies have been developed to support
collaborative reflection focused on student inquiry and research that are themselves powerful
adsto learning. Cohen and Scardamalia?®, for example, highlight the unique contributions of
technology to support inquiry-based learning in science. They examined the patterns of talk of
30 fifth/sixth grade students from a single classroom in Canada as they used computer
smulaions to congtruct experiments to learn about gravity.

Each student conducted experimentsin two conditions. In one condition, students
worked in groups around a single workstation that ran the smulation Interactive Physics and
wrote down their findings using pencil and paper. In the second condition, students not only
used the Interactive Physics program but also used the CSILE (Computer-Supported
Intentional Learning Environment) database to record their work. In the CSILE condition,
students stored and organized the data they collected into acommon database. These data can
be textud or graphical and may include models or representations students have created to
depict what they know. They kept annotated notes about their work that included key words, a
title, and a“thinking type’ (e.g., “What | dready know,” or “I need to understand”) aimed at
helping sudents regulate their own thinking. In CSILE, al students can access and comment on

one another’ sideas or use a search engine to look for specific information. The design features

28 Schon, D.A. (1983). The reflective practitioner: How professionalsthink in action. New York: Basic
Books.

29 Cohen, A L., & Scardamalia, M. (1998). Discourse about ideas: Monitoring and regulation in face-to-face
and computer-mediated environments. I nteractive Lear ning Environments, 6, 93-113.
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of CSILE are intended to support students' focusing their efforts on their own and their peers
ideas about the project at hand, regulating their own and others' thinking, and engaging in deep
sense-making in the target domain.

Cohen and Scardamdia® found thet in the CSILE condition, students engaged in much
more monitoring and regulation of each others' ideas than in the face-to-face conditions. They
aso found that there was much more equitable collaboration in the CSILE condition, and
students focused more on the problems a hand in their discussion.

Thefindings here suggest some specific ways that collaborative technologies like CSILE
might support greeter learning in schools and in the workplace. Firg, they transform individua
learners ideas into public artifacts, which can become the focus of conversation, revison, and
knowledge-building. Second, these tools can enhance the way in which learners work with each
other by making visible to peers the quantity and qudity of contributions that individuas makein
the course of learning activity. Technologies like CSILE, then, could be developed in the
workplace to support the congtruction of rich knowledge networks wherein workers draw on
one another’ sideas to construct expertise and where workers can test their ideas on their peers

before “going live® with innovation and risky ventures.

Pointing Toward the Future: Technologies That Support

Multiple Learning Activities Within a Community of Practice

In each of the examples we have presented above, technology has played an important
role in supporting primarily one of the learning activities associated with the cognitive science
principles we discussed in our first paper. In our concluding section, we review two kinds of
technol ogies that support more than one of the different learning activities and that point to ways
that dlow acommunity of practice designed for learning to be built over time. These two
technol ogies provide opportunities for both forma and informa learning, and dthough they are
not complete learning solutions, they point toward an exciting future direction of workplace

technologies for learning.
30 pid.
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Multi-User Virtual Environments for Learning

One technology that supports collaboration and learning through doing are MOOs
(which stands for Multi-User Dungeon Object Oriented Environments) or MUVEs (M ulti- User
Virtud Environments). A MUVE is anetworked virtuad environment, usualy text-based,
wherein multiple users can interact in redl time while engaging in programmed activities or in
activitiesthey themsdves are designing. Userstypicdly telnet in order to connect to the MOO,
where they log on as members or as guests to the particular MOO. Early M OOs were entirdly
text-based, but contemporary M OOs and MUVEs often have a graphicd interface that
represents the virtud placein aform familiar to most users, eg., afloor plan. MUVES are built
on the premise that both place and activity are Sgnificant determinants of human learning.
Being in the same virtud place provides opportunities for creative interaction that may not be
anticipated by designers. Users themselves appropriate the environments' tools and design their
own to engage in mutua activity, which may be formally planned or opportunitic.

