ERIC

Aruitoxt provided by Eic:

DOCUMENT KESUME

ED 325 099 IR 014 689

AUTHOR Dede, Christopher

TITLE The Evolution ~ Distance Learn:ng:
Technology-Mediated Interactive Learning.

PUB DATE Jul 89

NOTE 23p.; A report for the study: "Tecnnologies for

Learning at a Distance®" (Science, “ducation and
Transportation Program for the Office of Technology
Assessment, Congress of the United States).

PUB TYEZ Information Analyses (070) -- Viewpoxnts (120)
EDRS PRICE MFO1/PCO1 Plus Postage.
DESCRIPTORS Cognitive Style; Cooperative Learning; =Distance

Education; Educational Trends; *Futures (of So~iety);
*Information Technology; Interactior: Teacher Student
Relationship

ITENTIFIERS *Techr.ology Mediated Interactive Learning

ABSTRACT

The development of distance education will be shaped
by technological, demographic, economic, and political forces, as
well as by pedagogical insights from its practitioners.
Technology-mediated interactive learning (TMIL), a new form of
instruction, may result from the synthesis of distance educataion,
cooperative learning, and COL_ tzr-supported cooperative work. Group
process themes and cooperative learning may be increasingly
incorporated into distance learning classrooms, which can be designed
to promote a wader, deeper randge of student skills than a local site
could offer, afford a higher quality of teaching than may be locally
ava:lable, and prov.de dgreater opportunities for students to
interact. A3s distance education evolves to technology-mediated
interactive learning it will become the preferred instructional
methodology instead of simply a means of providing solutaions to
conventional teaching proplems. (25 references) (DB)

I EZ SR EEZEESEEEEESESFE N SS SRS LSS S SRS SRS S SRS SRR RS RS EEEEESEEEEEEEESESEEES]

x Reproductions supplied by EDRS are the best that can be made
x from the original document.

x

x

IR SRR ESIE S S SEEEETEEEESS S S S SEEL S S S SRS ERER SR RS R R RN SRR R EEEEESEEEEESS

b
by s ~UE




-

ED225099

U3S DEPARTMENT OF EDUCATION

Oftxce of £ and Impx t
TIONAL RESOURCES INFORMATION
ErJca CENTER (ERIC)

w‘l’ms document has been reproducec as
received trom the persor of organization
OHQINATING 1L
C Minor changes have been made IC mprove
reprouction Quaity

o Points o view OF OOINIONS 313160 1N this BoCU-
mert 00 not necassanly represent official
OERI pOSIION Of POHCY

A

2

A

~7

The Evolution of Distance Learning:
Technology-Mediated Interactive Learning

v Ay e

A Report for the Study: "Technoiogies for Learning at a Distar.ce”
Science, Education, and Transpurtation Program

Office of Technology Assessment
Congress of the United States

“PERMISSION TG REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

Chuistoption Deds

TO THE EDQUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Christopher Dede

University of Houston--Clear Lake
Houston, Texas 77058

July, 1989




This report has two primary goals. One objsctive is to provide provocative
ideas on how emerging forces external o education inay shape the future of
distance leaming. The second purpose is to depict a potential new field,
technology-mediated interactive learning, that may result from the synthesis of
distance leaming. coopsrative leaming, and computer-supported cooperative
work.

The sections below are sequencad as follows. First, the major
technnlogical, demograpnic, economic, political, and pedagogical forces driving
the evolution of distance leaming are descrised. Second, a probabia outcoms of
these advancss is depicted: the emergence of technology-mediated interactiva
leamning (TMIL) as a major form of instruction. Then, illustrative, paradigmatic
research shaping the cevelopment of TML. is discussed. Finally, as distance
learning evolves into TMIL, its likely cognitive, emotional, and maturational
offects are briefly assessed.

This think piece is suggestive of what may occur rather than providing a
rigorous forecast and asssssment. Through unalyzing interacting trends and
discontinuities external to conventionai distance leaming, a better ssnsa can be
gained of how this field may expand bayond its roots. In general, new
technologies are initially used to accomplish existing chjectives more efficiently
through traditional methods; for example, primitive distancs learning involves
conveying a scresn image of conventional classroom instruction to leamers at
remote sites. Only with experience do users recognize that advances in
technology offer the potential for accomplishing new objectives more sffectively
in innovative ways. The ideas below reflect my cumrent vision of distance
learning's long-term pctential for improving education.

FORCES DRIVING THE EVOLUTION OF DISTANCE LEARNING

The dsvelopment of distance leaming will bs shaped by extemal
techriological, demographic, economic, and political forcss, as well as by
pedagogical insights from its practitioners. Over the next decads, how will each
of these impact the distance leaming movement?

