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THE COLLABORATIVE
VISUALIZATION o

ow wiil learning take piace
as we enter the next cen-
turv?

It seems necessarv w0
focus broadly on new
modeis for learning that
transcend the annquated

concepuons of educauon found in
most formaily organuzed classrooms
and training sites. Rather, we must
focus on unaerstanaing and

sup-
porung learming in enureiv new
wavs, with vitai attention to the skills

of sodiai interacuon ang parucipauon
in new acuvities that currentiy consu-
tute life-long learming in working
and living communiues. In contrast
to leammg vefore-aoing, wnich is the
mode! of most educatcnal setuings. |
wouid like to encourage attenuon to
what [ cal T
Learning-in-doing s 2 model
wnicn learners are increasingty
voived In tne autnenuc practices of
communities tnrougn learning con-
versauons and acuwvities involving
expert pracuuoners, educators, and
peers. A prototvpe exampie has been
the National Ceogmpmc Society
KidsNet Project. in which children in
thousands of elementarv schooi
classrooms investigated acid rain in
their communiues. pooied their data
Qver nelworks, ana carried out in-
quiries adout wnv regionai differ-
ences occurred in their data i3]. The
quesuons the students addressed
were current concerns in scientific
pracuce, and they iearned scientific
concedts, research strategues, data
collecton. and analvsis techniques
througn the doing of science rather
than being taugnt about science as
observers. We thus sece sdence
learnea by pamasanon ratner than
preparason.
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‘earmung-in-doing.
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Learning-in-doing reguires inter-
acuons among groups that traditon-
ally have been separated by the insu-
tutional boundaries of work and
school. Advances in high-perfor-

mance computing and communica- -

tions {9] offer enurmous potenuai
for linking these communities in
wavs meaningful for learning. Bv
coilapsing spatio-temporal barmers

through the construction of distnb- -

uted muitmegia learning environ-
ments. we may enaoie greater inu-
macy and authendcity in the learning
process. Such tecnnologies can be
used to faclitate the return of suc-

cessful learming modeis that existed

prior to formai schooiing, such as

apprenticesnip and leng-term men- -

onng.

Bv fundamentaily reiving on in-
formation networks and remote mul-
umedia services. distributea muiti-
meaia iearming environments.
DMLEs. extena teacning, learming,

or '

and materiai resources bevona the -

limits of individuai classrooms (10].
Network and muitimeaia tecnnoio-
gles otfer opportunites (0 Increase

the informauonai and interacuonal :

world of the learner through access

10 diverse datapases. tne possibility of

coilaborauve projects with remote
parucioants. and access to a wide
group of experts and others with

whom the learner can engage in con- |

versation about a subject area, task.
or project. While such expertise is

now geograpnicailv dispersed and
isolated. an increasing interconnect- ‘

edness of learning environments 1s
inevitable,

The CoVis Project a5 a
DMLE Exampte

The funcuonaiities of
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being demonstrated in a new" I'ugh e

schooi-based Natonai Science Foiths

dation project on Collaborative Visu- '

alization we are conducting at North-
western  Univeruiry.! We  wiil
developing and studving a “testbed”
consisung of an advanced network
that integrates teiecommunications.
muitimedia computing, and new col-
laborauon software for state-oi-the-
art invesugauons of the potendals of
collaborauon and scentific visualiza-
uon technoiogies for supporung sa-
ence learning and teaching. This net-
work wiil inidaily include two
Chicago-area high schools (Evanston
and New Trier), university scienusts,
science museum ang science curricu-
lum resources. learning researchers
from three insuwutions. and a
broadlv based group of science

,be‘

~

:eachers througnout the U.S. de--

voted to fostenng project-ennanced
science iearming.

