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MISSION: TO SUPPORT THE PURPOSERUL USE OF NEW AND EMERGING TEGHNOLOGIES
- TO IMPROVE TEACHING, LEARNING, AND $CHOOL MANAGEMENT
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, . I am pIeased ‘to share wnth you the |naugura| issue of IN » SIGHT
' -an annual publication: focusing on promising new and emerging
technologies and what they might mean to the future of K-12
_ schools.. My teani.and | spent a great deal of time thlnklng about an
. -appropriate title for a publication that would provide a forum for
' . - ideas about how technology might, in the not-too-distant
Lo B Afuture, impact our classrooms while providing a glimpse of .
what is currently possnble IN » SIGHT, then, is intended to be
both the presentation-of thought—provoklng articles by
|nd|V|duaIs who discern the true nature of some key
- technologles and the presentation .of related work
currently under way in schools and classrooms, work
that demonstrates that these ideas are in s:ght of”

' mainstream educatlon -
R _ . , . . N

‘ " We at AEL are proud to hold a national
leadership desngnatnon in educatlonaI technology for
the US. Department of Educatlon S reglonal
educatlonal laboratories. INWSIGHT is an |mportant
vehicle for our leadership efforts, and we are
committed to helping educators understand and plan

_for the purposeful use of new and emerglng
technologles in schools.

We believe that vision and ie.adership are
- . inextricably linked,’and we hope our publication

~

conveys this belief. Perhaps.no one understands this
T concept better than M.C. Escher, and we are grateful

;. - -~ toCordon Art B.V.— Baarn - Holland for permission

to use Escher’s Fish and Boats to express this idea

so beautifully. . L.

Lo %' M’

Dr. Tammy McGraw

T Chief Executive Officer L
oo . " IAETEat AEL .
. : . : " L -~ o1
- . megrawt@iaete.org
Pictured from bottom to top; Tdmmy McGraw, Editor in Chief; Krista Burdette, ", '
: Managing Editor; Carla McClure, Senior Writer; Virginia Seale, Copy Editor; . . .
. Saral Marchio, Copy Editor; and John Rgss, Web Producer. Not pictured: ‘ L L R
- l Mardell Raney, Executive Editor, and Richard Hypes, Art Director. ) " ’ - )
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CUSTOMIZABLE CONTENT

Walter Koetke, M.A.

(

Walter Koetke gives hope ;o educators who wonder how it is possible to

provide individual instruction for all children. One I;ey element necessary to

meet the individual needs of children is the ability to customize content for a {
wide variety of users. Over the last several months, we have been exploring

the idea of electronic textbooks. We invite you to look at the Leadership -
_section to see how we have applied imperceptible digital watermarking

technologies to a promising model for an interactive textbook.
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B r’, Walter Koetke, MA

: =\ __lath teachers éxcitgcr about the presentation
growded the classroom. All were attending on their own tim\e after a full day of
tea‘ching: Th'é\presenter began by showing how he used a Teletype time_-shari‘ng
terminal as a-particularly effective way to teach graphing to be‘ginningv algebra
students. The ;Felet)\jpe could print only text ch'aracters, and it did so very slowly.
The special overhead projector (wlich displayed the ouiput on a screen as it
swas printed) created so much heat that teachers sitting near the brojector were

. .uncomfortable. But the teachers’ enthusiasm gréw. They understood what they

saw, and th‘éy immediately started sugg'eéti,ng additional topics that might 'b;a |

better téugf‘ItFWith this tech;no\logy. They had né doubt that doing so would

increase students’ understanding of grapfis and their applications.
- :

The time of this presentation was the Iaté 1960s. History Shows that:the
-exemplary teaching demonstrated that evening was never implemented ih'many
‘classrooms. The.cost of a ﬁme-sharing terminal was high. A single terminé! in a
cl'aés of 35 students limited use to demonstrations; students could not realfy use

it on their own unless they spent time before or after school. Teachers had to
~ - ’ Va , - .
create their own materials on their own time because none had been published.

~

The slow speed of the Tellet)"pe required several minutes to print each graph.
4 .

One could add several additional good reasons why this technology was never

K |
, .

widely used inschools.

\Ns
Ten years later, the same demonstration was given using a personal

compufer rather than a time-sharing system. Speed had improved and the cost

<
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The point of this
bit of history is
not that schools
' resist 'change,
but that the
‘development of
eﬁecilve new

technology is not
’ change. That
technoltogy must

. affordable,

materials, and

accompanied by

teacher training.

Q

~enough to

guarantee

A}
teaching

appropriate
’

”
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widely available, -

supported by

,
’

had dropped. Monitors had replaced the TeIetype but they were still text-based.

Most of the other reasons that math educators had not adopted a better “way of

teaching graphing continued to be valid.

'

In the late I980s\,-after another 10 years had passed, the demonstration

was given again User interfaces on personal computers were graphic rather N

{than text-based, processing speed was much faster, and costs were Iower -

Mathematical programs like Derive and Mathematica made it easy to create very
effective.teaching tools. In fact, such programs caused mat_hematicilans to -
: '

reexamine the priorities- of what was important ?or students to learn in
mathematics and when. Once again, ho‘wever, math teachers did not_rush to

adopt what app'eare'd to be so useful. Why? Cost remained an issue. A tool
available only in school and not at home did not give students sufficient

opportunity to explore and practice. Classroom sets of personal computers.

]

were rare, and teaching students in small .groups-did not fit the model of the

mathematics classroom in-a traditional schooI Teachers were given no tra|n|ng

or support if they wanted to be innovative. And the list goes'on.

, i s~

Finally, in the I990s more than 20 years after des|rabIe change became

possnble the reIativer |nexpens|ve graphing caIcuIator became available. Student

materials were written. Teachers attended in-service classes or learned on their™
~ A

own time. The calculator was portable; it could be used in school and at home.
The innovatio’n/of'the Teletype wori<shop presented 4in the 1960s could finally be
repI|cated in public school cIassrooms Today, students who study algebra
without using'a graph|ng calculator are at a S|gn|f|cant disadvantage when”

'

compared to those who do s : -
A

y . v ,_; o

the development of effective new technoIogy is not enough to guarantee. change.’

That technoIogy must also be affordable, wndely available, supported by teach|ng

. materials, and accompanied by appropriate teacher tra|n|ng Perhaps most

|mportant technology must have a major demonstrabIe impact on the education *

of the majority of student?

S - ) ] 3 » '

s » “ 9 ! N R
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When people discuss educational change, there are two problems that
just won't go away. First, the political and sometimes personal viewpoint that
approaches education on a “We're right and you’re wrong” basis. Two examples
are the ongoi:1g debate in early childhood education over the value of an
academic curriculum versus a developmentally appropriate curriculum and the
constant bickering between advocates of phonics and advocates of whole

language about the most effective way to teach reading. Second, when one is

teaching children, one size doesn’t fit all and never will.

\

When looking ahead at technology’s ability to customize content, one
should not assume that what is possible and desirable will necessarily happen.
World peace is possible, desirable, and certainly beneficial to the majority of
people, but we are not likely to experience it in our lifetimes for even a single
day. The capabilities of technology are growing exponentially, and there are good
reasons to believe that growth will continue. However, history does not suggest
that people and societies change exponentially—a handful of individuals, maybe,
but only a very small fraction of the population. Our fundamental needs as
humans remain as they have been for many hundreds of years. Technology will
be widely and wisely used when it helps to meet one or more of those needs.
The need to nurture and teach our children is one such fundamental need. Many
people believe technology can help in this endeavor, yet very few are working to
create new technologies that will nurture and teach. Instead, educators are
expected to adopt and adapt technologies created for other purposes. Certainly
parents have a sincere desire to nurture and teach their own children; but in our
culture, that desire rarely broadens to include the children of others. | suggest
that the technologies we will adopt most readily are those we see as important
to us—at home, at school, or wherever the use of those technologies is

appropriate.

i The difference between education research and scientific research is
worth noting when we discuss educational change. A basic principle of scientific
research is control of all variables in an experiment. Replicability and
consistency are critical. IWhen a researcher goes home from work, he must be

able to return in the morning knowing that none of the variables in his

IN" 0 1@ = 7|200] [VOL | |VISION 9
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experiment has changed. He can resume work precisely where he stopped the

previous evening. How does this compare with education research? | suggest

. that we do not even know what all the significant variables are when two people

interact. As for replicability and consistency, suppose a teacher and student had
an effective, positive interchange during the last ﬁve minutes of the school day. *
Wi\II the morning begin exactly as the day ended? The teacﬁe[‘ may come to
school with a headache. The student may have spilled his cereal and been
admonished by his mother just before coming to school. There is'no way

consistency can be maintained.

? - o .
Because education research is different from scientific research, it is open

- to much broader interpretation. If there are two conflicting ideologies in

educition, both are supported by a great deal of research. Pick a point of view,
and you will be able to find research to support it. Because education research

is so open to interpretation, the results of a specific research project often

~reflect the beliefs of those funding the project. Even when those results are

reliable and valid, they are naturally the subjects of considerable skepticism.

«  An additional obstacle to education research is that, unlike research in
science or medicine, failure is rarely tolerated. Failed scientific research is an
expensive learning experience. Failed medical research is also an expensive

e
learning experience, and it could even lead to the deaths of laboratory animals.

Failed education research is less expensive, but it might mean that a class of

students did not learn the subject. What then?

Before looking ahead, look at what already can be done with existing
technology. To what extent is customized content a real possibility when school

starts next year? - .

Suppose you are a.bout to register your daughter in fourth grade at a
new school. You have looked at the school’s curriculum, and you are pleased that
the obje_ctive; for each subject in each grade are exPressed in terms )"ou can
unders;tand. They tell you exactly what your daughter will be taught. There are
some objectives in the history course that look like they are beyond her reach,

but those in music look like things she learned at least two years ago as part of

IN"81a#HT|200] |VOL I |VISION I1
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will begin at the sixth-grade level. In fact, mathematics is the only subject that

\.- ' ‘ \
her dance Iessons The school registration process consists of a few forms for .
- L -
you to complete and an online, adaptive pIacement test for your daughter The

~ P

pIacement test. determines exactIy wh|ch ob]ectives she aIready has mastered in

)
eachl subject. The 'results are ava|IabIe as soon as she ﬁnish‘es the_test. In this

. way, the schooI wiII be abIe'to provide her with a truly individualized curriculum.

She will start exactly where she’ beIongs in each subject. Your concern about the ’ -
h|story course was vaI|d——the pIacement test shows she should begin h|story
about 10 weeks into the th|rd-grade history curriculum. Her knowledge of A

music is also as you thought. She will begin her music lessons at roughly the -

- ’

- middle of the sixth-grade music curriculum. Her reading is excellent; that too RN

. N - . L < AN
she will actually start-at the beginning of fourth grade.

ERIC -
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ratio of one adult for€very six children in each classrodm: thus the three helping
: . A . ) '

Impressed with the notion that she will have an individualized curriculum,
_ ' :

you ask to see her classroom. What you find-is not at all unusual. ;I'here is a
room
whiteboard, several sheres of books a closet full of art supplies, and brightly
coIored decorations to celebrate the openlng of school. There ape four personaI s

computers notable only because they dre in different parts of the room rather .

\ <

l

than lined up ona table. One section of the room has a traditional arrangement_

N ’

of student desks_and another has tables and chairs for group work.

v ) A '\ -
Upon meeting\the teacher, you ask how she can/really provide
individualized instructi_on to 24 students. Just the daily record keeping of where.
each child is in each offsix subjects seems overwhelming—and that does not

\

requires | 44 lessons plans each day. In fact, it does! The'teacher then explains:

students sounds as if it N ‘ -

,count prowdlng instryction. Six subjects for each of 24
- . . » oy '
that she does have some, nonprofessional teaching help; as well as a great deal of

support from the computer,

-
-,

~

In addition to the teacher; there are three nonprofessional adults (usually
volunteer parents) who-telp with the children. AlthGugh there is only one -

teacher in each of the school’s classrooms, the principal has committed to a

~ -

adults for this fourth-grade class. The computer provides lesson plans and ~ - -

o 13
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record-keeping assistance. There really are 144 unique lesson plans needed each
day; a computer provides the plans, but the teacher and adult helpers provide
most of the instruction. That instruction includes all,of the traditional methods

of teaching and learning, as well as occasional computer use by the students.