TECHNCLOGICAL ADVANCES

For at least another fiftesn years, the information technologiss will
continue to rapidly increase in power while decreasing in cost. This will have two
major effects on distance learning: the synthesis of computers and
telecommunications, and the growing affordability of sophisticated technology for
instruction.
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Synthesis Devices

Greater power coupled with the aavance of fider optics is driving the
emergence of new devices that synthesize the historic capabilitiss of computers
and telscommunications (1). Vendors are realizing that customers want
technologias combining functionalities of the talephone, telsvision, copler,
printing press, radic, and computer. As an illustration, fax machines are currently
pe,.-.ar; they incorporate attributes of scanners, computers, telephones, and
pririars. Synthesis devices are being potentiated by four interacting
developments: miniaturization, standardization, the universalify of digital ccde for
interconnecting traditionally saparate technoiogias, and the declining cost of
processors powerful enough to coordinate complex information flows.

The trend toward synthesis is a major raversal in the evolution of
information taechnology. In the past, each technological breakthrough created new |
"species” in the "ecology” of information technologies (e.g. multiple formats of :
vidsclaper: mechanical videodiscs; optical videodiscs; read-only multi-media
optical discs; write-oncs, read-many optical discs). The result has baen confusion
on the part of both suppliers and consumars: What ecological "nichs”™ will this
product fill, and with what existing species will it compste? What format will
emerge as the new (temporary) standard? How will this emerging technology
interconnact to existing devices?

~ Now, while advances are constantly occurring, mergiiig technologies
mean that the number of species in the ecology is sh.rinking rather then growing.
Synthesis devicses are attractive to both vendors and consumers as a turnkey
method for utilizing technology without worrying about the questions dslineated
above. Eventually, only a few highly integrated technologies may remain as
"information utilities,” and the computer may seldom be seen as an isolated
device (2).

Merging technologies are of great importance to distanzs learning
bscause the advanced instructional functionalities discussed later in this study
depand on devices that combine the capabilities of computers and
tetecommunications. The i nmediacy of video interaction greatly enhances
instruction, as does the ability of thie computer to simu ate, instruct, entertain, and
analyze (3). Historically, however, coupling a set of telecommunicationg systems
to a cluster of computer cevices has baeen prohibitively complex and expensive.
Synthes:s iachrologies offer an eventual resolution to this problem. However,
these »ophisticated devices will still be more expensive than either computers or
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telecommunications in isolation, so the installed base of current instructional
technologies w_: continue to be used for many typss of learning even after
synthesis devicas beceme available.

Growing Affordebility

A second major effect of advances in information technology on distance
lsarning Is the decreasing cost of powerful information technologies. To illustrate
how rapid these changes have been, a decada ago $3500 could buy an Apple
1™ microcomputer, two 140K disk drives with controller, and a Radio Frequency
Modulator to connect this system to a television set. Adjusting for ten years of
inflation, an equivalent amount of purchasing power today is $6800. For that
price, one can buy a Macintosh ™ with a microprocessor that can t.andle data
sixty-four times faster, twenty times the internal RAM and ROM memory, two 1.4
Megabyte (M) disk drives and an internal 80M hard disk, and a display included--
with seve.. times the resolution and sixteen times the number of colors.
Comparable figures can be cited for computers from other vendors and for other
types of information technologiss (e.g. videocameras, cc>isrs, printers).

These increasas in capability are crucial to the evolution of distance
leamning because sophisticated pedagogical functionalities requirs large amounts
of memory and power. The coming generations of instructional applications--
embedded intelligent coachss, easy-to-use interfacss that mimic the natural
environment, artificial realities, real-time interaction oi multipie users--necessitate
inexpansive hardware to be cost-effective (4). Fortunately, within a decade the
equivalent of today's supercomputers will be available at psrsonal computer
prices.

DEMOGRAPHIC FORCES

Distance learning is a strategy educational institutions are initially using to
- vercome inadequacies of local resources for mesting iearners' nesds. This
rationale for distance leaming is steadily becoming more important as shifts in
immigration and family structure widen the range of student characteristics. The
ethnig, linguistic, and cultural diversity of the American population is increasing
because of a move away from the "melting pot” orientation that typified the
assimilation of past generaticns of immigrants and minorities.

Simultaneously, the typical childhood has altered: In 1955, sixty percent of
American familiss matched the "Beaver Cleaver” model--working father,
housewife mother, two or inore school age children. Now, only seven . ercerit of
families fit this pattern, and no dominant family structure has emerged as a
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replacement (5). Children today are growing up with a very wide spectiim of
socialization experienceg, socloeconomic backgrounds, and adult and pser role
models; the range of personal needs and cognitive/affective styles they bring to
lsaming situations is correspondingly expanding.

As thess trends continuse, an increasing number of educational institutions
will experience difficuity in providing resourcas to match studerits' wide ning
neads. Distance learning will be seen as an important method for poo.ng
instructional capabilities in response to the growing p'luraiisrn of learners’
backgrounds and characteristics. lllustrative advantages distance leaming can
offer over conventional classroom instruction in responding to the growing
diversity of learners are:

* students with an unusual learning need (e.g. Thai as their primary

language) can be pooled into a class of sufficiert size to fund the
cost of a spacialized teacher

* courses in atypice' subjects (e.g. Japanese) can be offered by

accumulating pupils from a nun.>er of districts

+ students with visual learning styles can bensfit from thie multi-

media format of distance leaiming

* learners dealing with unusual emotional problems (for example,

incest) can form support/counseling groups in which the

technology allows greater exposure of feslings without the risks

of direct personal contact
Thus, distance leaming can aid with problenis of scale (not enough students in a
single location), rarity (an instructional specialty not locally available), and
cognitive and emotional style.