The CoVis project reiies on inno-
vauve partnersnips with Amentech,
Bellcore. The Expioratorium Science
Museum. University of lllinois. Ur-
bana-ChampaigrvNational ~ Center
for Supercompuung Applications.
ScienceKit Inc.. Technical Education
Research Center. and the University
of Michigan. Our project vision is to
establish coilaborauve technoiogy-
learning environmenis. or “collabo-
ratories.” :hat enabie project-

. enhanced science learning among

remote  project parters using ad-
vanced telecommunication networks.
This project deveiops thé learning

'Louis Gomez ot Beticore and Elliot Soloway of
the Universiee of Mi -serve i3 Co-Princ-
pal invesngatorsiof the CoVis Projeci all con-
mbumat our DArMeTIAID HBBtutions EANOL

|«be: listed.-but .orojeat reports can um

DMLEs  are’s* {pca@nwu.eaul.
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perspecuve known as Protect En-
tancec Science Learning (PESL,
~NICA 15 Dased on learners engage-
TENLS 1N JULNEnNC SCIeNULiC inquines
‘nrougn apprenucesnio. Tradiuon-
adv. suca tnguiry has been enapled
OV avmamic interacuons among
learners and a teacher who are in
close phvsical proximitv. Yet scien-
ufic ana business work group prac-
uce using Internet and high-bana-
width services recognizes that not ail
partners necessarv 10 an interaction
can l?e coiocated (6]. This project
uses tronter technoiogies to extend
the collaborauve reach of educa-
uonai

arrangements to inciude
wideiv dispersed experuse among
‘earners. teachers, scienusts. and

~ultimecia svachronous (MUMMS)
iDplicauons to be developea. Sharea -

~0rK spaces and two-way audio/video
connecuons allow tor coiaborauve
isuaiizauon of science phenomena.

. daa. ana models througn tecnnoio-

|

|

.earning researchers. For exampoie, -

our coiaborauon with. scientsts at
‘he Natonai Center for Supercom-
puung Appiicauons provides learn-
ers with access (o subject-matter ex-
perts. visualizauon toois. and vast
darabases 1n the field of aLmos'phcnc
saences. Students wiil work coilabo-
rauvetv in project invesugations on
tODICS SUCh as severe SIOrms; weather
forecasung; swudv of air masses.
weatner tronts. and air pressure sys-
tems: ozone depieuon trends: and
global warming.

Focusing on Collaborative
Visuanization

8ecause ot the nature ot the subject
marer. and the goais ot our modaeis
‘or learning, we have extended the
educauonat media bevond text-oniv
asvncaronous email. as in Nauonal
Geograpnic Society KidsNet, to in-
clude iocai- and wide-area muiun;c-
dia networks. Such broadband net.
~OTrKS. I OUr case a combinauon of
onmarv-rate |SDN and HDSL.? en-
ible n:gniv interacuve communica-
tons wun rich media exchange
among learming partners througn
the impiementauon of the muituser

TPrimarv.access rate ISDN is the ievet of Ince-
Zrated Services Diqiml Networx service that
oroviges 23B + D channets (where the bit rate
Jor eacn cnannet 13 64Kb/s). wnich can e con-
igurea to sUDDOrt 2udia/video ana sharea-data .
:etephony. HDSL. or High bit-rate Digital Sub-
scnoer Line, 18 2 relanvety new technoiogy
which Drovides digii connecuwity without
fiber. {t ailows transmuiuon over cooper-of
repeateriess T1 uarfic (i.e.. [ 344Mb/s over 2
sairy for uo to 12.000 feet from the centrat of-
Gce. See (7).

gies that provide the opuon for
“What You' See Is What [ Seg”
(WYSIWIS) functionalitv. but that
aiso allow private work spaces.

Scienuiic visualization technoio-
gies, now commoniy used in the sa-
enufic research community, provide
for much more intuuveiv compre-
hensibie representations ot compiex
numencai data used in the research
acuwvites of sclences such as meteor-
oiogy, oceanography, molecuiar bioi-
ogy, chemustry. and astropnysics (13].
Collaborative versions of these tech-
noiogies wiii allow scienusts to estab-
lish reai-ume audio/video connec-
uons wuth their colleagues. in the
context of the shanng of computer
windows across the network in which
sclenufic data and modeis can be
pointea 0 and discussed at a dis-
wance. Codaberative visugizagon thus
refers to development of scienufic
knowiedge which is mediated by sa-
enufic visuaiizaton tools in a coliabo-

i

rauve context. The CoVis Project .

seeks (0 understand how science

- educauon couid take broad advan- -

tage of these capabilities. providing
Touvaung experiences tor students
ind teacners with contemporary sci-
ence tools and LOPICs.