When school starts and you see the class in action, you really appreciate
the benefits of truly individualized instruction. Your daughter likes to do
mathematics firsti It is her least favorite subject and she wants to get it over
with. The lesson plan from the computer asks her to arrange some
mahipulatives to represent repeated addition and then to do a paper-based
problem set with repeated addition problems. She is about to be introduced to
multiplication, but that is still a lesson or two away. Today’s lesson seems easy,
but when she takes her problem set to the teacher, they spend a few minutes
discussing the two problems for which she has the wrong answers. The teacher
uses the computer to print a second set of problems and asks your daughter to
complete it before going on. This time, all the answers are correct. Your ,
daughter then takes a short online test to confirm that she has achieved the

objectives of the lesson.

The online test is a critical part of the individualization of your
daughter’s instruction. The test not only evaluatés her work on today’s lesson, it
also tests some of the most important objectives from earlier lessons. All
results are accumulated in the computer. There are always several alternat‘ives
for the next lesson. If she does very well on the test, then her next math lesson
is the next lesson in the curriculum sequence. If the test shows she has not yet
mastered today’s objectives, then the next lesson will be an alternate lesson on
the same objectives. The system has several alternates for each objective or set
of objectives so students do not have to repeat a lesson to revisit material. A
third option is that the student shows mastery of today’s objectives, but the
accumulating review of earlier objectives shows that your daughter’s skill at
adding sets of three-digit numbers is not up to par. In ;his case, her next math

lesson will be an alternative lesson that reinforces this earlier objective. The

system will not let her move forward when there appears to be a gap in prior

IN»>@8 1 @+ T|200t |VOL | |VISION 13

14



L !
. What else can knowledge that should be filled. Cumulative tests are g|ven when approprlate'

be done.with 4 the. results are used'to further |nd|V|duaI|ze future Iessons . -

. . 'technology . ) . N
that is already - Each lesson contains one-or more suggestions for extending'the lesson.
‘ - ,9.\
’am"uame-' These suggestions are primarily for students who find the sub|ect or specific
A great deal!
: lesson especially |nterest|ng Lessons might be extended by challenging problems
e 1 suggest that

-~ -

technology N mathematics a second experlment in science, a book to read that is reIated to

N
- ’

development  the history lesson, and so forth. ’ ‘ : S
. S ‘ — \
" could stop g ‘ \ .

. - ' \
today, and we . By tracking your daughter’s success with ea‘ch Jlesson, the computer is

-1

would continue able to determine which Iearni'ng ster seem's most effective for her. For .

) - ) ~

to see
. exampIe if the math lessons wnth mostIy vnsuaI presentat|ons are almost aIways
innovative ;
successful, while the: math Iessons wnth mostly text presentatlons are much Iess
uses of what - ’

we already succe_ssful, then the.system will ad|ust ,so that she is usually given a lesson based

- have for the  on visual presentations first. In addition to acustom curriculum’ that provides

- next 30 years.

- exactIy what she needs the system presents that mater|al in the way she is most —

I|ker to learn it. B

‘With the exception of the automatic Iearning style selection, the system -

described is available already and is an excellent example of technology used to

,\J v

support educat|on The technology does not take sides, it does not require that -

'

a particuIar ,curriculum be taught, and it does not requlre that a student spend a

’

great deal of t|me at a keyboard. For those educators who beI|eve that
.. ST caIcuIators are detrimental and shouId be reserved-for high schooI students this
‘ system will work For those who want f'rst graders 'to have access to
calculators, this system wnII work. For those school districts with adm|n|strators
~ ' ._ - - who feeI their curr|cqum is best for the|r children; the system wnII work wnth
- ‘ the|r curr{culum The system does requlre vveII def'ned ob|ect|ves Iesson plans
to support those ob|ect|ves a test|ng aIgor|thm that verif'es the student learning,
| v B and a lesson-sequencing aIgorlthm thal: assures mastery of all ob|ect|ves None
N of the requnrements presupposes a part|cuIar theory of Iearning Trad|t|onaI|sts
. constructivists, and all others can be accommodated. The system wil help
manage a students education, and a teacher remains respons|ble for delivering

-

that educat|on . n - L I

; N . . \ R . . '_
o . - ' ' .-

: - INv& 1O H T| 2001 |[VOL | |VISION 14 - . .
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Given the aImost certaln success of such a system, why is it not aIready
- |n wndespread use! The system descr|bed conﬂlcts wnth severaI deep rooted

:admlnlstratlve practices in ouf pu_bllc schooIs. fn thls‘system, the Fatlo of

- * students to adults is smaller. Even though the additional adults need not be A

ce‘rtiﬁed teachers and may even be voiunteers the need’for them raises the. cost
'_ of personnel or personneI management When students are free to work at

thelr own pace the notlon ofgrade Ievel rap|dIy dlsappears In fact the not|on.

of ‘completing six grades in six years rap|dIy d|sappears A sngnlfcant number of
- e students mlght need Ionger and a S|gn|fcant ‘number may proceed more qU|ckIy '

Those who proceed rap|dIy will reqU|re addltlonal skills on the part of. thelr

teachers A typ|caI snxth grade teacher may not adequately serve a snxth-grade

S

student domg mathematlcs at the ninth- or tenth-grade level, and. such d|spar|t|es -

-

A~ R may be more the rule than'the exception. True individualization is possnble but "

s =
'

usmg it will place new demands on.our pub||c schooIs .The pub||c needs to'-

S baIance a desnre for better educatlon with the cost and risk of changing

i tradltlonal yvays of managing and fund|ng schooIs.

What eIse can be done W|th technoIogy that is already available!? . A
- great deal! | suggest that technoIogy deveIopment could, stop. today, and we

wouId contlnue t6 see innovative uses of what we already have for the‘next 30

years For exampIe students can-use an mexpensnve d|g|taI camera in all sub]ects

, - at almost any grade The|r photos can document their work done in or out of

.school; be shared with other students parents, and reIatlves as attachments to

< e ma|I |IIustrate a story they write; add’ |nterest to an oraI presentatlon report

- ona scavenger hunt in wh|ch they found items related to a speclfc lesson such
. /-
S as geometrlc shafs land. formatlons or h|stor|cal bunldlngs and so forth. The :

dlgltal camera can heIp students Iearn sequenc|ng, malntaln their portfoIlos and

7

learn about visual composition. Students can create large projects; such as a
360-degree pano'ramic'view or a wall mural of'pictures reIated to the history
they are studylng The cost and time deIay for film- processnng prohibited many. -

- of these possnb|I|t|es a few years ago, but now the one-time cost ofan
inexpensive camera is the largest expense. .
/. . . -

. .. .
~ ’ RN . . /

. E TC . LT Y E  Nwea @ W T[2001 [VOL [ [VISION 15
[~ . Pl N i

L . ’



O

ric

Aruitoxt provided by Eic:

- ,

. j .
. ‘ . .

The speed of Internet access continues to increase. Many homes and
most schools are now served by digital cable, DSL I|nes orTI lines—the sIowest

of WhICh is" 50 t|mes faster than'a 56K modem What can we do W|th a faster

Internet besides doing th|ngs we aIready do ‘but faster? d ' ; ~

. /.l ) , . -
Thanks to faster access, the ability to transmit motion video and sound

. . . .
- ' 1

over the Internet is improving rapidly. The speed is already acceptabIe for many'

applications if one is using’a connection at least as fast as a 'cable”modem .
Accordllng to recent statistics, that |ncludes most schooIs Suppose we put an °
.inexpensive. Web cam ina cIassroom ‘Students would Iove it. They couId see .
themselves on the Internet: So could the|r parents. Do you wonder what your

child is.doing in class? Turn on your computer and take a look—from the office,

+ from home, or wherever—and you ‘can see her in real time. If a student

v N . . ‘
_continually, misbehaves, a teacher need only call home and ask Mom to watch the

!

class for a while.
) ’

The Web cam also couId serve other functions. It is far from ideal, buta

student {ho. was home sick for a few days couId keep up "with some aspects by

- [

watchlng that cIass via the Internet. Parents unabIe to attend “back-to- school”
n|ght could see and, hear the presentatlons and an out\of-town worklng parent
or grandparents who live far away could attend an eIementary school pIay Many
th|ngs are aIready possnble and the list will get much longer as muIt|med|a

technoIogy and the speed of the Internet cont|nue to |mprove
7~ ~

K : .- . Lo . 3 !
" Cell phones have enjoyed more sales than any other form .of recent
\ K A

. S
technology. Analysts attribute this to their ability to'work anytlme almost -

‘

anywhere for anyone They work for a salesman dr|V|ng through Montana who-

-must contact the home oche in New York and they work for the junior high g|rI _

at the mall who miust call home to see if she can stay’ out 30 m|nutes Iater than

promlsed Once cell. phone technology worked well and ‘the pr|ce-reached a
pomt the public could afford, use eproded The current state of computer 7
commun|cat|ons resembIes the state of the teIephone |ust prior to cell phones.
Remote communlcatlon ‘with a Iaptop computer is possnble but a laptop is bquy,

{
fragile, and often |nconven|ent The saIesman wouId have to stop to find a phone"

N
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to connect his laptop, and the junior high girl is not likely to have carried her ,
laptop to the mall. Current laptop technology does not quite fit. the way people
live. Simplifying computer Connecti\;ity to the level of using a cell phone is

s

- predictable technology.

There are many stories in the press regarding the “war” between,
wireless communication technology and broadband communsi(/:ation technology.
Which technology will dominate? For the next several years,a combination of
the two seems most probable. This prediction seems safe; Bill Gates, former
CEO of Microsoft and now its Chief Software Architect, and Lou Gerstner,
Chairman and CEO of IBM, have ' made the same prediction. Because large L
corporations heavily invested in one or the other do not change easily, both
forms of communication will continue for awhile. However, | suggest that within_
10 or more'years, wireless technology will dominate. That pred.iction is not
based on a deep technical analysis of which is most coét effective. Rather, it is
based on the fact that péople fihd wireless more convenient, and peoplé’s
acceptance is what eventdally makes an application of fechnology»successful or
]us:another neat idea. Remember videodiscs? Neat i/dea. Cell phones are

‘wireless, and that is what makes them so convenient. People can use them when

there are no wired phones. Similarly, wireless computing technology can be used

) Y
where there are no wires: in underdeveloped countries, in old school buildings,

and in your daughter’s room.’

There are already impressive applications of both communication
technologies. Timex recently introduced a wach timt receives e-mail fn;essages
from the Internet. The messages are limited to 100 characters on a 12-
character, single-line, scrolling display, but that is ’enough for paging, phone
numbers, stock quotes, and.a host of other short messages. AT&T Laboratories
in Cambridge, England, offers,a free download that places the display\screen of
your Internet-enabled PC into the browser window of any other Internet-
enabled PC. The software allows you to actually operate the PC that is on your

desk at home or in the office from wherever there is an Internet connection.

No more synchronizing between a portable computer and a desktop computer:

IN-81QHT|200I-|VOL | [VISION 17
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An e-book with - 'just operate the desktop from the portable. If this technology catches,on, the
significant capability—and hen\ce‘therprice—of a’portable PC might drop cOnsiderany.'_

memory could, - T ’ _ ' / :

, t -

in fact, contain : Whlch technology is I|kely to. have the greatest impact on educat|on over

several books—  ie next F ve years! | belleve the answer-is PDAs—personaI d|g|taI asslstants

\ 'ail of a studem’s

| textbooks along <These are typified today by graph|ng calculators such as the_TI-83, by organlzers

- with a few Such as the Palm Pilot lllc, and.by handheId computers such as Compaqs |PAQ

books checked The capab|I|t|es of all three types of devices are beg|nn|ng to converge They can

S outfromthe . iccess data remotely and connect to the Internet for Iarge updates They can

library.