By creating connsctions between diverse groups of students, distance
leaming can aid in resolving America's emerging shift from assimilation to
pluralism. Our nation is now more a "salad bowl!" than a "melting pot,” and this
internal diversity could potentially be a grext competitive advantage in the global
marketplace. However, some students i: relatively homogensous geographic
regions will not have classmates uf different cultural, linguistic, ethnic, and
sociosconomic backgrounds--unless they hava distance learning experiences.
The deliberate use of distance leaming technologie s to overcome students’
segregation into homogeneous enclaves could help prepare the next generation
of workers for the worldwide business environment they will face.
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ECONOMIC FORCES

As Arerican corporations use advanced information technologies to
compete in the global marketplace, the industria! environment in current
organizations will gradually transferm to a workpluce built on cognitive
partnerships between people and intelligent, knowladge-based tools (6). One
characteristic of this shift will be the growing importance of teams--rather than
individuals--in accomplishing tasks. The mixiure of multiple spacializations
requisite for soiving complex, real world prcblems increasingly nscessitates a
group pooling its intellectual resources; no "renaissance individual” can hope to
keep pace with today’s accelerating advances.

This expansion of group activities as a proportion of work can pose major
problems of sustaining productivity. While in well-functioning teams a collective
intelligence emerges that is more than the sum of its parts, in many groups a
"lowest common denominator” effect predominates. Without careful guidance
and support, aggregations of individuals can easily bog cawn in a collective
overhead of intellectual and emotional miscommunication. All types of
organizations increasingly have a strong interest in building their employees'
strengths in teamwork.

Morgover, gecaraphic and temporal barfiers are emerging as a major
impediment to the functioning of these working groups. Developing a new
product for a muitinational corporation may require a task force composed of a
dasigner in Sweden, a manufaciuring anginesr in Japan, a marketing expert in
India, and a financial specialist in the United States. For this team to be effective,
bridges across distance and tiine must be created.

In response to these challenges, a field called computer-supported
cooperative work (CSCW) is developing. As described later, CSCW centors on
studying the nature of teamwork and on building tools that provide technological
support for group functionirig. CSCW's insights into collective processes may bs

valuable for education in general, given the growing interest in cooperative
leaming and situated leaming (7).

In pariicular, the tools from CSCW that facilitate bridging geographic ana
temporal barriers will impact on the evoliution of distance learning. Moreover,
because of the economic shifts described atove, all educational institutioris may
eventually be asked to produce students adept at distanced interaction. Skilis of
collaboration with remote team members will be as central to the future American
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workplace as learning to psrform structured tasks quickly was during the sarly
stages of the industrial revolution.
POLITICAL FORCES

The educational reform movement in the United States is forcing changes
in many traditional pedagogical practices. In particular, legislatures are
mandating higher levels of performance outcomes from schools, including the
provision of advanced courses (e.g. calculus, Chiness) for studants desiring that
knowiedge. This poses a major problem for small or poorly funded districts, which
have difficulty generating the internal resources to fulfill instructionat
requiraments for low enroliment clasaes and for fields with shortages of qualified
teachers.

The economic trends just discussed will intensify these challengeas. As
technological costs for the long-range delivery of instructional services dscline,
distance leaming will be an increasingly important strategy these districts can use
to respond to external requiremments for their range and depth of offerings. In
addition, as skill at distancer interaction becomes mora central to workplace
activities, political pressuress on educational institutions to provide distance
leaming situations may rise even when districts can afford traditional single-
classrcom instruction for all subjects.

PEDAGOGICAL FORCES

A final impstus to the evolutior of distance learing wiil come from within
education rather than externally: Instructors are recognizing the effectiveness of
leaming at a distance. In particular, second and third generation distance
leaming projects ars moving beyond accomplishing traditional onjectives
efficiently to using emerging technologies in effectively empowering new goals
and innovative pedagcgical methods. Distance learning classrooms can be
designed to have a wider, deeper range: of student skills than a iocal site could
oftar; a higher quality teacher than a single district could afford; and, as
discussed later, greater opportunities for students to interact than traditional
single-classrcom settings. Eventually, distance learning may be the preferred
delivery system for cartain types of instruction, rather than a fall-back approach to
be used when conventional teaching strategies are not feasible.