We wii be crafting new software
appiicauons—a Collaborauve
ence Workbench and Science Learn-
ing Resource Directory—io sustain
collaborauve visualizauon acuvites
across remote ciassrooms and other
sites  lor  dav-to-day.  project-
ennancea science learming.

. wiil inctuae informai video confer-

i
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encing (3] fa vanant of Bellcore's
Cruiser ™ application, scienufic visuai-
ization toois in reguiar use by re-
search scenusts (11] (such as the
NCSA Samaric  Visualizanon  Tool
Suite, ana Wxmap for customizable
surface weather map dispiay®), and.
most centraily, shared communica-

*To obain e NCSA sottware. use FIP
141.142.20.£0.. or for 2 canliog, senga etecron
mail (0 aocoraen@ncIa. muc. edu.

Sa-

Fune- :
;10ns to oe modified for stuaent use

T -
tion windows and a coilaboratory
notepook that wiii support research
pnases in PESL in which project team
parudpants rerine quesuons and se-
lect project topics, design procedures
for data coiecuon. negodate and
document_studv objectves, coilect
data. and ¢onduct sense-making ac-
dvities with their daw. cuiminating in
resuits such as a muitimedia report
of the resuits of their project investi-
gadons.

The CoVis Project seeks to deter-
mine the potentials of -high-band-
width networking for the design of
future disoibuted muitimedia sd-
ence-learning enviornments. just as
banking was a place-based acuvity
unul the advent of ATM machines,
science education is now largely a
place-based acuvitv. Emphasis wiil be
placed on geographically dispersed
teams of students. working together
to accomplish tasks associated with
saence project invesugations, with

teachers and scenufic mentors as
.guides. Computers and eommunica-

tons technoiogies are integrated to
serve the learning enterprise. As the
next decade brings reiatively low-cost
networked muitumedia interpersonai
compuung (o an increasingly wider
market. we hope CoVis Project find-
ings will guide the effecuve use of
interpersonai coiiaborauve media for
sclence equcauon.

Our current designs for the CoVis
testbed as a DMLE utilize advances in
a number of areas of computer tech-
nologies, consumer eiectronics. and
telecommunications. They inciude:

¢ Coder-decoder (or “codec”) tech-
nologies using signal compression
chips to provde for the complex

conversion Of informauon-dense

analog audio/video signals into digi-.

wai informauon for two-way muitime-
dia communicauons. Developments
in compression aigorithms, in inter-
frame and intraframe processing,
and in spedaiized hardware have
been rapid latelv, aithough fuil-
motion video rates of 30fps are elu-
sive. As of Decemoer 1992, industrial
codecs have just dropped to the §10
thousand range. Many compames
have announced or reieased desktop
videoconferenang systems. In the
CoVis Project. cach worksuation in-
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cludes a coaec ‘or the auaiosvisua
components ot CoVis “catls” among
remote paruicioants or groups. ke
coliaborauve. snarea winaowing ana
notepook aspects of CoVis connec-
tons are hanaled over a “virwa
ethernet.” or WAN infrastructure.

¢ The WAN infrastructure inciudes
the various teiecommunication net-
works used in the Collaborauve Visu-
alizadon connecuions.  such  as
NSFNet. and high-bandwidth rates
over local and long-distance common
carriers up 0 1.3Mb/s.? [n the CoVis
Project, these broadband services
support our technical needs for re-
mote team members to engage in
audio/video conrerencing and 1o use

- smail IMT device (interacuve muiti-

Jur CoVis Project expiores tne
3road range Of architeclures to sup-
cort iearning that wiil be made possi-
5le bv wideiv avaiiable rich informa-
‘ion networking. imagine QrTving a |

media technology) around with you
that 1s ISDN reaayv. and like an ad-

- vanced ceilular pnone. you can call |

. out or be cailed. But tnstead of con-

necung oniy (o voice, you n con- |
nect to audio/video conferenang and

* shared-daia appiications. You can !

visualization graphics le.g., weatner -

maps) in* sharead data windows as
“conversauonai props” for their coi-
laborauve invesugauons.