- - .connect to remote sensors to coIIect data d|rectly from the physical worId as
) Goodbye, Qeavy .

backpacks. Well as from their keyboards.- They can all download programs from the_Internet

and they are, or soon will be, able to communicate wirelessly. Relative to -
\current computer technoIogy, they are aH notany |nexpens|ve And, most

|mportant educat|onaI programs are belng written for all of them. <

N believe PDAs are the step that wiII.reaIIy make computing technology

, T accessible to all students, |ust as the graphing caIcuIator in the earlier exampIe

/

allowed all students access to a better way of learning mathematlcs In add|t|on e

N ~ ‘toan affordable _pr|ce, PDAs restore the * ‘personal” aspect of personal '

- - o com'p/uters. When the term “personaI computer” was introduced it_was beca'use _
: - .a user had a computer that was connected only to- the wall—it was all h|s or
hers The PC was |ntended to repIace a time- shar|ng terminal that reqU|red you
-to'sharé a computer wnth several others. Today the name remains, but we" have

- lost the personal " Today’s PC connected to the Internet js very “similar toa

- . : 'termlnal connected to a time- shar|ng system. It is far from personal. | suspect
N,
) that if most. home users really understood how much information was going
P .
- “from their computer to the computers of businesses on the Internet they would

. : uanug their Internet connection ‘and never use it aga|n With PDAs,lyou are

~

back to havnng a personaI device: one that fits in your pocket or purse and one

- that connécts to other devices ‘only when and for-as long as you choose to .have’
-it do so. : e . ' - SR “«
T t._. s o - B L

, . . . R N ’l‘\ . o e—

Alittle further out in time, the technoIogy of eIectron|c paper will beg|n

-

to have a,major |mpact -There has been talk of e-books for many years, They

-

> N . . . v
‘

]
.
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“are ava|Iab|e today but a market for them has not developed In sp|te of some

conven|ences provided by the e- book people do not want to read abook ona”

_\" screen There is somethlng sat|sfy|ng about hoIdlng a, book in your hand, about

: turnlng a page when you have fnlshed about the way a page feels and looks and

<o 'smeIIs All of th|s is Iost when you use todays e=books. “But eIectron|c paper is a.
\ ‘e ~

dlfferent story El'ectronlc paper, is a d|spIay deVIce much like a computer

mon|tor or PDA screen. EIectron|c paper d|spIays whatever the computer
-
trarismits to it. But eIectron|c paper Iooks and feels I|ke paper It- can ‘be made

. into a book, WIth pages that look, feel, and turn like book pages.. EIectronlc

* paper already eX|sts in the Iab and efforts to commerC|aI|ze it have just begun.
"The mon|tors that many thought would repIace paper may themseres be~
repIaced by a new kind of paper and the Iong-ant|C|pated e-book might become

areallty- N C ! : § , Do =
\ B ..‘ N . o - : : -

- Perhaps we should think of the ‘e-book not as an ordinary book, but as

B a'stack of ordln'ary books - An e-book conta|ns a. computer chip,a Iarge
. {
. memory, an‘index d|spIay on its sp|ne and many pages of electronic paper An

\

. e- book with S|gn|f|cant memory could, |n fact, contain severaI books——aII ofa -

~

student’s textbooks anng'W|t,h a few books checked out from the;Iibrary.

- Goodbye heavy backpacks. What do you~see when you tUrn to the first page?

"Whatever book you choose from selectlons listed on the sp|ne When you

7

* finish WIth the selection, just choose another and the contents of the

eIectron|c pages all change. When the loan per|_od\for the books you ‘checked

out at the-library expires, the book'simply deletes the choices from the-spine.
There’s nothing to return. - S SN

S¢hool libraries and cther libraries that provide electronic books can be

much smaller thanh todays conventlonal I|brar|es L|brar|es couId in fact be

ava|IabIe over the Internet. Copyrlghts can be enforced at’ Ieast as'well as they

fa

are today. If a I|brary owns rights to two eIectron|c cop|es of a book, then \more .
- &/ \ N

than two users cannot S|multaneously check out that book S|nce the book is

automat|caIIy deleted from the user’s e-book. on the exp;ratlon date there is no

need for library ﬁnes. -The next user can then-have immediate access to the

" book or may even havédown]oaded it earlier, knowing that it would not be
. - . . . ) - " ) .. ] '~ B

~ \

. . 4 . : . - . i ) v
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. As long @s you

had 6 stop at

the marlket, you

- could aslk ltlhe
. refrigerator whaﬂt

N

‘other n'egullau-ly

~ used items are

, needed. The.

refrigerator can

detect the
. new technology Current’ bar codes |dent|fy a type of product——a Lexmark

transmitters .

. noted-earlier;

' eveiry item you
N pu& in the

’ refrigerator h;nf

-t one.

o -
ERIC .
e .

#123456-789; a'l2' oz. jlar of Del Monte appIesauc'e packed 4/5/2015 in carton

A Nm8 1@ HT|2000 [VOL | [VISION 20
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vnewable unt|I a certain date. Readers who lie to browse through I|brary stacks
would be d|sappomted There wouId no longer be any of those familiar stacks
Read‘ers who most-often just want_to find a specific book and check out a copy

would be delighted with the convenience of e-books using electronic paper. !

:

Further out on the timeline are transm|tters the size of a graln of rlce

that can be read by an approprlate computer ‘in the area’ The-famlllar bar -
codes used in supermarkets and department stores are the forérunners of th|s

v
“ .-

Model 7000 printer, a jar of Del Monte applesauce, and so forth. _Transmltters -

uniquely identify each individual itém—a Lexmark Mod,el 7000 printer, serial .

i

‘#A12345. When a_transmitter is near a computer equipped to detect it, the

. item containing the transmitter can be |dent|fed The- more you th|nk about

i

th{ese transmltters the more useful they mlght become Wlth a transmitter on
every’piece of eIectronlc equnpment theft would be very difficult- because each

N

p|ece of stolen equipment would keep reportlng where it was. If students had a
transmitter built into the'ir school ID cards, they could check out books in the.
I|brary,/get on a school bus, have their attendance reported for each class, and so
forth, all by |ust belng there When the)gghose to sklp'school their D cards,

would report where they were. When a student walked up to a school

computer it would 'know who the student was and immediately load all that

-

- students work from the network No. more logln Iogout and set-up t|me The

more you think.about these transm|tters the ‘more you alsé begin to wonder )

' about proteqt_lng your privacy as well. If my new beIt and shoes can both be _—

uniquely identified, then it would be very easy to track my whereabouts atall

—
-~

times. b , T SN RS
. N

- . . - \

~‘Whit new technology will be available in two of three decades? |
believe we will be in a world.in which computers are no longer seen. They will
..still be W|th us, but they will be very small and‘pervaswe Most electronic
devnces—your furnace refrlgerator coffeepot car, cell phone—wnII be wnr,elessly\

connected to the Internet or whatever the network is caIIed by then. You might

check your PDA before you leave work If you indicate that bacon, eggs,-and

| ) - s
N . -
. - - i '



toast is aII you want for dinner, the refr|gerator and breadbox W|II check that
they contaln the needed |ngred|ents Your PDA W|II list the needed ingredients, _
ﬂashlng Yjelly” in red to |nd|cate you are out of |eIIy As long as you had to stop

. ‘atthe market you couId ask the refrigerator what other reguIarIy used items are

/

‘needed The refrlgerator can detect the transmltters noted earI|er .every |tem o
\ ..

Y= . you-put in the refr|gerator has one. When you are on a.trlp, yau can verlfy that

. the coffeepot is turned off and ad|ust your thermostat. You are not worried i -

— - e v

' about robbery or fre because the entire house is connected to aIert poI|ce and

™ fire departments Anythlng out of the ordmary W|II br|ng heIp |mmed|ater
N . . . < - /

RN - What wiII this mean to K-12 education?' Schools will be'decidedly'safer '

and far less student and teacher time will be consumed by adm|n|strat|ve tasks_
- that do not contr|bute to Iearn|ng ‘An |nd|V|duaIIy customlzed closely -

mon|tored and frequently evaIuated—educatlon should-fi fnaIIy be available for all

students. - , : T o -
o 4 . . Y‘/' . , - .. N , : N

As technology offers ‘educators new abilities-to help deal with old -

- problems, I suggest that sorne things will remain the same. The puinc‘schooI

model may-or ma” not change but the need for a’ car|ng aduIt as an active.

-

v part|C|pant in the educatlon of a ch|Id will not change KIdS have. many needs . .

beyond the academ|c and to be successfuI ‘an academic program must deal with
- many of those needs. Students learn from the behaV|or and vaIues modeled by

, caring aduIts and that learning cannot be separated from them Technology will

N

prowde some extraordlnary rlew tools to support education, but the need for a

A

carlng adult to work W|th each chlld .W|II remain as the most |mportant element.

' ’ - <

T " There is one Iesson from my earyyears of teaching that | have never

N

forgotten L had an e|ghth-grade cIass to whom | was teach|ng aIgebra The top|c

* for the next cIass was to be the derivation of the quadratlc formuIa I prepared
.

’

- very carefuIIy | developed what I cons|dered the best poss|bIe presentat|on
When I gave. the presentatlon | really felt that all the students were pay|ng

e attentlon and understand|ng As | finished, a g|rI with long ﬂowmg hair who

rarely contr|buted in class was frantlcaIIy an|ng one hand for attent|on wh|Ie

holding her hair W|th thé other._ | was deI|ghted. 1 thought éven she had become

" S c i y ‘ o B
. . l . - . . . ‘ N
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. - class: Teachers must attend to the needs and concerns of their students to

m—

|nvolved'|n the presentatlon ‘When | caIIed on her,*she frantlcally asked “What

~ shouId | do? What shouId I do?” | asked, “About what?” She responded with

the ‘content of the lesson, it reminds us that students bring many concerns to

ens-ure that learning can occur. .Caring adults, not technology; are the keys to

~

~

successful education.” It wouId take a powerful technology indeed to deal W|th

smcere concern, “All my ends are spllt!” Although the question was unrelated to
o T

spllt ends and the quadratlc formula ina smgle Iesson—-but peopIe can do it, and

they do so on a regular basis. That is what customized content is all about. H

T—-

-



EXTENDINGTHE
PROSPECTS OF EVIDENCE-
BASED EDUCATION

John Willinsky, Ph.D.

John Willinsky makes a compelling case for evidence-based education, a
framework t‘o help schools benefit from education research. We have been
exploring how this framework, on a much smaller scale, might help educators
. identify, evaluate, interpret, and apply the most relevant research related to
new and emerging technologies. Presented in the Leadership section is an
overview of Ask Smartypants!, a Web-based tool devoted to our explorati'or;

\
of the evidence-based education model.
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EXTENDHN@ THE PRCSPE@TS
OF EVIDENCE-BASED

EDU@ATH@N John Willinsky, PhD. - |

- N ) . N -

N ' >

he reasoning is straightforward. What's good for medicine should be \

good for educz‘{tion. ‘And what is good for medicine right now isthe way physicians

are drawing on evidence-based medicine (EBM) in choosmg the most effective .
4 . treatments for their patients. Checklng W|th the best available eV|dence before

" making a critical decision is hardly a new idea |n-|tself. 'What has changed in

medicine over the last three decades is the concerted effort to make medical
research that speaks directly to what works best in cI|n|caI | practice readlly
accessible and comprehensible for phyS|C|ans. Th,e potential parallel with e’ducation
almost leaps out. Why.shouldn’t teachers be similarly assisted with the relevant

research for the educational choices\they~face in their. efforts to improve the

-

7 -

Evidence-based educat|on would mean for example teachers selecting .

'

reading programs for the schools that lead to significantly higher test scores than -

g : - . B . \ . '
" other programs, based on a comparison of randomly assigned students to each .

program and to.a control group. ,Evidence-based education would rriean teachers
opting for methods of teaching mathematics that consistently proved more effective

than other techniques with the target population. It would not guarantee that test

.

. : v . -
scores for students go up but would ensure that teachers were more likely to use -

widely proven effective educational methods. This should inspire, if turn, greater

public confidence in the schools. It should also foster-a new appreciation for

educational research, which has for teo long been a source of disappointment, if not =~ |

/ . /. ’ . - ¢
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- example, now offers abstracts on more_than a million education-related documents

and journal articles.' There must be'a better way to organize the research process -

mockery, within education reform circles: “What do you think are the two major

findings on bilingual educatlon”’ (“Previous studies are ﬂawed and more research |s

needed") o , ' >
. The public’s and profession’s skeptical regard for educational research

reflects a sense of intellectual waste and missed opportunity, especially when one _

considers the sheer amount of research produced, most of it at public expense.