An important equity consideraticis in implementing distance leaming is
meking its benefits available to the entire student population, rather than only to
gifted pupils who need a specialized coursa not offered locally. As discussed
earlier, both thr growing diversi'y of the student population and the importance of
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pluralistic experiences as preparation for the global marke’place make “listance
learning an attractive option for all puplils. Adoption strategies should stress open
access to this type of instruction.
TECHNOLOGY-MEDIATED INTERACTIVE LEARNING

This study argues that the probable outcome of these interacting :
technological, dsmographic, economic, political, and pedagogical forces is the
emergence o: a new field: technology-mediated interactive leaming (TMIL). TMIL 2
Is likely to evoive from the synthesis of distance learning, cooperative leaming,

Ao

and computer-supported cooperative work. A major reason that group process z
themes may be increasingly incorporated into traditional distance leaming is the ’
centrality of cooperative interaction in the successful bridging of geographic and ’
temporal barriers. In any typs of instruction--conventional classroom or distance i
delivery--the emotional dimension is as importart as the cognitive. Similariy,

individual learning is always situated in a group context, whether students are
face-to-face or in a virtual environment.
COOPERATIVE LEARNING IN DISTANCE LEARNING

To accomplish effective distance learning, a cooperative relationship
among the instructor and all the students must first be established. This
cooperation involves muitiple dimensions, including bonding emotionally, .‘
establishing 2 shared purpose, and developing common practices of interaction
and communication. These affective and psychosocial agpects of distance 3;-
classrooms ars similar to the team building activities that underiie the emerging
corporate focus on group work.

For example, studies of scientific research collaboratio:is across barriers
of distance and time depict a series of relationship-level task stages (8):

* finding a partner

* sharing nackground information
establishing a division of labor
building trust

* sustaining progress

« determining division uf credit
Similar issues are important in distance learning settings and must be resolved
through evolving cooperative relationships based on both cognitive and affective
interaction.

Successful distance instruction depends on more than classroom
managemant strategies, knowledge of subject matter, pedagogical expertise, and
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the ability to use the technology. Creating an intellectually and emotionally
attractive "elepresencs” and building "virtual communities” of learnsers are also
vital. Biil Cosby, Captain Kangaroo, and Mr. Rogers are adspt at conveying their
humanity to viewers—even though their actual presence in the home 3 only as a
two-dimensional pattern of phosphorescant dots on a tv levision screen. Media
ctars are skilled at developing communities of fans, who share a common bond
of knowledge and vicarious experience through immersion in the same
programming. In distance leaming, selecting personat!s teachers and displaying
students’ photographs when they are speaking are early methods of developing
this type of interaction, but more powerful strategics for building 1elepresence
would enhance pupils' motivaticn and sense of community.
ADVANCES IN COOPERATIVE LEARNING
Both through research on situated cognition and through case studies of
group "learning-by-doing," educators are increasingly realizing the power of
cooperative learnina approaches. This pedagogical strategy is very effective
because students simultaneously experience 1) the active construction of
knowledge; 2) peer teaching, with its opportunities for buiiding oral explanation
skills; 3) peer learning, with exposure to good models for problem solving and
social interaction; and 4) the motivating feedback of other students.
However, cooperative learriing approaches are underutilized in tradi#onal
classrooms because Instructors often have concerns about:
* the difficulties of organizing and managing students in small
groups
* the meturity and motivation of students in « peer
teachinglearning situation
* our society's competitive paradigm stressing individual, rather
than group, achievement
Mosst teachers have little preparation in pedagogical strategies to overcome these
potential problems, such as forming groups heterogensous in abiiity and
characteristics; deveioping shared leadership and coliective responsibiiity for
individual learning; teaching collaborative shills to groups; and making team goais
interdependent, but holding individuals accountabie for performance (9).
Cooperative learning is likely *c become more common in classrooms
because of the growing use of instructional computing. Colilaborative student
groups aid in overcoming two weaknesses of the computer: They reduce the
social isclation of learning from a machine and provide extrinsic motivation
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through pser approval. The computer also facllitates organizing and managing
cooperative learning: it provides a inotivating, complex focus for the group; gives
immediate feedback on team ideas; and mediates communication among team
members.

This mediation of communication in the group is important for several
reasons. Stucants may not Lnder~tand a concept well enough to verbally explain
it, but can communicate their ideas visually ("look at this") or through
accomplishment ("watch what I'm doing”)--if a shared medium for display ard
actior: s avaiiable. Computer-aided instruction designad for cooperative laaming
can provide such a medium; examples are the "envisioning Machine" work at
UC--Berkaley (10) and the "Earth Lab" project at BBN Labs (11).

DEFINIIVG TECHNOLOGY-MEDIATED INTERACTIVE LEARNING

As ideas from cooperative leaming and computer-supported coopsrative
work increasingly are incorporated into distance leaming, a new field--
technology-mediated iriteractive learning—-may emerge. The fundamental
characteristics of TMIL are:

+ a technolcgical medium sither interposes between direct porson-

to-person interaction or provides a shared eiwironment that
shapes the process of interpersonal communication

« the technology provides tools an. experiences that enhance the

coliactive leaming of the people involved, as well as their
individual accomplishment

+ the human participants’ interaction is spontaneous

At one extrems, this definition would encompass several studants
interacting face-o-face about a technology-created experience tliored for team
leaming. At the other end of the spect.um, TMIL woul include a group of
geographically and temporaliy separated leamars communicating through
instructionally oriented computer conferencing; the Virtual Classroom project at
the New Jersey Instiiute of Technology (12) and the InterCultural Leaming
Network (13) are examples. Outside of this definition would be non-spontansous
situations (e.g. a learner interacting with an instructional designer's knowledge
through preprogrammed softv.cre) or lirkages in which the technological medium
had no specal capabilities ior collaborative leaming (such as a tslephone
conversation between students).