MOOs have higtoricaly not been given much attention in business, in part because they
have been widdy used for primarily recregtiond activities3* At the same time, many industries
have begun to explore M OOs as sgnificant media for learning and communication. Towd| and
Towd[*2 cite saverd organizations that have investigated M OOs for business purposes: the
Nationd Indtitutes of Standards and Technology; a systems administration group at
Northeastern University, and conference organizers of the Electronic Computationa Chemistry
Conference.

Researchers a SRI International have developed TAPPED IN, ateacher professiona
development MUV E designed to build professiona communities of practice for teachers across

the United States. Theideafor TAPPED IN wasto create an on-line environment where

31 Evard, R. (1994). Collaborative networked communication: MUDS as systemstools.
Proceedings of the Seventh Systems Administration Conference (LISA VII). Available http:
Hostname: www.ccs.neu.edu; path: /home/remy/documents/cncmast.html

Towel, E.R, Yim A., & Lam, T. (in press). Utilization of Internet Services and

the Teaching of Internet in Business School. The Journal of Computer Information Systems.

32 Towell, J., & Towell, E. (1995). Internet conferencing with networked virtual environments. Internet
Research, 5, 15-20.
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teachers could learn about school reform concepts, engage in informa collaboration with peers,
and find high-quality teaching resources®® TAPPED IN has invited school digtricts, school
reform organizations, and organizations with a strong background in teacher professiond
development to participate in what researchers originaly hoped would be a highly-trafficked
environment that combines forma and informd learning. These organizations provide much of
the backbone to the MUVE' s activities, but independent teachers and other education
professonas aso inhabit TAPPED IN.

The design of the TAPPED IN environment resembles a conference center. There are
four floors of virtud meeting rooms, offices, and public areas (arrayed in North, South, East,
and West wings) containing familiar discourse-support artifacts such as shared whiteboards and
bulletin boards. Asin other MOOs, members can name and furnish their own offices, create
and share text documents and WebViewers (TAPPED IN objects that hyperlink to specified
Web gtes), and post itemsin their workroom. Users can perform most design-related and other
actions by clicking on objects in the Web window. Communication is entered and viewed in a
text window, but users with access to today’ s Web browsers can navigate through avisudly
inviting environment that integrates text and graphics.

To agreat extent, TAPPED IN has been successful in supporting both the building of a
community of practice among teachers centered about professiona development and promoting
collaborative reflection on teaching practice. The environment has severa thousand members,
and alarge number of teachers have participated in short on-line courses and forma chats with
expertsin school reform. Teachers have drawn on resources placed in files and taken
advantages of professond development opportunities from notices posted in TAPPED IN.
There have been regular informd “chats’ in TAPPED IN among individua members, who meet
in TAPPED IN to have ared-time discussion or who take advantage of “bumping into” people
invirtua space. These discussions have centered about such topics as assessing student

learning, developing technology plans, and identifying effective professona devel opment

33 Schlager, M., & Schank, P. (1997). TAPPED IN: A New On-line Teacher Community Concept for the Next
Generation of Internet Technology. In CSCL '97, The Second International Conference on Computer

Support for Collaborative Learning.
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srategies—all central aspects of teaching practice in which teachers are engaging in on-line,
redl-time collaborative reflection.

To support collaboration focused about actua teaching practice, TAPPED IN aso has
a Student Activities Center, where teachers may take their students to participate in on-line
forums and other activities. One group of high school teachers from Cdifornia, Pennsylvania,
and Indiana has used the Student Activities Center to host adiscusson of civil rights with their
students** Teachers met on-line for two months to plan for the class, design student activities
leading up to the forum, and identify strategies for breakout sessons. One focus of the planning
sessons was on student assessment and eva uation. Teachers from the different states learned
that each had different criteria for judging student research and assessing the quality of on-line
interaction. In the end, the group’ s facilitator crafted a rubric that represented the joint work of
the teachers on-line.

Thiskind of collaboration within teaching is rare. Teachers are often isolated within their
classrooms, especidly a the high school level where team teaching is not widdly practiced.
Discussion about measuring the quaity of student work is an emerging and important issuein
education, but without venues for discussing assessment issuesin the context of red teaching
practice, teachers rarely have opportunities to know how to implement innovative assessment
practices in their classroom. TAPPED IN provided just such an environment for teacher

collaboration and reflection on practice.