The federal government’s Educational Research Information Center (ERIC), for

so that it offers greater assistance to the principal reorganizing a school, the teacher

starting a new school year, and the child struggling with' third-grade science

concepts. ' = : o
When it comes to narrowmg ‘the gap between research and practlce
evidence-based med|c|ne is as good a cand|date as we have. Itis hardIy surprlsmg

that an eV|dence based approach to education has recentIy earned the endorsement -

’

of the National Research Councll (NRC) in the United States and the Teacher

Tra|n|ng Agency (TTA) in Great Brltaln wh|ch is respon5|ble for fundlng teacher

education in that countrszhe Campbell Collaboration, Iaunched in 2000 and now

based at the University of Pennsylvania, has taken’initial steps toward supporting an

evidence-based approach to'social issues, including education (more on this later).’

~
.

This is a good time, then, to consider what it would take to support the  °

"large-scale introductl'on of evidence-based education—into the schools, including

-

schools of educatlon where teachers learn the|r first Iessons about the|r trade. Yet,,
|ntroduc|ng the ideas behlnd EBM into educatlon calls for somethlng more than
simply plug-and-play, to borrow software |argo_n. Curing a pat|ent is not the same as
educating a child, but then research in the health sciences, in scaIe and fundi'ﬁg, is

not the same as research in educatlon StIII there is much for educators and

educatlonal researchers to learn from EBM, |ncIud|ng its recognlzed I|m|tat|ons in

thinking about how we can improve the contribution that research can vmake to

~ -

education.

. - N . N

.
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D MEDICINE ,

David Sackett, a pioneer in his field and director of the Centre for
Evidence-Based Medicine at Oxford’s Radcliffe Hospital, has explained how EBM
emerged from the frustration caused by research demonstrating that doctors were
recommending no less than 180 techniques in treating a common urinary tract

infection, as well as by studies that determined it was taking |3 years on average for

research-proven treatments to find widespread use by physicians.* The answer to

research’s remoteness, Sackett felt, was to increase the physician’s access to largely
clinical-trial research that boré directly on his or her medical practice. However,
the randomized clinical trial, representing the “gold standard” for EBM, turned out
to amount to no more than 2 percent of the medical literature. Spurred in part by
the success of EBM over the last 30 years, the number of such trials now exceeds a
million, Sackett estimates. These studies are further bolstered in EBM bublications
by meta-analysis, cross-sectional studies of patient.records, follow-up studies, as Well

as by some of the basic or pure research in areas such as genetics and immunology.’

The typical EBM publication presents physicians with carefully screened
research, specifically dealing with patient care in “an easily digestible summary
(average reading time is about 30 minutes) every 8 weeks.” EBM can be pointed in
its advice—"“One patient in 11 will be prevented from dying or needing long-term
institutional care if treated in an orgaﬁized Stroke Unit rather than a Gené.ral
Medicine Ward”—and in its specification of, for example, “the number of patients
you need to treat to prevent one additional bad éutcome (death, stroke, etc.).” It

can also compare treatment costs against such measures.?

There are now software tools that support iEB*M, such as CATmaker that
Helps physicians create Critically Appraised Topics (CATs) from online guides for

articles on therapy, diagnosis, prognosis, and aetiology/harm.” EBM publications also

" invite physicians to add their own commentaries and experiences to the studies

presented. If gold-standard evidence in support of EBM’s effectiveness in improving .
medical practices has itself been notably absent up to this point, the gains from

using “proven efficacious therapies” on patients are well-established.'"” More
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recently, the EBM concept has been extended to best evidence medical education

programs that prepare residents, for exampie, to teach medical students."

However, evidence-based medicine is still in its formative period and has
been subject to critical attention. It has been seen by some in the medical
profession, for example, as shackling the very profassionalism of doctors, especially
as it can be used by insurance companies and Health Management d)rganizations to
turn a physician into “a dupe in a political game of health economics” by dictating
treatments on a strict cost-benefit basis." A second relevant concern has been
expressed over the very research questions asked and measures taken in gathering
the evidence. The point is well made by medical educator Frederic Wolfe, who cites
the emirlent statistician John Tukey’s maxim—"Far better an approximate answer to
the right question, which is often vague, than an exact answer to the wrong
question, which can always be made precise.””* Wolfe’s own educationally relevant
examples of problem-based medical education get at the limits of the typical EBM
question. He holds that a research question, such as “Is achievement higher under
Problem-Based Learning than traditional [medical school] curricula (e.g., USMLE,
local test stores)?” would be more fairly posed as “Does Problem-Based Learning
lead to better problem solving z.md lifelong learning?”** Certainly the answer will be
an approximation that will take years to attain, but it does a far better job of getting

AN
at the quality of medical care than a test score.

It is not hard to imagine that evidence-based education could easily sI;p into
this tendency of letting a single achievement score decide the fate of programs tha.t
are really about the long-term impact of educational values. The shortcomings of
the clinical trial’s reliance on singular and immediate measures were first challenged
by AIDS activists in the 1980s when they exposed the shortcomings of encouraging
people to seek a “definitive” answer through clinical trials rather than helping them
to live with the uncertainty, as well as with the value choices that need to be made

with medical treatments."”

This reliance on a single source of evidence, the randomized clinical trial,
also has been challenged by health historians who rightly argue that their work is

no less evidence-based, no less relevant to decision and policymaking.'* History, as

A
e
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Clearly, much
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. based medicine’s
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‘achievements

" and

critiques in.
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A

medical

treatments to

-.methods. Any

.analysis of

. teaching

application 'oii

itlhﬁfs -pvidence-

and economlc factors_ that affect cIasses of peopIe and are certainly the source of

- based approach

" to education,

however, iheods

to worlt from the

. major

difterences

" that exist

- between the two

research

-enterprises

&homseiues.

Q

E

RIC

PAruntext provided by exic [

.

s

- research enterprises themselves. For example, the Cochrane Collaboratlon, which
. o o -

broader questions that no one else does.” In her own work, she draws the parallel,
for exampIe between the use and regulatlon- of op|um and tobacco a century apart.

But then another lesson that h|story offers is how shortsighted it is to focus

-

P

N

’

1

. historian Virginia Berridge argues, possesses an ablllty to open up issues and to ask

research echuslver on |nd|V|duaI responses to treatments Ioslng slght of the social

inequities in the general state of our: heaIth 7

. The narrowing of measures and.the carefuI comparison of treatment

-

\

o

r-

N

i~

technlques may be necessary when facmg a failing pat|ent or, for that matter, a failing

cIass of students Yet that does not mean that we need overlook other, Iess

|nstrumenta| roIes that research has Iong played in policy c|rcIes _ Policy analyst

Carol Weiss, for example, has come to the concIus|on after "decades of evaluation

e

work in educat|on that* ‘governments don’t often use research directly, but research

helps peopIe recons|der issues, it heIps them think differently, it heIps them wi

reconceptuallze what the problem is and how prevaIent it is, it heIps ‘them d|scard

some old assumiptions, it punctures old myths. It takes time and reconceptuallzation

before research actually leads to a change in policy.”'* The sIow1mpact of this

knowled'ge"on pe'ople’s thinking, which only gradually leads to.changes in poIicy and

practlce, may have been disconcerting to DaV|d Sackett when it-came to saving

people’s ilves but democracles tend, to work po||t|caIIy in this way. And Weiss uses

the vital link between activism and research in the womens.movem\ent as yeét

N

\

\

anothér demonstration of how knowledge afforded by systematic inquiry can -
. . A\

motivate and inspire people in that educational sense, both-as feminist researchers

-

-and as democratic citizens.

THE EDUCATIONAL APPLICATION

*Clearly, much can be learned from evidence-based medicine’s achievements

and critiques in moving from the assessment of medical treatments to analysis ¢ of

i

\

teachlng methods Any application of th|s eV|dence based approach to educat|on

however, needs to work from the major dlfferences that exist between the two

is dedicated™to developing EBM in the field of health, has assembled carefuIiy
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currently at $700 million."”

’

indexed databases of some 250,000 clinical trials, reflecting the growing support for

-

this research. By comparison, education has a dearth of such studies for various

reasons. Experimental condit;ions are more diffjcult to maintain in schools than in
clinics, difficult in part due to the shortage of research funding. With the budget of
the U. S. National Institutes of Health now exceeding $20 billion annually, the
funding for medical research far overshadows the support available to ed‘ucation,

with the budget of the U. S. Office of Educational Research and Improvement

The more telling issue lies in how the research is conducted. While most
of NIH’s research funding goes to basic laboratory research, when it comes to the
study of medical practices, the clinical trial is recognized as the best way and is
known as the gold standard. This is not_. the case in education.. Apart from the
difficulty in meeting the funding. demands of such elaborate Iarge-scal-e $tudies, many
educational researchers and teachers %eel that what is most interesting about
teaching and learning goes on outside of what experimental approaches can capture
utilizing test results. At i;ssue in these different research approaches to the study of

teaching are the very nature of learning and the play of values in education.

We tend to see health in a far simpler and straighffqrward manner
(although news coverage-of diet, exercise, and lifestyle ‘ch'oices ensures that health is
no longer simply somethithone only thinks about when faced with illness). In |
response to our very different ways of seeing education (bereen, for example, skill
acquisition and personal growt.h), educational researchers have developed and
adapted a great variety of research methods for investigating teachers’ practices,
including action research, phenomenology, and critical ethnogfaphy, to name a few.
Educational research has long drawn on the full gamut of the social sciences and
humanities. It has adapted the methods of anthropology, economics, history,
linguistics, literary criticism, phiiosophy, political science, psychologz, and sociology, as
well as iaking up the newer incursions of feminist,lra{ci‘al, génder, and cultural studies.
The very richness of analysis and Iunderstanding that is available, the very play 6f
tensions and challenges across these methods, and tlhe pdsitions taken by

}_researche-rs within them, make critical contributions to our understanding of

education and the evidence that bears op that understanding. To think of
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For EBM, the
issue of providing

physicians with'

access to the

research has

. determlnlng “best practlces in some absqute sense of, say, psychomotor eff cnency,

meant winnowing

~ out virtually all -

n‘miedica)u research
encept the
ab[bvevﬁemed and

compiled results

-
. of randomized” .

e

clinical trials.

While this offers
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. possibiliﬂies for

providing -

physicians with

- wireless access

to EBM

examining room

during 15-niinute

patient

consulmaﬂions, |
am not sure ﬂh}is
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o : \ . L
constricting the focus as a way of redeeming the value of educational research .,
would be terribly shortsighted. ' ; - ' Y
.- i _ o

Rather than encouraging pebple to think that educational research is*about

people need to see what is- best in reIatlon to fqu illing agreed -upon educatlonal

values, including the vaIue of education as a topic of ongoing publlc.,dellberatlon. -

' - ‘- .
G - . . . ’
. . .

L, /o o
Educatlon is as much about values as outcomes; and how_the child comes

to value Iearnlng is itself a cr|t|caI outcome. It is.as much a matter of children

]

“coming to care for ‘reading as it is about how they manage'to decode a specnf c text

‘at the end of the third grade. For all of this stress on school accountablllty, there . o

can be no assurances that ch|Idr-ens Ilteracy test scores reflect on whether those

~

. children have' Iearned to see reading and wr|t|ng as a way of engaglng wnth the o :

' wnth I8 m|II|on items, compared to that of the Natlonal Library of Educatlon with. |

_m||||on |tems o ' . : : , T

teaching as learning the days lesson.
- [ ' ’

'world, whether they wnII write a letter to one who matters, follow an election - .
campalgn, fgure out their employment r|ghts, or even enjoy a good book. The

phllosopher would say that the skills we test are necessary but not sufficient.. The N

.

|nsp|red teacher might say 1 that educatlon is as much about catching the wonder of

~

- The broad range of research that is being conducted in educ'ation allows for -

—

a quallty of experience  with Ianguage and Ilterature numbers and scnence It can

keep the basic skills from being mlstaken as the soIe measure or, worse yet, the

very end of education. The cHallenge that we face W|th eyldence-based education is -

‘How best to organize the very range of this knb’wledge in-a heIpfuI way to"provide

AY

! ~

g cohereng access to this wide range of evidence, argument and, vaIues This range o

-

extends well beybnd what is found in the medlcal Ilterature though itis but a

fractlon of the size of it |udg|ng by the hoId|ngs of the Natlonal L|brary of Medlcme

' . .
- . ’ ~

\ s - 4 [
P S . . ,

Now don’t get me wrong If there is any Iesson to be drawn from EBM, it is . .