11
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ILLUSTAHATIVE, PARADIGMATIC DEVELOPMENTS IN TMiL

TMIL would combine two cuire .t instructional capabilities—-transcending
geographic barriers (distance isaring) ard creating flexibility in time (virtua!
classrooms)--with three arditional functionalities from computer-supported
cooperative work:

« alding teamwork (tools for collaborative problem solving)

* reducing information cverioad in group communications

(intelligsnt agents)

* enhancing psychosocial interaction (organizational interfaces)

Early CSCW research has centered on computer-aitisd design, project
managem:ant, group decision support, and electronic mail and computer
conferencing applications. The major theories undsrlying this field come from
linguictics, psychology, sociology, and anthropology.

Examining CSCW rassarch is important for two reasons. First, some idoas
powerful in Improving occupational productivity may also enhance effectiveness
in educational settings. Second, within a decada, the structure of groupware will
be infiuential in shaping me cognitive, affective, and normative quality of working
life, thereby determining the attributes educators will be asksd to instill in
students. The furdammntal ideas undetlying CSCW and their potsntial
applications to distance leaming are briefly described below.

DEVELOPING SHARED MENTAL MODELS

CSC'N research on bullding shared mental modals focuses on four types
of interactions: organizing the ideas of a team, strucwring group. interchange and
decision making, cagturing the rationales for choicas, and coordinating team
activities. Systems capable of facllitating these group processes must have
several types of features not needed in software applications oriented to
improving the performance of individuals. Implementing these features requires
that all participants in the group have workstations that are networked together so
that information can be rapidly passed back and forth

The first feature essential for group work is a window on the screen that
presents the same information to all team members. This is called a "What You
See Is What | See" (WYSIWIS) interfacs, an analogy to the "What Ycu See Is
What You Get" (WYSIWYC) interface typical of advanced text editing systems.
Any number of group members can simuitanecusly alter information in the
WYSIWIS window, and everyone's image of this shared information will be
updated immediately.

1?




In 2 meeting, when a person points to an item on his WYSIWIS scresn,
the other team membars may not be able to see where he is pointing. A
"teispointer” is a second feature central to group work that resolves this problam.
The telspointer symbol (usualiy an arrow) appears in each person's WYSIWIS
window. Any group member can move the telgpointer to indicate an tem, and all
members of the group will be able to see what is happsning. The screen interface
is "direct manipulation,” which allows groud membsrs to move icons like the
arrow by clicking on them and dragging them with the mouse (similar to the
Macintosh interface).

Direct manipulation interfaces, which mimic the physical properties of the
real world, are not only easy to leam, but also take advantage of human "motor
memory" capabilities. People can remember complex matarial bstter if its
different chunks are grouped in spatially related locations. For example, when
using a blackboard, we place similar ideas in physical proximity; people can even
remembser material that has been erased if someone points to its long-gone
location on the board. The phvsical attributes of direct manipulation interfaces
perform a parallel function «1 nelping groups use motor memory to organize
complex material.

A third useful feature is the capability of CSCW software to automatically
save the dynamic contents of each participant's windows. This provides an easy
mechanism for electronically storing not oniv the final prodi.t of a group session,
but also the detailed ideas and changes ea. . vidual svolved during the
mesting. This rich record is much more usefu: that the single set of minwuias
generated in a rion-electronic mesting; a secre*ary's notes capturs only one
person's perception of the outcome of the group session and omit many details of
the final product's evoluticn.

A fourth frequent feature of CSCW software is hypertext capabilities. One
way to represent a shared mental model is by joining related ideas (nodes)
through arrows (links). Such an modsl mirrors in many ways the associative
nature of human long-term memory, so groups find this type of representation
easy o use. The web structure these nodes and links fcrm can portray a very
complicated set of ideas and interrelationships as a fairly simple scresn image,
but the detail underlying t* * nodes and links is not lost--Iit can be accessed by
clicking on those icons. This is a powerful ‘way of revealing and concealing
complexity as the group builds an elaborate mental model.

I3




A final major feature ceniral to a team’s building such a shared web of
Ideas is ssgmenting each type of group aciivity into stages, then develoning a set
of spscialized information tcols to aid group precess in each stags. For example,
a meeting might be calied to resolve an argument that group members are
having; the team muist sither reach a majority decision or "agrae tc disagrese.”
Such a mesting could be divided into three phases: presenting ths differsnt
points of view, dsbating it:e merits and demerits of each, and reaching a final
decision. For this typs of group session, spscial "arguing” software cun be
developad that gives participants usseful tools for Jach phase of the mesting.