* Switching technoioqies enabie soit-

ware appiicauons in DMLEs to make
the connecuon to specific addresses
in 2 network for remote servers or to
other users, and enable data flow and
access controi. [t is one thing to pass
around video within a LAN to net-
work addresses. quite another to sus-
@in full wide-area. nauonai. point-
to-point, and  point-to-muiupoint
connecuvitv. The CoVis Project uses
the public-switched te:ecommunica-
uon Infrastructure of current ana
pianned services to enaoie connec-
uon management tor the meaia-rcn
conversauons among parucipants in
the CoVis project coilaborauons (1].
® Muitimeaia servers of
kinds wiil be used in the CoVis net-
work testbed sites. depending on the
site and applicaton, 1nciud{ng CD-
ROM. videodiscs. jukeboxes. and
@gabi hard-disk drives for stonng
sottware-oniy digital video.

various .

& Multimedia-capable personai com- -

puters with intertaces to communica-
uon networks piay an essenuai roie as
the CoVis worksaauons.

‘Longaisunce carmerss AT&T, Sonnt. ang
MCL and many of the larger teicos have an-
oounced therr pianned introgucuon dunng
19?25l993 of the very fast SMDS (switcned
nuiumeamt data servce), wnich wili orovide
broadband speeas of 155Mbvsec ana up iater 1n
this decace. '

‘Beilcore s Tounng Machine sottware witi han.
dle the comoiexsues of connecnon management
among CoVis utes.

find parues who have the same inter- !
ests as yours and who wish to work
on learning projects together. You
can engage in diverse workgroups. as
1 tele-apprenuce. teie-mentor. or |
memoer of a tele-taskforce {7].%

Our observations and discussions
with learners. teachers, and discipiin-
ary sdenusts who use prototypes of
our software appiications over the
course of the project wiil serve as the
basis for the ongoing parudpatory
design of authentc science-iearning
architectures that enable coilabora-
tive visualization of science in action.
These learning environments wiil |
provide pedagogy and sodai proto-
tols that authenuocate the science-
learning expenence in classrooms. .
with the potenuai for links to homes
ind work environments. The out-
comes wnich we seek, based on more
vaiid pertormance assessments that
are a resuit of students’ network and
schooi-Daseq interacuons, are greater -
mouvauon to iearn and enpanced
sclence iearning.

scaling Up DMLES ;
How wiii progress be made toward !
the universai informauon network- :
'ng that DMLEs require? As we see !
the merqing of computers, consumer
etectronics, telecommunicauons. net-
work and cable teievision. and media .
publishing, the contribudons (2] of |
diverse industry sectors to these new |
technological deveiopments make it |
unceruin how market forces wiil |
support the deveiopment of DMLEs
over the next decade. But low cost
and wide avaiability is likely. Expec-

*You cousd aiso Giai up and browse mwameaid
services. erecuOnK Magannes. and plav widi
egutainment ana virtual reaury arcaces that |
SUPPOM learning, athougn these uses are nNo¢ |
in emphass in our work.

:adons are high for large-volume
oricing of the requisite muitimedia
PC commodity boxes that consumer
electronucs companies such as Sonv,
Philips. Sharp. Casio, Toshiba. and
computer companies such as Appie,
[BM. and Hewiett-Packard are en-
tering the marketplace to provide.
These “information appiiances” inte-
grate desktop productivity applica-
tions with telecommunications. fax.
and other functions. For network
and common carriers of these infor-
maton packets, broadly divergent
infrastructures are under develop-
ment.

The vear 1992 was dense with
news of joint ventures and negoua-
dons. First, there was the important
U.S. Congressional legisiaton. S.
272, sponsored by (now Vice Presi-

- -

i dent) Albert Gore, authorizing about

33 billion in the High Performance
Compuung Bill of 1991 to facilitate
the development of a Nationai Re-
search and Education Network using
high-performance computing and
communicagons (o create the na-
tional data highway for digital com-
munications across universities. As a
resuit of substanuai educator and
researcher enthusiasm and lobbying,
K~12 schools were also included.