' ' (.
“that educatlonal research should mcrease the number of randomlzed trlaIs it

*

conducts, as this is undeniably a valuable and undérrepresented research technique.

Equally so, current efforts to create reliable directories of experimental educational

/ oh ’
s’ -

-
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studies need to be supported as a way of improving their coordination and ensuring

equitable coverage of student populations. But I differ on setting such educational

\

research as the gold standard.. Rather, we need to hold to this broader conception -

-

of relevant -evidence when it comes to helping educators and others make decisions

~ that affect the schooIs It would be a disservice to. the very goaIs:of education to -

turn policies and programs as well as the life of the classroom over to the strict

dictates of a statistically sngnif cant difference achieved in experimental tr|aIs

) In'thinking about how children should be educated, people need to be ab’Ie :
to move beyond test scores to get"a feel for life in the classroom; they need to see
how, for example, science students make ethical decisions, just as'they need to
Khow whether women have an equal’ opportunity to be sc|ent|sts This is why, in
_thinking about evidence- based education it |s |mportant to think about crpating -

better more coherent access to the whoIe range of educational mqunry ‘The Iarge

and diverse body of evndence that educational research has produced already couId .

- do far more to 'SUpport public and professional deliberations over the educational- ",

values that matter and the nature of schooI|ng It could do much_to inform and

stimuIate peopIes thinking about education possnbly increasing their involvement in

- _ the research process, as weII as drawnng researchers into greater engagement in this -

. 7
public discourse. o .S

TN

For EBM, the issue of providing phy'si‘ciar\s with access to the research has

meant winnowing out virtually all medical research except the abbreviated and

" compiled results of randomized clinical trials. While this offers great possibilities for

’
!

- providing physicians with wireless access to EBM Informatics in the examining foom

¢

during I5-minute patientconsultations | am-not sure this is the road we should take
with education. What is-at stake is well represented in Lons Weiners study’ of what

o
educational research in the I9905 can offer for the preparation of urban teachers
s

Her*article surveys a wide rahge of relevant studies, which allows her to identify not

AN . -
only particularly helpful studies in improving achievement but also critical informative

-

theoretical work on the educational climate. that can provnde participants with

insights into the Iarger relevant historical |deas and roles. Her approach enables her

. to reveal contradictions between poIiticaI and research agendas that have not

otherwise-become. part of the public discourse jround_accountability. She concludes -
~ A ' B . . ) : ) ) - S
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that we need to understand how research, in thiS broader sense, can be made to

matter more in school reform and teacher preparat|on
/ , s ,
It is tempting to say that education has no bottom line. It is a social

'

process, |nvoIV|ng aduIts and ch|Idren communitiés and parents states and nations._

Educatlon is as much a public d|scuss|on over what it means to learn to I|ve -

- -

- together asitisa techn|que for ensur|ng that |nterest rates are comprehens|bIe
Having research determ|ne how we teach our ch|Idren does not becomea .

democracy, or at least does not become it: nearly as much as research that seeks to

expand how we talk, think about, and act on the education.of the young. We do.
not want teachers working in ignorance of the research. We only need to think

~ about research in a-mor_e—'daré | say—educational Iight.

’ . - LY

Dec|s|ons W|th|n educat|on are concerned‘ at times, with raising the

proport|on of test scores that are-at grade. IeveI or better, but they are also* made’

with _much more than that in mind. And in thlnklng about system-W|de educatlonal
reforms, consulting a wide range of evidence makes~no Iess sense. ‘Let us’create .
this’ capacity for professlonals and pubI|c to step back in t|me examine changing
student demographlcs reVIew the poI|t|caI economy of schooI support move in
- cIose eprore student work, or listen to how teachers are responding t0\test|ng
_-pressures. Thls is the case, then, for increasing the prospects_of an eVIdence-based _
.education as a far broader, more educational, and democratically engaged

development. A ™
- . ) . N -

o ~ : . .

This begs the question-of whether teachers, if not the public, will have any

interest in their newfound ability to consult research’.«:T he ‘evidence on teachers’
-

~ |nterest in research is decidedly slight’ but not W|thout promise. For exampIe

\ v

Everton Galton, and Pell found that among the|r sample of 302 teachers in the
Unlted K|ngdom 96 percent “had seriously cons|dered educat|onaI research f' ndlngs
since first qualifying as teachers Most of the teachers exposire (67 percent havmg
consuIted |ournaI artches) happens through in-service programs, while 73 percent
were abIe to name an influential study or find_ing. The e'ducLato_rs claimed that the ~

research did affect their thinking, with half of them believing it led to improvements
~ o ~ . R & . . ) . - . .
in" their teaching behavior, and effectivéness. Not surprisingly, the educators may

-\
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well have valued research thet focusad on the c’eassrcbm, especially as it touched on
teacherpupii interaction end evaluation, but they alsc expressed an interest in
reseerch that “helped them to design their own project; taught them to interpret

data; and enabled them to prepare research summariass'?

This balance between practical concerns and more scholarly pursuits strikes
an encouraging note of increasing professionalism for teachers through greater ease
of access to the knowledge afforded by research, especially as it can be more fully
integrated with the other sorts of knowledge generated in educational settings. The
Everton, Galton, and Pell study also points-to how increased access needs to work
both ways, so that the primary issues for teachers—such as mixed ability teaching
and pupil disengagement—could become a greater part of the research agenda. It
suggests that evidence-based practice could well be met by practice-based

, research.”

AN BYIRENCEEBASED SYSUTEM EDUCATIION

Among the most promising of recent initiatives toward evidence-based
education is the Campbell Collaboration introduced earlier. The Campbell ‘
Collaboration seeks to “develop continuously updated, multi-national systematic
reviews of studies on the effects of demonstration programs in the social and
behavioral sectors, including education.”* Not surprisingly, it is dedicated to
preparing for “practitioners, policymakers, educators and their students, and
members of the public” reviews of randomized field trials, but it plans to attend to
other sorts of research as well. The Collaboration also has established a Social,

‘Psychological, Educational, and Criminological Trials Register after the clinical trials
databases used in EBM.” This will assist researchers in pulling together the results
of various studies through meta-analysis techniques, as well as help to spread new
standards of assessment and evaluation, while affording public access to research

results. It will also enable gaps in the field trial literature to be identified, as well as

allow for the general state of field trial research to be evaluated.

There is also the Evidence for Policy and Practice Information Co-
ordinating Centre, which is at the Institute of Education, University of London.?

Given its goal of “evidence informed policy and practice,” it provides teachers,

o . * Vi s 1@ oM T 2001 FVOL || VISION 35
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-,

~ parents, and policymakers with systematjc reviews of existing research, while
. . attempting to foster a research process that is “open to scrutiny, criticism, and

. i g } L
development; a research process that values and takes steps to encourage
\ . .

< ' participatibn at all stages, by anyone with an interest in education:” The Centre, in

’

defnlng its revnew methodology, is cIearIy not as fxed on the cI|n|caI trial standard

~as the Campbell. CoIIaboratlon Still, it requires of |ts volunteer review groups,

N e

T ‘ made up of researchers and research users, an elaborate process of surveying and

mapplng. the research in a given field with detailed analyses of key studies. v

Both the Campbell CoIIaboration and the Evidence for Policy and Practice

Informatlon Co-ordnnatlng Centre cIearIy represent a vaIuabIe service to educatlon

and research. The|r review processes wnII increase she public and professlonal

.

presenc-é—of—educational—'researc—h.—Both—operate,—however,—on—assumptions‘about

the state of educational research that should be challenged in light of new

y - information technologies. They assume that considerable effort is needed to (a)” : o
Iocate relevant studies, (b) identify and sort out different types of studiesyand (¢) .
' : ,summarize and synthesnze the results of the critical studies into a form that makes

sense for practltloners and pollcymakers This means |nsert|ng a conslderable Iayer

of Iabor and medlatlon between research and practice. N : g

~ R -

'Given that efforts to establish a basis for evidence-'basededucation are just
getting under way, it seems fair to raise the simple but powerful guestion of - - '
+ whether we need to t;uild. an elaborate mediating apparatds between research and -
- practice. Doesn’t it make more sense to vrork' instead with im'provin'g the S
. accesslblllty and |nteII|g|b|I|ty of the research directly, so that it can better serve | ‘
' those it wouId help?. ‘After all, researchers are currently experumentlng with a wide
.~ range of new onI|ne scholarly publishing systems that include e-|ournals, digital

~

\ * libraries, open access, and automated indexing systems, all holding the promise of - T

A

improving the ways in which this knowledge can be managed.” These s);stems could - .

end up doing little more than sirnply speeding up the_publication and delivery of

‘ﬂesearch to researchers\ desktops, or they also could be designed to facilitate - - ‘/‘\ A
/ ) educato‘rs' and thelpublic"s access to relevant evidence without having to build in a
: '/' ’ ‘whole new- Iayer of mediation between research and practice. It is aIready S RS
A happenlng in medlcal research, to stay with our prnncnpal panallel. The federaIIy
E TC \' ‘ |N»B|GHT|22)OI|\'/®L.I|VISION36' ' 37 !
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sponsored MedlinePlus Web site has demonstrated how publlc access to bas|c and -

','system and wouId necessarlly require the cooperat|on of ma|or educat|onaI

clinical tr|a| medical research can be |ntegrated into.an lnformatlon system that

N
serves pat|ents and‘doctors.“ B -

-So, wh|Ie I lend my support to the Campbell CoIIaboratlon and reIated

|n|t|at|ves we s need to do something more dar|ng as'well. | want to advance an

' - P

ambitious-and encompass|ng model for eV|dence based educatlon This modeI

wouId take advantage of new: |nformat|on technologles as weII as the. sp|r|t of open-

‘w

access pubI|sh|ng .that is emerg|ng in the sc|ence on the Web. It vvguld work W|th
what now see‘ms the'gradual, but |neV|tabIe transfer of schoIarIy pubI|sh|ng to -
eIectron|c media, whether,organlzed by a research Ile:ary or profesS|onaI
assoc|at|on Creat|ng an. ef@ctlve pubI|c and profeSS|onaI portal into educatlonal .o

N

research will take conS|derabIe exper|mentat|on—and test|ng to create an effectlve

pg

- research assoclatlons such as the American Educational Research Assoclatlon,

over the last few years, that we can bu|Id systems that could well serve an -

federal government bod|es such as the Off ce of EducatlonaI Research and

Improvement‘ and teachers and adm|n|strators assoc|at|ons

; . ~

I've come to believe, after worklng on new. modeIs for schoIarIy pub||sh|ng

- ewdence-based_approach to education for educators, policymakers, and the public.

SN v ) .
It would require minimal mediation between research and public, as well as minimal

additionaI labor, while incorporating'far wider access to research. AIthough my

‘own work with the Publlc Knowledge Prolect is still at the stage of test|ng

prototypes with users, the cr|t|caI components for such a system now seem

v

apparent.”A research pubI|sh|ng system that would support eV|dence-based

' educatlon for educators pollcymakers and- the pubI|c should-offer (a) a coherent '

' pubI|c gateway to as much of the educat|onaI research as possible; (b) a

sophisticated indexing system that enabIes the research-to be linked not only to

T o

related stud|es but to critiques, overV|ews and data sets; (c) a means of movmg

back\and forth from the research to related mater|aIs on cIassroom practices: and
.

programs government policies, and Ieglslatlon |n‘d|fferent |ur|sd|ct|ons media

reports, and organlzatlons; and ‘(d) support|ve educatlonal resources, such as

summaries, commentaries, gIossaries, reviews, FAQs, and instructionaLmoduIes;

- : . -
’ . “
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which would as soon serve faculty and-students as much as educators and the

-

o o ) . public. We are cIearIy seeklng ways of |ntegrat|ng research W|th, reIated orders of

O o |nformat|on In-this way, the sense and appllcatlon of that research can be more
readllygrasped, just as the ideas it raises can be more fully pursued and eprored,
- ’ ! ) . - T o A N -

* whethe# by studént or faculty, interested prdfessional, or the public (See Figure -1).-

~
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Frgure I Navigational /\/Ietaphor for Pubhc Knowledge Portal Ideally, mdexrng systems should enable
. users to move outward from the research to related resources, as well as to move from the
. resources to related studres Adapted from Wllhnsky (2000).