As an illustration, during the debating phasse, a v.indow on ths screen
could highlight somo assumptions that different proposals share and other
assumptions on which they disagree. This can help a group to clarify what an
argument is really about and also keeps team members focussed on the same
task rathe: than talking past each other. Without such tools, persenal
attachments {0 certain positions, unstated assumptions, and concealed criieria
can be hidden factors that cloud processes of cogpsration, compromise, and
group decision making.

Thus, WYSIWIS interfaces, direct manipulation and telepointers,
automatic electronic archiving, hypertext, and specialized software for different
types of meatings are all useful features for building shared mental models. Ons
example of a system with these feaiures is the Colab project at the Xerox Palo
Alto Research Center (14). Colal, i5 an experimental mesting room set up to
study how shared computational tools can enhance group problem solving in
face-to-face interactions. In the future, many aspects of Colab may generalize to
cooperative learning in classrooms.

Workplace tools for building shared mental models could easily transfer to
distancs leaming. In facs-to-face TMIL, multi-user WYSIWIS environments with
direct manipulation, hypertext, archiving, and telepointars could support a
motivaiing, complex {ocus; provide immaediate feedback on ideas; and mediate
group communication through vision and action. Also, dividing a learning activity
into sequential phases and providing speciatized tools that structure each
segment is a powerful way to manage instruction. Many of these approaches for
empowering face-to-face leaming also generalize to virtuai classroom situations
in which students must ovarcome geographic and temporal censtraints on
communication.

14
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COLLABORATING DESPITE BARRIERS OF DISTANCE AND TIME

CSCW rasearch on overcoming limits of distance and time centers on
building "organizaiicnal irterfaces” {virtual environments common to all rnembers
of a working group). To date, ths major applications deveioped have besn
oriented toward text sharing (electronic mail, computer confer ncing), project
management (task assignment, scheduiing, legistics), and coliaborative work
without face-to-face interaction. As with groups building shared mental modsls,
spacial system features are needed to facilitate this type of intaraction.

One useful feature for bridging geographic and termporal basriers to
teamwork is an intelligent agent that the user can program to filter and organizs
information. In an educational setting, sucti an agent could pre-process incoming
elsctronic mail so that messages relating to different instructional projects were
automatically groupad into their appropriate folders. The agent could
automatically answer messages proposing meetings by using a scheduling
system that accessed the elecironic calendars of all group members.

An intelligent agent's capabilities for aiding work extend bayonu
responding to messages. Journals arriving in electronic form could be scannad
by the agent for articles on educational topics of particular interest to the user,
and that material automatically filed for future reading. Stewart Brand, in his book
on the MIT Media Lab, depicts a similar "broadcatch” agent that would be built
into home entertainment centers; it could scan cable channals and automatically
prepare an evening's viewing of time-shifted pregramming (15). Such a system
offers the potentiai for information-sharing between schools and homes:
Teachers could send out detailed information on all students’ nerformance, and
parents could access--for their child--whatever portion of that data was of current
interest. The burden of independently communicating irdividual pupil's progress
to each family would be qyreatly reduced.

The Lens Project in the Sloan School of Management at MIT illusirates the
use of these intelligent agents in a research setting. Lens incorporates a set of
CSCW tools for managing electronic mail, computer conferencing, task tracking,
and calendar management (16). As with Colab, mary aspsects of L .ns ars likely
to appsar in virtual classrooms as distance learning evolves.

Another useful feature in collaborating over distance and time is digital
voice capability. Voice input allows users to fresly express ideas without the
necessity of typing, and voice cutput aids auditory learners. Moreover, this
increased communication bandwidth is valuable for conveying shades of
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meaning (such as ironic statéments) and affective overlay (anger, disn:ay); these
are quite difficuit to express ir purely textuai messagee. Two-way video would
turther extend the system's a.ility to ~onvay subtle shades of mer Yng and &
sense of social presance.

CSCW research on collaborating despite barrisrs of distance and time
generalizes easily to distance leaming situations. Virtual classrooms could ba
enhanced through organizational interfaces, message templates, intelligent
computational agents, digita! voice capabilities, and broadcatch functionalities; all
are ways to expand the range of ideas and people with whom one could
effectively communicate. Ultimately, these tools have the potential to create
virtual educationai communities in which TMIL is the primary method of
interaction.

BUILDING SOCIL INTERACTION THROUGH TELEPRESENCE

CSCW rasearch on facilitating emotional bording and social relationships
centers on creating virtual snvironments similar to human communities. The
major applications developed so far use video imaging and digital voice to wid n
the bandwidt:: of communication as much as possible, so that users can transfer
face-to-face interaction skills into the technology-mediated contaxt. However,
while many asgacts of virtual environments are similar to face-to-face
encounters, the overall communications style needed to be effective in electronic
interaction is fundamentally different.