Technologies for Knowledge Networking

Knowledge networking involves the use of eectronic links across different communities
of practice to facilitate knowledge creation and sharing.®®> Knowledge networking is often
consdered atool for knowledge management, but it is equally atool of workplace learning.
Learning, aswe discussed in our first paper, is after dl about workers constructing knowledge
together. Through participation in knowledge networking activities, workers cometo learn

34 Nystrom, H. (1998). TAPPED IN and student civil rightsforum. Converge, 1, 24-26.
35 Definition from Harasim, Hiltz, Teles, & Turoff. (1995).
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important tacit and implicit knowledge about how companies solve problems and how workers
use each other’ s expertise.

British Petroleum (now BP/Amoco) established a knowledge network aimed at helping
workers learn from each other’s expertise. BP s Virtud Team Network isamed a helping the
company develop records of know-how within the company to solve problems so workers at
remote Sites can use them as needed.*® BP created a Web-based virtua team network aimed at
alowing people to work cooperatively and share expertise remotely, alone and across teams
and organizations. All usersin the network have the capability to develop their own home page.
In many cases, Web pages have been created by experts within the company that describe their
expertise and experience. Other sites contain technical data and share information on
cost-cutting ideas. BP encourages peopleto list thelr interests, expertise, and experience. Since
the gtart of the Virtua Team Network, some 40,000 pages of information have been created.
Moreover, knowledge developed through the Virtua Team Network has helped reduced the
amount of time it takes for the company to develop an ail fidld and has cut project cogts in some
cases by 58%.5” Among other benefits of the network are alarge decrease in the cost of solving
problems involving engineers and offshore rig crews; avoidance of refinery shutdowns, and a
reduction of rework during construction projects because designers, fabricators, construction
workers, and operations staff could collaborate more effectively.®

BP s Virtud Team Network supports the building of communities of practice centered
on providing its users with experiencesin solving abroad array of problems that workers face
on the job. Users have the opportunity to devel op identities as competent members of
communities of practice by sharing their expertise company-wide. When their expertiseis used,
thisvirtua identity—made public through the company Web pages—is reinforced, and the
company has effectively drawn upon its expertise to solve ared problem faced by the
company. Through their use of the system, workers come to learn about a much wider array of

problems faced by other workers in the company than by learning only from their co-located

36 prokesch, S. E. (1997). Unleashing the power of learning: An interview with British Petroleum’ s John
Browne. Harvard Business Review, (Sept—Oct) 1-19.
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coworkers. Through the sharing of expertise, the Virtua Network provides users not only with

exposure to problems but also to solutions.

The Challenge: Designing Integrated Learning Environments

for the Workplace

In many companies, virtual and “real” communities of practice and their development
are not the focus of learning and training departments. Training courses—whether offered
through a universty or through corporate training departments—can only occasonaly provide
the support to develop communities of practice. Most courses are too short to develop a shared
history of working together, much less a repertoire for how to solve problems. In many courses
where, for instance, workers are learning a new Spreadsheet program, they may not share many
workplace practices at al. Moreover, when courses are one step removed from workplace
practice, the incentives to broaden or degpen on€'s participation in a course are often missing.
Even in successful on-line communities of practices such as Knowledge Nurture a Buckman
Labs, thelack of specific incentives for participation is a barrier to learning.3®

In our third and find paper in this series, we will take up in greeter detail how
knowledge networks can support robust learning both in formd training and in the context of
ongoing practice. Specifically, we consider how different technologies and knowledge
management drategies can support learning for two different kinds of learners: novices and
experts. We'll aso discuss how communities of practice, problem-centered learning, and
leaving traces of knowledge throughout the organization contribute to the twin ams of managing

knowledge and promoting workplace learning.

39 Comment by Melissie Rumizen (11/19/98) on in the public Meeting Room at www.knowledge-nurture.com
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