[n other developmenwus. long-
Jistance and local telephone compa-
nies are seeking to use codecs to
ailow tor muiimedia communica-
tions over exisung copper wire, (0
acceierate the pace of fiber opuc in-
stailation repiacing copper. and to
receive FCC approval to produce
and not oniv distribute muitimedia
informauon services. Cable system
operators. in some cases in coopera-
tion wuh telephone companies, are
deveioping switching capabilities to
take advantage of their broadband
infrastructure. The prospect of in-
teractive video services has led to
widely touted negotiations between
computer companies and natonal
cabie system operators such as IBM
and Time-Warner, and Hewlett-
Packard and TV Answer Inc. (a wire-
less data service company). The
major cellular<telephone  carrier
McCaw is teaming with Oracle, a
leading database software company,
to deveiop FCC-proposed. one-way
radio-based data network services
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hat wowa “rizgyvack” digitai sig-
2als on emisung rzcio transmissions.
at fast razes of i.3Mb a secona. Wire-
.38 Droaccasung svstems (o be of-
{ered 5v new joint ventures from
[BM-Motoroia and BeilSouth-Ram
Broadcasung carve out vet another
opuon.

How tnese opuons wiil deveiop as
distinct markets and services is anv-
one's guess. Video on demand (TV
and movies), educauon and training,
home srooping, banking, informa-
uon services. food and service order-
ing, ana 7ame snow paruapation are
among e appiicadons touted as
likely. Many of these funcuons have
broadbana one-wav, and narrow-
band intemction (controi. audio) re-
wrmng rcm the user. The open
quesuon s net whether high-band-
width (1.2Mb and bevona) and mul-
dfuncucnai digitai services can be
provided. but how such services wiil
come (0 de structured. architected,
and pricea to meet nauonal learming
needs, Ziven concrete experiences in
learning snvironments with different
software 1ppiicadons and uses. But
the comoeuuon in this generai area
Of consumer eiectronics for interac-
uve muitmedia using teiecommuni-
cadons cannct but heio the speed
with ~nien DMLE  uncdonalities
Secome :vatiabie o e nauon’s
.earners.

The crallenge of EStEDﬂShing

Effective Peaagogy for DMLEs

After :ne creauon of hardware and
sottware arcaitectures for DMLEs.
the centrai and pernaps more ciffi-
cuit issue 1s how to make acuwvities
using nem most supporuve for
learning. 3evond the datbases and

muiumedia archives. what use sca-

roles for texcners as guides ratner ¢

nan as autnorues challenge exisung

ciassroom practices (12). While there
s a high leve: of recepuvity and opu-

. mism for e use of teiecommunica-

uens and comouter technoiogies in
schoois througnout the US.. the
pedagogicai modeis on which this

. enthusiasm is tased are greauy var-

ied. ranging from learner centered
t0 teacher centered. While this diver-
sity of learming models is not prob-
lemauc in ang of itself. it makes it

. difficult to coordinate support for

natdonwide technoiogical resources
and infrastructure. Since schools are
notoriously underfunded, it makes
sense to plan, perhaps through fed-
eral policy, for 2 nationwide techno-

; logical infrastructure. What is the

risk otherwise? The answer is that
schoois wiil become locked in obso-
lete technoiogies that limit the iearn-
ing potenuais of iearners. It wouid be
wise to0 highlight such issues in the
evolution of current arguments (4]
on which reguiatory poiicies for elec-
Tonic media wiil best serve the public
interest in terms of the First Amend-

ment provisions on access to infor- :

magon. Surety the learning needs of

© our nauon wil be among the fore-

most beneficianes of a sound poiicy.
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nanos :icross sewngs of learming -

ranging {rom schoois to homes to
community centers, wil take best
advantuage of the opportunities these
Tediz-rich

new communicagon
media may offer?
What pecagogical models  wiil

need to be deveioped for DMLEs to
be successfully impiemented in
schoois and other learning setrings?
For exampie, experience aiready
suggests tiese modeis wiil require
extensve comsmiuments tor teacher-
protfessionai deveiopment, since new

The opunions

ex- !
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