Somao reasons why the interchange of ideas in distance learning requires
different communication methods than in conventional classrooms are:

+ information technolcgies are predominantly a visual medium,

rather than the textua' and audiiory environment of the
conventional classroom

+ the affective contaent of technology-mediated messages is muted

compared to face-to-face interaction

> complex cognitive content can be conveyed more readily in

elsctronic form because multiple represci.tations of material (e.g.
animations, text, verbal descriptions, visual images) can ba
presented to give learners many ways of understanding the
fundamental concept
Good teachsis in distance learning use different psdagogical approachss thar.
they would in face-to-face interactions for the same reasons that a skilled actor
would poriray a role differently for a movie camera than for a stage audience.
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The Cruiser project at Bell Communications Ressarch and the
Conversational Desktop project at the MIT Media Lab are two illustrative
sxamples of work focused on exploring these subtle factors underlying
telepresence. Cruiser is a multi-media vehicle for ¢acial browsing; the metaphor it
builds on is the virtual corridor (21). This system uses office-based video
rameras and software tools 16 creste “proximity enhancers” that allow people in
differant locations to behave a if their offices were "just down the b3 from each
other. Users at their workstations an image and browss a world with virtual
comidors; one can view the interior of otfers’ offices to ses who is avallable that
might help with a particular proeblem. Someone who temporarily wishes to be left
undisturbed can draw their e:astronic "privacy blinds." Such situated cruising
makss possible spontansous, real-time exchanges among groups of pgopie
gecgraphically separated, helpirg them to form and maintain working teams.

The Corwversational Desktop prototype at the MIT Media Lab carries this
idea still further; the computer becomes an intelligent partner in mediating human
communication (22). This research is developing a system that provides both a
communications web (like Cruiser) and a iilter between the user and the social
environment (similar to Lens). Each parson in the Conversational Desktop qroup
interacts with other team members through an intelligent device that recognizes
spesch, takes messages through digital voice input/output, iilters phene calls,
scans databases (weather, tratic, airport) to aid human planring, and schedules
mestings.

In this system, users through their intelligent agents can exert a great deal
of control o ar their social environment. As a illustration, the computer can bs
pro . ammed so that, when a person is holding a mesting, some team members
have sutficient priority to interrupt a user's face-to-face conversation with a
teiephone call, while others do not and must instead leave a message with the
"phone slave.” The intelligence, telepresence, and aven "simulated parsonality”
of each uset’s device creates some interesting value-laden issues in terms of
what type of relationship to establish with a socially aware machine. The
Conversationai Dasktop pushes the limits of how far people might choose to go
with virtual working communities.

CSCW research on telepresence is important for distance learring. As
discussed earller, technology-mediated instruction requires emotional bonding
and team building among teacher and students, not just cognitive exchanges.
Learning is affective—-not just cognitive; situated in 2 human enviroriment--not
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decontextualized; driven by motivational readiness--not just by receiving stimuli
through the senses. Because they enhance social presence as well as facilitate
information exchange, proximity enhancers, virtual corridors, situated cruising,
natural languags input/output, telepresence, and inteiligent agents are al!
promising modalities o increase the effectivenass of distance iearning.
EMOTIONAL AND MATURATIONAL SHIFTS CREATED BY TMIL
The reader may feel uneasy at this point, wondering what the long-range
interpersonal effects may be of the advanced technologies this study describes.
Little is known about the affective and social effects of sustained technology-
mediated leaming, and research into this topic is only now beginning. The
provision of dedicated funding for evaluative studies of issues like telepresence
weuld be an important role the federal govrmment could play in advancing our
ability to assess these techinologies.
Informally, | can speculate about some likely positive and negative effacts :
of TMIL. As an example of beneficial outcomes, | suspect that time-shifting 1
communications (as occurs in computer conferencing systems for virtual ‘
classrooms) will increase the involvement of many learnsrs who do not function
well in conventional classroom settings:
* students who are less adept socially can use the limited
bandwidth of textual communications to interact more efiectively
with others
* pupils who are shy can be more expressive, given the privacy
and relaxed pace of madiated communication
* peopis who are less assertive or who are methedical can
formulate responses at their 'eisure, rather than competing with
others who jump in the instant a speaker has finished talking
* students who are quite emotional can temper their immediate
responses by waiting to send raplies
* people who wish to skim the messages of cthers rather than read
in detail can do so (saving considerable time over the forced
listening to an entire communication that takes place in real-time
verbal interaction)
* all users can benefit by being able tc communicate
simuitansously, rather than being limited to the sequential "air-
time" dictated by face-to-face interaction
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* all users will enjoy the comfort, convenience, and ac sess of
interacting from their individual environments, rather than
gathering at a common place of minimum mutual inconvenience
+ all users will maturationally benefit from exposure to a wider
range of cognitive, linguistic, cuitural, and affective styies than
they would typically encounter from a purely local group of fellow
students
Research that establishes which (if any) of these speculative outcomes actually
occur will be valuable in the design of future virtual environments.