~ -

- ,

P ] 2 ' This approach wouId lead to ar{ online educationaI research Eor:tal that
enabIes the user to access relevant research ona glven topic, while being able to
L o narrow the search to the poplulatlon study (age poverty IeveI race, region, etc.), and ‘
o N . to the research methodology (ethnographlc experlmental h|stor|caI) It would '
.\ ‘. o aIIow the user to dig into the data to review the students work, or to I|sten to

- " lessons. ‘It wouId alert a user as to whether media reports or reIevant Ieglslatlon

- . o \

(4] : — NI o .
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- were available on a topic. 05 beginning with the media reports and at any given As ambitious as
point, a'user could check related studies, a cited study, or debates over such - such an
‘ : . 3 ! i N - - " approach to
research in the literature. . E S '
; v ’ N - scholarly

“Such a site could form a’common public space for educators and publishing -

. N ] : ] . seems, it could
researchers. Imagine teachers not only adding comments to studies based on their. - )
’ : . ’ " be a far less

¢ - expérience but posting examples from their own or their students’ work (with. -

I

expensive
permission) that bear on a given program: Teachers Would be able to increase their -  approachto

!/
own levels of accountability and professicnalism by situating their own teaching - evidence-based

. . ey ‘ / . - /educvati*o'n than.
: practices within the context of published studies. They would be able to request )
: ‘ o - the EBM model.

participation for their classes in random trials, just as they might invite researchers
to work with them on qUestions of common cohcern. In this sense, evidence-based
education would be about coIIaboratlver creating ‘and shar|ng more of what is to

. be-learned by systematlc |an|ry It would be far Iess about submlttlng to the | .

S evidence handed down from on .hlgh.

- . . -

This design would keep the site far more intellectually and educationally -

i

alive than eV|dence based databases. There wouId be commentarles and cr|t|ques C-

) ~ ' Lo

backgrounds and overviews, all within the users horlzon of awareness. Sucha -
L

global _system for educational research could-also be used to initiate and coordinate

new stud|es to create cont|numg and cumulative educatlonal meastires across a
) W|de varlety of communities. It could engender a far more dynamic research
_model, afforded by shared data and collaborative vnrtual workspaces than exists .

today in the educat|onaI research community. -

. . ~
A . . . s

As ambitious as such an ap‘proach to scholarly publishing seems, it could be
{

a far less expensive approach to evidence-based education than the EBM model. It

would take advantage of new schoIarIy publlshlng systems, just as it wouId not _

L3

depend, after aII ona team of tra|ned researchers-adding another layer of mediation
“and meta-analysns onto exnstlng research resources Rather, it would seek to use
7 new methods of organizing knowledge to take greater advantage of the fuII range of
\ R
educational research that already exists and would certainly continue to be

; : . , - :
produced. This refusal to limit the sources of evidence to clinical trials will mean

1

that the system does not necessarily curtail users’ exposure to ideas, as opposed to

‘
Lo R T L
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results. ‘It would have a place for radical critiques, underrepresented voices, and ,
new conceptions of what, for example, constitutes critical issués like equality in
: . “rt ' ’
education.

-

There is nb questidn that responsible professional educators must consuIta
varlety of sources before making critical decisions. This by no means d|scounts the_‘
experlence and wisdom gained by teachers in- the schools. That® W|sdom needs to
be tested and augmented, however, by the work of others who are devoted to

. o Iearning more about education through systematic inquiry. The democratic spirit of

" this inquiry also means attendlng to the exception and d|ssent|ng opinion The
. research no Iess than the educatlon itself needs_to ‘be seen as part ofa public
' process that makes teaching-and learning, whether of teachers and students or

researchers and scholars, part of democracy’s deliberative spirit.

N

\Rather- than regardi_ng evidence-based education as a way of rationalizing
behavior and goVerning the practices ofa teaching profession\that is struggling(with !
T ‘ . the effects of social disparities that are well outside its making, we need to take '
, . . » /
- hold of the possibilities of increasing the public qualities of knowledge generally, as
b_oth an educational and democratic act. Let us, by all'means, increase and improve

access to all of the available evidence, but do it in a way that can expand the ‘

" : . N
opportunities for learning and exchange all around. H

N .

- - ~ - .
3
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PERVASIVE COMPUTING:
ENHANCING LEARNING IN
-~ THE CLASSROOM AND
- BEYOND

Bill Mark, Ph.D.

(

Bill Mark’s look at pervasive computing will no doubt leave readers excited
about the not—so—distar;t future when powerful new systems will allow us all to
interact with our environment much as our beloved Géorge Jetson did in the
1960s cartoon. While we, too, look forward to increasingly sophisticated
computational devices, we have focused our attention on two currently
pervasive technologie;: the television and telephone. Together these devices
form the basis of a promising new communication service known as

PhoneChannel, presented in the Leaderéhip section.
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PERVASIVE COMPUTING: _
ENHANCING LEARNING N

~

~ whiteboards, and practically anything else. As covertly computational devices

THE CLASSROOM AN@ _
.EY©ND Bill Mark, Ph.D. - e

v

ife is becoming more computatlonal Overtly, computatlonal

things (Iaptops handheld PDAs, and so on) are. W|despread in all developed

)

countries. But the greatest growth——and the greatest potent|alf|s in covertly

computational things: music players, automobiles, TVs, cell phones, cameras, =

become part of our daily lives, and as they becomé more interconnected, they form

a new pervasive computmg infrastructure. Access to’conventional computing In

’

our society has been uneven. Notably, schools in the United States have remained

computationally poor compared to many businesses. But in the perVasive

computing world access may become more even. For example, personal electron|c
\

devices like music players and cell phones are |ncrea5|ngly prevalent among young

people As these devices become more computatlonal they will constitute a

¢

- serious computatlonal infrastructure wherever young people gather Schools may

AN

find themselves in the wave of pervaswe computlng, as students br|ng (or wear)

computatlon |nto the classroom and continue to learn -with it out5|de~of the

" classroom. But this will be only the beg|nn|ng ofa Iarger revolution in which

computatlon becomes a seamless part of education, enhancmg Iearn|ng by proV|d|ng
learners and teachers with new ways to |nteract and share knowledge. Thls article

focuses on pervaswe computing for learn|ng, explor|ng-the growing potential as

\

4
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 controls braking and acceleration in our cars, defines the capability of medical

“phones and pagers) are commonplace; computational wristwatches and other

' \so on. With pervasive computing, this comfortable explicitness disappears. People

. interaction is extremely limited. We allow it only when pur intent is unambiguous

Y

~

1 . LT ~

pervasive computing advances in three waves: interconnected devices, smart spaces,

and augmented collaboration. -
,.

THE PROMISE OF PERVASIVE COMPUTING

* ' We can already put computation almost anywhere.”Embedded computation’

)

instruments, and runs virtually all machinery. Handheld devices (especially cell

wearables are becoming practical; computational furniture and rooms are . -
" demonstrablé: Relentless progress in semiconductor technology, low-power deslgn

and wireless technology will make embedded, connected computatlon less and less

=N

obtrusive.

N N

{ .=

Our relationship to pervasive computing will be different from our .

- . . L . . L . : . . . )
relationship to conventional computing. Right now people think in terms of

performing explicit tasks Qh the computer: creating documents, sending e-mail, and”

~

will do whatever they normally do: move around, use objects, see, and talk."The y

computation in the environment may be able to facilitate these actions; and people
. ~ '. - i \

.may come to expect certain services, but they will usually not be doing things on

the computer.

‘We see the beginnings of ‘this form of |nteract|on with some existing
embedded computers. For example, an automatlc braking system engages when the
driver performs the normal action of pushing the brake pedal. The automat!c
slgniﬂcant; the computation is implicit. Braking simply works better (most.of the’

~

time), and people do not care how. Currently such invisibly computational | S

and when the computer can clearly do the job better than we'can .In order to take
advantage of pervaswe computlng, we must greatly- expand this form of lnteractlon
ImpI|C|t computation will be avallable everywhere, we need to fgure out how to
leverage it. When we do figure it out, it will have a profound impact on most

aspects of society, including education. ' L -

)
\ - .
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Children are constantly learning. In classrooms, learning is usually with

respect to some formal expectations. Teachers find ways to address the highly
individual capabilities and learning gaps of their students with respect to those
expectations. Outside of the classroom, fearning is usually more informal. Pervasive
computing offers the ability tlo integrate these learning venues, bringing the
curriculum outside of the classroom, bringing informal learning into the classroom,
and delivering the insights of teachers and learners.-to other teachers and learners

P

in real time, during the learning experience.

A recent report points out that learning is most effective when four fundamental

characteristics are present:

. \
* Active Engagement — a combination of experience, interpretation, and

L)
structured interaction with peers and teachers

¢ Participation in Groups — the opportunity not only to'imitate others, but
also to discuss the task and make thinking visible
* _Frequent Interaction — frequent opportunities to apply ideas and receive

immediate feedback on success or failure

+ Connection to Real World Context — application of underlying concepts to

real problems'

There are many opportunities to introduce these characteristics into the
learning environment, some dependent on technology, othe?'s not. But pervasive
computing offers a unique way to enhance the Iearni;lg experience by expanding the

. \ .
learning environment, both physically and socially. In particular, pervasive computing
offers students and teachers new forms of interaction with the physical world and
with each other. Consider the following vision of classroom-and-home education

(see Figure 1).
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Students enter the classroom with personal notepads or other ~
‘computational devices. These devices aré Jauto.mat’ically. networked into the
cIa‘ssroorh’s innate comp'utational facilities, which might incIude'eIectronic

* whiteboards and other dispIays‘the schooI’s knowIedge store, and the Internet'at
large. Students-at home due to |IIness or other reasons,  otitside on f'eId trips and
'so on,are S|m|IarIy linked in. All of the computatlonal deV|ces unite in forming an

e

envnronment that is an act|ve participant in the educationaI' process. ™

‘The teacher begins a dichssion of the day’s material. The students

.

[

respond, take notes, and point to images.on paper notepads or. the whiteboard
“Much of the Iearnlng experience is embodled in the spoken |nteract|on and the

i enwronment captures that interaction -|n’order to Ieverage it for enhanced Iearn|ng.
This is not a matter of ’i'ecor,ding and plaxback. The environmeng creates an

, ‘organized'informational digest or context from the discusSion. Based on its’
understanding of that context, it participates.in the learning process, making
proactive suggestions of relevant information and guiding students using pedagogicaI
approaches chosen from prevnous experiences in this and other cIassrooms The

teacher- |n|t|ates most of the cIassroom interactions, sometimes delegating

continuing interaction to the environment, fluidly re|om|ng from time to time.

. .

For example, a particuIar.studen_t interaction pattern might cue the
ebvironment to-interact.with a student or group of students 'according toa
pedagogical scenario that worked in similar situations. Under guidance'f_rom—the
teacher, the environment may link in other students',with simiIar learning gaps and

~ students who have mastered-the material to.join in the interaction. The teacher
may give the environment the responS|b|I|ty for gU|d|ng the students through the

materiaI and giving-them feedback on its own or in con|unct|on with the teacher

,. and other students. At the same time, other students- may be looking ahead or

~

revnewnng Iearning |nteract|ons from their class or others. Students may work
|nd|V|duaIIy orin groups depending on the ‘material and the work styles of the
students and teacher Much of the intéraction with the envnronment is both spoken
and visual, carrie}d on through .the studen‘ts’ notepads, the whiteboard, and other

display devices. 5

- ! N . . -
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During and after school;_the students interact with their personal eléctronic

_devices outside of the classroom. Most of this interaction is for entertainment, but

the devnces are used for homework as WeII Some of this interaction uses sthe

deV|ce |tseIf e.g., students learning about measurement could capture V|deo of and

time their progress through a haIIway. .Other interaction is with the pervasive
computatlon embedded in the enwronment eg, querylng structures to determine

the|r age and constituent materials. The- pervasnve environment is also’ a proactlve

part of the |nteract|on |n|t|at|ng mtéractlon W|th students as they pass near relevant

ob]ects These |nteract|ons could be pIanted by teachers but could aIso be -,
. Opportunistic, as computatlon in-the environment notices the electronic deVIces of -
paSsing students and interacts with them based on stored information about the -

i

day’s classroom experience. -

. CN
Figure |: Classroom-and-home educational environment

P
. P
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devices. Cell
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~
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The students go.home with their devices, turnlng the dinnér table (for at

Ieast part of the tlme) into an‘extended med|ated cIassroom The devnces can

|_nteract with other devices in the home, or simply use their own audiovisual
- - : - . \

the context of the students |nteract|ons durlng the day, perhaps annotated. by the’

teacher during cIass Parents and snbllngs comments are mtegrated into the lesson

\
plan and brought back to school to be shared -with others L '

-

NEAR TERM ((NIEXT SLVEAR‘S)) = @@NNE@TE@ DEVICES -
It is hard'to escape. the proliferation -of personal\electronic devi—c'es. CeII ]
phones are ubiquitous, e\ien\ (in some countries, especfalfy) among children. Pagers
are pr/evalent ‘ar‘nong professionals-a\nd some children. Both cell \phones and pagers
are rapidly gaining in their c\zipabilfty to._handle electronic mail. Personal Digital
Assistants.or PDAs are_ also a rapidly growing category, most often used for address V
book and caIendar functions at this ponnt but with other appI|cat|ons |ncIud|ng
educatlonal software, becomlng mcreasnngly available. CeII phones pagers, and PDAs.
are converging into a smgle devnce that will be used for commumcatlon and

personal notepad functions. -

N . .
v L . !

' These converged devices will represent an evolutionary step between
computers and the “smart objects” that will come later {(see next section).

Computers are general-purpose devices that can perform a wide variety of

functions Smart objects are physical objects that have been giveri computational
capablllty, but whose function-is derlved from and constralned by the orlglnal ob|ect

" For exampIe the brake pedal in many cars has been transformed intoa

computerlzed braking system. The brake does what it always has (stops the'car); it

just does‘it'bette~r. It does not perform any other computational function.

. \’.
¢

. The converged PDA/cell phone/pager will st|II be thought of as exphcntly

_ computational but not as a computer: For exampIe a PDA is modeIed ona pocket

- notepad, a form factor that has been around for’ hundreds, or if you count clay

.
v

‘tablets, théusands of-years. In short, people are quite familiar With using a stylus-

like implement to record small amounts of inforfmation on such objects. In their

. ' - \ .
computerized form, these notepads provide some extended functions (e.g.,

4
N
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‘automated search; soon some speech recognition, e.g.,“Get me Mary’s assistint.’).

1

~ The PDA is not a general purpose computer—it provides only a narrow range of

functions. But it is still computational: people use it for what they view as explicitly
computational tasks (like automated search). The point here is that these devices

will be far more prevalent, and more prevalent across broader communities, than -

NI

conventional computers. - -

~

Devices h-ave more impact when they are interconnected. F;ersonal
electronic devices will become much more powerful when they can be formed into
flexible interacting groups, for example, the group of all of the personal electronic
devices-that are in a particular classroom or the group of students working on a
particular science experiment. Of course, cell phones and pagers are connected
noW, but they are not connected in a way vthat allows flexibility or promdtes group
interaction. Cell phones are connected through a centralized switching nétwork, -
which works well for paired connections, but not for flexible groups. Pagers are

connected only through broadcast networks. Most PDAs are not connected at all.*

But all of this is changing. Wireléss connectivity is a major driving force for
PDAs and other personal electronic devices. Emerging technology and standards

will make classroom scale peer-to-peer networking feasible. A key advance is ad hoc

networking, in which networks can be formed and changed based on the devices

that are within range and are enabled to participate.? For example, an ad hoc
classroom network can be formed amo?'\g the pers.onal electronic devices of
students as each one enters. The teacher’s console, whiteboard, and other -
classroom display devices would be standing members of the network. But even in

the absence of these devices (which will be slower to penetrate into classrooms), a

valuable network can be readily formed from the students’ and teacher’s personal

devices (which are proliferating).

This network can implement part of the visionary scenario in the previous

~ section, enhancing learning along the dimensions called out by Roschelle, et al. The )

personal device network enhances learning by actively engaging students in
information relevant to their lessons (e.g., introducing complementary information b

-

from outside of the classroom and leading students through the solution methods
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 MEDIUM TERNM (NEXT 5§ - 10 YEARS) = SMART SPACES

-
)

of their classmates or other students). The device network also encourages

" participation in groups maklng it easy for students to |nteract electronically. -
" based on shared problem-solvmg approaches. Frequent interaction is avallable

_ through. electronic interaction with the teacher, other students the software on the

device, or a comblnatlon of all of these. Feedback can be tailored to |nd|V|duaI
students base’d on the‘,_ histor’y of their work in a given area, as stored on their
personl devices. Finally, connection to real world context is availablé
whenever students use their 'de’\‘/ices in other situations. ‘for example, e-rnail toa
friehd could automatically bring _up'la geography lesson on a student’s 'devicef a'n
electronic purchase could lead to an interaction about arithmetic-or budgeting.

-

. Conhected devices represent a significant new potential for ‘e~nhan6ing ’
education, but they are on\ly the begihhing of the pervasive computing revolution.
They are, after all, still explicit devjces whose use must be learned and practiced.
In the next ohase; computers will get out of the'way.‘ Instead of being seen as
explicit devices, they will becomepart'of',the ehvironment.

A
'

As computational ‘capability becomes smaller and requires less power, it
. L/ i .

becomes possible to incorporate it into almost any physical object. Computation

starts to be more about spaces than devices. The idea of computation bein‘g used

to create “smart spaces” can be seen as early as the 1960s work of Doug Engelbart

at SR, which explored human- computer systems that could augment human

| cap'ablllty.3 The Media Room developed by ‘the MIT Architecture Machine Group in

the mid-1970s explored the concept of users interacting with room-sized
: . . ’ < \
computational environments.* The result was a new human-computer interface

based on the combination of speech and gesture ihp't]t and text/graphics output.

A decade Iater Mark We|ser and h|s coIIeagues at Xerox PARC were
Jnvestigating a d|fferent paradlgm in-which spaces consist of mvnsnbly computatlonal
ob|ects,’ob|ects that embody computatlonal extensions of their originals (smart
. Post-it notes, badges pads, etc.).} People interact with these smart devices as they
move through their day. Unlike the Medla Room, explicit |nteract|on with the

computer is meant to be minimal to nonexistent. In the “ubiquitous computing”

- . . ~ :
\ . » - 4
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world envisioned by Weiser, people interact with computational entities pretty ,

. /
much the way they interact with physical entities, not the way they interact with

-
A

computers. . : -

- " As the technology of pervasive computing has improved, research in this
area has flourished, producing significant interactive environments based on these
earlier concepts. The MIT Media Lab’s Things That Think proje\ct shares much of the
heritage of ubiquitous computing.® The Smart Rooms of A. Sandy Pentland and
colleagues have a similar point of departure but additionally create complex 3-D
information environments that leverage human spatial reasoning capability.” Smart
Rooms and Pentland and Liu’s Smart Car also focus on inferring human intentions

through their actions in order to provide enhanced interaction.® Classroom 2000

brings the smart-space concept into the classroom, with dautomatic indexing of

whiteboard and video imagery to lecture notes.’

s

s smart spaces evolve, people will not have to work through (or possess)

devices in ord&torI participate in computationally enhanced experiences.

¥

do what they normally do, with the computation invisibly making things better,
faster, safer, and so on\ The vision sce_nario previously described, iIIXstrates this kind
of interaction: As studefts move around, the computational wo Id proactively helps
them learn, alerting them\to aspects of the environment that l; relevant to recent
lessons. Active engagerkent and connecti;m to real world context are
fostered in students’ daily lives throtgh the proactive involvement of the smart

spaces they inhabit.

Enticing as the smart space world is, it has a major shortcoming: It ignores
n . . . "
the interpersonal interactions of people in the space, e.g.,f general, the room
ignores spoken utterances froh the lapel microphones not specifically directed to

it This is an important simpli

ing assur;\ption that rffakes widespread

implementation feasible within the/next 10 yéars, but it also defines the smartness

of the space in terms of hu an-com;I)uter interaction:hmbility of the space to o
understand what people are trying to tell it.\ln\fact, people(will interact with each

other much more than they interact with the environment, matter how smart

the environment is. i IR

¥ !
v ] - = N s 1@ H TIQ00! fVOL | VISION 53

N o—
| 502 . - \



-

- o &.@N@ TERM ((IEY@N@ TD%]E NEXT ﬂ@ YEARS}) = _
AVGMENTED @@&.ILAI@RAT’U@N . B

» -
- ’ N . Tt ’

- T .. ... Most of people’s Iearning and knowing is conveyed through spoken ~
- : : interaction with other people. ‘Pervasi\re\ computing environments must understand
| ' ; natural speech and dialogue in order to hring this huge part of human activity into = ' .
, 'the learning experience. This reduires far more than recording speech for later ' ‘ ; .
| ) - playback People do not learn much by I|sten|ng to transcrlpts—even if they are
o wéll-indexed and enhanced with mu|t|med|a content Such interactions Iack the >
fundamental Iearnmg-enhancmg characteristic of actlve engagemen.t In order to | e
\cenhance the comblnatlon of experlence |nterpretat|on and structured |nteract|on
| W|th peers and-teachers that act|ve engagement entails, the pervaswe computlng B N

‘ - O ° -
enwronment must—understand and- augment -the-largely-spoken- collaboratlon of-its

participants. o - ~ ' o /

Speech is “in” The last several years have seen the ma|nstream|ng of/speech S

N ' recogn|t|on technology, for both telephone interaction and dictation appllcatlons !

\

, Thls_ speech technology represents a stunning but I|m|ted achievement based on

\ oL
years of research:\Much of it is restricted to (single) human-to-computer'

4

. \|nteract|on Understandlng multi-person casual (or* ‘natural’ ’) speech remains a -
o Fesearch endeavor There are many differences between human-computer and

human-human interaction: When people talk to each other in all but the most

\ o - formal settings, they have conversations. They use casual speech with"all of its-
‘ eIIipses, disfluencies (‘fuhh” “umm,’ etc) and toplc changes People sI|ght|y overlap
each others speech, especially if there are more than three people in the space.
Gesture recognition becomes important because gesture is an integral- part of - ~
~ natural, speech. The environment must also identify and track_speakers'so that it
will know who is saying what to whom, identify refepénces to objects and images in E S
—the.'room, and s|5ot and follow‘topics through the/shifts-and turns of an Vongoing - C -

conversation.

, : e - o . .
- . In order to augment collaboration, the environment must go beyond

-recognizing the speechito integrating what is said into a shared context for its
. - R \ N

~-participants. Context.is the representation of the information that is relevant to .

. El{[lc !EQLINOL | | VISION 54 g 5 3




v

/

Q

ERIC

Aruitoxt provided by Eic: .

N
.

- . . . - -

the peopIe and deV|ces within the space. This: context must be a’ composmon of -

reIevant’ |nformat|on Mere collection of |nformat|on is of much lower value. In the
Iearn|ng environment, coIIaboratlon is a multi-person (teacher-student[s] student-
student[s]) effort to create a sh_ared context that represents correct understanding -
ofa set of concepts. To the extent the computational environment understands the

’

coIIaborat|ve interaction, it can heIp learners develop correct understanding. As

|IIustra{ed in the V|s|onary scenario in Figure |, it can expose them to pedagogy that

has worked in similar sitbations, connect them with other students who aIready

’

have a correct understandlng,f' nd reIevant |nformat|on out5|de of the environment,

,and even point out conﬂlcts with other parts of the context

/ 7 )

'[EW@{L@’FH@N OF VHIE TE@[H]N@[L@@Y -

~

Pervasive computlng will affect educat|on perhaps in the ways and over the .

times sketched ‘above, perhaps in different ways over different t|mes In any case,

" the evolution of the underlylng technology will be a key driver in what actuaIIy

-

.occurs. Technology evolves. It is subject to the forces .of selection in society:

" economics, demographics, and behavioral norms and changes The course of this

evolution, like any evqut|on is notor|ously hard to pred|ct The outhne in the

previous sections is just one possibility, cont|ngent on a large number of factors. '

,
v - h

-

Among these are some fundamental factors that WI|| play a key roIe in"the

technology evolution. One fundamental factor isthe exponentlaI rate of progress in.

‘.