This discussion of positive outcomes is not to suggest that everyone will
like virtual environments more than conventional classrooms or that face-to-face
educational interactions will largely disappear. Students congregate for
instruction for many more reasons than that their teacher and desks are in a
particular location. Similarly, forecasts that telecommuting would replace traveling
to the office have so far greatly overestimated the potential of electronic cottage
industries because they underestimated the emotional and social aspscts of
work. For each individual, understanding the optimal balance between dirsct and
virtual interaction in learning and working situatic 1s will be important.

I can also hypothesize potent.al negative outcomes from technology-
mediated communication. As an illustration, intelligent agents that filter social
interactions can create the following types of business probisms:

* a user may not wish to attend all mestings for which someone

8lse wouid like to schedule him, necessitating hidden calendars
that refiect a greater willingness to meet with soms team
members than others

* a person may resent being given a lower priority than a colleague

to interrupt with a phone call a team member's face-to-face
conversations

* a team mamber may be very disturbed if he finds that a group

member's intelligent agent has been instructsd to dump his
messages unread (nowever valid that assessment may be})

Similarly, the real reason why a design decisior. 1as been made (e.g.a
particular person may not capable of teaching a complex course) may be
politically unfeasible to document 3r open inspection. People may use intelligent
agents to filter their environment so effectively that they are never exposed to
new ideas. | may not always want to interact with someone else's personality

o,
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simulator--at times | might prefer a stupid answering machine. Certainly, ! will
occasionally want to leave my desk and walk around, even if | can instead stay
put and wander in a virtual world. Unless TMIL environments are carefully
designed, these negative workpl. -2 responses to CSCW are likely to be
duplicated in distance learning settings.

Some people strongly resist being forced to modify their interparsonal
style to work (or learn) with a group using technology-mediated communication.
Ultimately, part of why CSCW approachss increase team productivity and
effectiveness is that they constrain the range and style of interaction, thereby
minimizing miscommunications. However, peaple limited to a small set of
responses mzy view such systems as ethically "facist” and strongly oppose their
usage (23). Similarly, if the positive consequences of TMIL ars to outweigh its
negative side-effects, developers must strike an appropriate balance between
constraining individual flexibility and providing a common group framework.

Just bacause a device is technologically and economically feasible does
not mean that it will be ised. The lack of demand for picture-phones is a classic
example of how pacple will not adopt a feature they perceive as eroding an
attractive attribute of a technology: Users don't want to get dressed up to talk on
the telephone, the, often want their facial expressions hidden, and they may
choose to secretly simultansously conduct another activity while appearing to be
engrossed in (to them) a boring cunversation. To be adopted, enhancements to
existing distance learning technologies must be incremental, as tailorabls by
users as possible, and allow a range of alternative communications options.

CSCW researchsrs are well awars of the concerns about affective and
social consequences just discussed, and their work reflects the synthesis of a
number of fields (computer science, economics, cognitive science, sociology,
anthropology, education, psychology) in addressing these issuss. For those
interested in a recent overview of CSCW, irene Greif's edited compilation of
articles is an excellent starting point (24). Ideas from CSCW should be very
valuable in helping distance leaming developers rot "reinvent the whesl" in
adopting new functionalities.

Ultimately, whether TMIL creates a global village for learning or an
unattractive world of weakened emotional bonds and social relationships
depsnds on our actions over the next few years. A nagative scenario for virtual
environments and artificial realities is certainly plausible; an excellent example is
William Gibson's novel Neuromancer (25), which has spawned an entire genre
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("cyberpunks”) in szience fiction. However, if we think through all the
consequences of our design decisions and carefuliy monitor shifts in
interpersonal interaction as they emerge, TMIL can be a very poweriul tool for
improving the quality of education.

CONCLUSION

This study describes how our present dslivery of instruction over distance
could become an even more powerful and useful educational medium through
incorporating ideas from cooperative learning and computsr-supported
cooperative work. Today, leading-edge approaches to distance learning are used
in selective sitations to overcome problems that conventicnal instruction cannot
address: scale (not enough student.s in a single location), rarity (an instructional
specialty not locaily available), and learning style (visual, emotionally muted). s
cument conceptual challengss center on how this medium is different than a
traditional classroom: vicual rather than textual and auditory, scaled-down in i*s
affect, able to convey compiex cognitive material through multiple
representations.

As distance learning evnlves 1 technology-mediated interactive learning,
it will become the preferred delivery system for certain types of instruction, rathsr
than a fall-back approach to be used whsn conventional teaching strategies are
not feasible. Distance learning classrooms can be designed to have a wider,
deeper range of student skills than a local site could offer; a higher quality
teacher than a single district could afford; and greater opportunities for students
to interact than traditional singia-classroom settings. By overcoming pupils'
segregation into homogeneous enclavss, distance learning can enhance
pluralism to prepare Americans for compstition in the world marketplace. All
educational institutions will prepare s*udents adep* at distanced interaction, for
skills of collaboration with remote team members will be as central te the future
American workplace as learning to perform structured tasks quickly was during
the early stages of the industrial revolution. Students' isaming environmants wil,
expand from the classroom to the world and from individual insight to collective
intelligence.
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