~electronics and computat!on Moores Law"" is a characterlzatlon of the speed of
the advance of silicon electronics; there are similar characterlzatlons of the speed of
advarce.in network-technology‘and connectivity. The technology of the connected

device world (Near.Term section) is in hand now (that is why. it can occur within
B . ’ ¥ . P
five years). - ' '

Equally fundamental are the human behavioral characteristics that will shape

—

the evolution. The fundamental human habit of creating associations with physical

R ) ~ v . . - .--\‘
spaces ensures that pervasive computing will not homogenlze the world, e.g., we
will always have learning spaces. Human be|ngs have a profound need to interact -

with each other, especially using speech Even in the near-term world of connected

" devices, peopIe use the dewces primarily for commt_mlcatlon with other people.
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-existing metaphor. This:is the smart object approach: PeopIe think of the

. even though they are new to our experience. -

When computatlon becomes part of the enV|ronment, people will continue to

communicate with each other, and they will expect the environment to understand
\ .

them in order to asslst or augment what they are trying to accompI|sh Technology

W|II have to evolve in at least two d|mens|ons to survive in this world.

- ) - ‘ . ‘ . ) . e
"= First, the technology must evolve in ways that help people think about and

—

|nteract with computatlonal enV|ronments if peopIe uSg computation in an’

they th|nk about the environment? People will-need new, metaphors to aid-them in -

“the ‘cohererit structuring of experience”” The easiest approach is to inherit an
i
computationally enhanced object very much the way they thought of the pre-

computation original (e.g., the-brake pedal in an automatic braking system).

Another a'pproach is to project a metaphor based on some aspects of physical
reality. PeopIe know that they\are interacting in a computatIonal (or“vmnual ") world; the

- metaphor helps them o learn and understand the workings of that virtual world The

desktop mterfbce (i.e,a computer. screen with certain icons govemed by certain rules of

N

behavior) wouId never be confused wrth a physucal desktop Nonetheless, people can use
the phy5|cal desktop asa metaphor for. thinking about how o transfer activities (arranglng .
documents, filing, etc) from their physucal world to the virtual desktop world

Fnally we can create a metaphor Computann can be used to portray worlds '

that are OU!SIde our convenUonal concepwal system but that are- understood by users in

" terms of a self-consistent synthe5|s of known concep§ For example video .games and

s|muIanns I|ke S|mC|ty create coherent world views that are comprehenslble to people,

~

-

Pervaswe compuung environments are real physical. spaces, but real phy5|cal
spaces do not do- anythlng when people interact in them. People do not talk to phy5|cal

spaces and expect them © respond How does the space show its reacuon to an
Vlnteracuon or noufy users that it has performed a task’ How doés the space know that

‘someone is talklng to it? Science fiction authors have imagined a future in which people -

interact explicitly with'an anthropomorphic_computer that controls a space (like the
infamous HAL 9000 of 2001 A Space Odyssey " or the shi'p—vyide computaﬁonaler_fvironment
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addressed as “Computer” in StarTrek 1'%). The pervasive computing environments of
science fiction have super-human interaction skills. Péople in the space assume that all of
their interactions with each other are understood and that all of their interactions with the

computer are properly interpreted and dealt with.
AN
The foreseeable future of pervasive computing environments will be much

different. People’s metaphors must evolve with the growing capabilities of the ;pace and
with their increasing experience with this form of interaction. The automobile was once’
very much like the then-familiar carriage—only without the horse. The “horseless carriage”
| metaphor was an import;nt evolutionary steppingstone. In the future, the horseless
carriage metaphor could further evolve intd a“driverless car” metaphor. Pervasive
computing metaphors could similarly evolve as an extension of smart object metaphors:
from a smart shopping list that manages itself on a PDA, to a smart refrigerator that
manages the larder; to a smart kitchen that manages the family’s meals. The smart shopping
list starts out as a straightforward inherited metaphor from the real shopping list. The -
smart refrigerator is a conceptually easy next step From ther’e; the “mom-less” kitchen

seems comprehensible.

From a future historical viewpoint, people will be seen as having ceded more and
more responsibility to .pervasive interaction environments. But from the point of view of
the people interacting in future pervasive interaction environments, things simply Work that
way. Talking to rooms or nodding to refrigerators will seem enﬁrely natural. The

metaphors of the past will seem quaint: Whoever thinks'of a car as a horseless carriage?

The challenge is to continually improve the technology while maintaining
" appropriate metaphors to guide people along the way. Augmented collaboration will be
very limited for many years to come. The metaphors need to help people create and

maintain the appropriate notion of the partial competence of the space.

The second dimension of technology evolution involves understanding real human
interpersonal speech. As mentioned in the previous section, this is a research problem
(which is why augmented collaboration is at least 10 years off). The fundamental problem,
as artificial intelligence researchers have long known, is that it requires a great deal of

»detailed knowledge to really understand what people are saying. We commonly observe
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" This is not to say that we cannot progress untiI we achieve the entire solution. One

~ ’ '

that i it is extremely drﬂicult to,understand what people are saymg unless we have some '
knowledge of what they are talk|ng about. : _ - b

— [

. Demdes of work have gone into understanding the structure of Ianguage, and

there has been substantial progress.' Nonetheless, the challenges that remain are daunting.

-

evolutlonary approach is ‘o set the goal‘at only parual understandmg of the information.

For example, mﬁmnauan extraction aims to understand key elemens; not hecessarily all, of -

- verbal information, much I|ke skimming a body of text” A reasonable near-term goal (one

s

~ -the conversation, even if not every word is understood.  ~ - -

~

that still requlres s'igniﬁmnt research) is a,-'pervasi\(e computing environment that uses'
information extraction techmques to map spoken |nteract|on into an externally proV|ded

 context like a lessSn plan. The space will not understand everything that is being said, but it

will greatly enhance the interaction of the people in the space. ’

.-

Another evolutionary approach. is topic tracking. l:olIOwing.the threads of a

conversation is essential to understanding rulti-person speech.® Conversations move

“among different topics, even within a focused task. Conclusions about a topic may foIIow

after several intervening topics have been discussed. One 6r more speakers may or may .
not “get their say” on a particular topic, which is often an imiportant fact for mediation and
= - * A 4 ' - .‘ .

. decision making. Enumerating all of the topics may be imporlant for later information

extracuon (“What did we-talk about yesterday’") and so on. Topic track|ng does not

reqmre fall understandmg of the conversatlon, only recogmtlon of key phrases and some’ J"

understandmg of the rules of human d|alogue (eg. how a sub]ect is |ntroduced and

reintroduced). A good top|c tracking system can recognize the fundamental structure of

F|nally there is response genemuan -The computational environment must be able

to hoId up ns end of the\conversatlon A natural assumption |s\that the enV|ronment

should j ]om in the conversatlon verbaIIy but that approach has twoproblems The firstis -
that -synthesmng natural speech is extremely difficult Anyone who has dealt W|th _
syntheS|zed speech\ls aware that current technology produces stllted hard-to-understand

speech The second problem is that a spoken response is not always best. For example, in

;-

the first scenario in thls article;a group of swdents is worklng ona problem ina classroom :

\

‘that contains other swdents The best way to convey a response to that group is not

- . )
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necessarily to generate speech: 'Depending on the content to be conveyed graphics or text

I

might be a better option, To present the: gestalt ofa complex situation, speech is rarely

best. (“A picture is worth a thousand words”)

'
\

among and instantly prodiice responses ina varlety of media. As is often the case, this .-

mpaCIty for varlation is an. evqutJonary advantage Even in the earliest phases of .
development, the enV|ronment will be able to*produce some kind of usefuI response: As
technology lmprovements enable new mpabllitles, the enVIronment will be able to lncrease

its repertoire, evenuially |ncIud|ng fully namral speech synthe5|s

4

information extraction and move along a path.toward an ever more complete

understanding ‘of human interaction. Reésponses generated by the environment will evolve
from the largely visual to a fluid combination of spoken and visual infon'na'tion based on the

content to be conveyed the characteristics of the environment, and the needs of the

|ntended reC|p|ents : S L !

. -

+ Pervasive computing will enhance edumtion by seamlessly expanding the Ieaming

enV|ronment beyond the classroom and by offerlng hew ways to actively engage Ieamers

-with the environment, their teachers and each other. The focus of thls article has been on

the synchronous lmpact of this new worid ie, the impact on Iearners during the time they

are involved in the Iearning |nteract|ons It i worth noting that this is only part of the

potential impact, and it may not even be the most important part_ .

An interesting and far-reachlng aspect of pervaswe computing is the potential to
mpture and organize the information that is relevant to peopIe as they go through their

Iives——including their edumtion As dlscussed in the LongTerm section pervaswe '

-computing environments will begin to.develop contexts that embody the information that |
is created and used by their participants. These contéxts will be compositions of the
N sub|ect matter that was discussed, the extemal materials that were referenced, and

,evenuially the spoken lnteraction of the people in the environment.
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In edu::ational settings, these contexts will embody what people have ledrned as \.
children and then later as aduls. A context will become a personal resource that- grows
with and belongs to-an individual. A person wil refer to a context to refresh his or her
memory,to selectively share his or her. knowledge in group actwmes, and perhaps even to
use as a portfollo when Iooklng fora |ob More excmng, contexts——to the extent -
mdeuaIs are willing to share them—become a resource for communmes and society asa
“ whole. The entire expenence of chlldren Ieamlng to read ina communlty could become a
resource of the schools, available to proactively coach new learners and train new teachers.

The day-to-day mteractlons of teachers could become a resource for the,teachlng

-communlty and for cumculum developers.

' . -

Pervaslve computung will be a revolutlonary change in the way computatnon

) “r

mtersects soaety It is up to all of ys to make sure that the change is for the better. R

rd
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THE NEXT GENERATION
INTERNET AND THE
SCHOOLS

-Louis Fox, M.A. and Ron fohnson, M.S., MA.

J

Louis Fox and Ron jc;hnson present an interesting and nontechnical overview
of Internet2 from the early days of ARPANET to the newly launched Internet2
K20 initiative. Mr. Fox expands this discussion in the Leadership séction and .
provides insight into some of the more innovative applications currently

under way.
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_changes in business; commerce, government science, health care, and educat|on

THE NEXTGENERATION e
INTERNET AND THE _ o

‘ . \

hegevolution in computers and telecommunications networks and

I

the acceIerated~ rate of this growth, along with the global explos'ion in knowledge™

g and ready access to powerfuI comrmunications tooIs are creating unprecedented

‘New jobs, new industries, an epros|on in entrepreneurshlp, new modes of

communlty bunldlng, |ncreased learning opportun|t|es ease of access to t|mer

|nformat|on and global markets; and the ability of an extended communlty to

interact closely across space and" time: all are d|V|dends of this revolution in ~

. — . . o
network and information technology and the remarkable underlying Internet "

cuIture of change. Yet the fruits of this Informat|on Age are out of reach for many

in our nation. Th|s gap, the “digital, d|V|de threatens to contlnue to_cut off some -
popuIat|ons from new opportun|t|es Access to new forms of educat|on good jobs,
medical and heaIth lnformatlon communication, and the chance to partIC|pate in the

affairs of the broader~soc|ety may be denied to them. For some citizens, technology -

‘brings the promise of inclusion, opportunity, wealth, and better health; for others,

.o

greater |soIat|on and contnnunng poverty Many look to our K 12 schools to brldge

~

this gap.

- N . . ~ L, o~

America’s schools are the doors to participation in the Information Age for

. n 1 - X C e .
all children; however, schools hayve been slow to embrace these new technologies

with the related culture of change and opportunities they represent. This article
- . (¥ : T

N
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will explore some of the opportunities and challenges presented by the Next

Generatlon Internet, in° partlcular the effort known as Internet2 and by the clash of

-

schooI and Internet cuItures It aIso will Iook at the need to realign school

technology adoptlon and deployment models to, take advantage of new (and

) - e N\
eX|st|ng) Internet technologles i - ' '

‘

;o A note of caution: )Predlctlng the future h|stor|.cally has been work best left

to: prophets and oracles, or to their modern day counterparts economists. That
!/

. said, our schools must endeavor to prepare students for a future they (and we) can,

at best, only dimly imagine;Thus in this articIe we wiII Iimit ourselves to
~

observations that stem from actual |nstant|at|ons of prom|s|ng technologles some in-
experimental or aIpha stages. And so our view, where we stray from what is

known Jis toward a poss|bIe seemlngly probable, future and necessarlly ‘through a

glass darkly

F[R@[M] Tl}{]E DNTERNET T@ DNTERNETZ , e

' The current Internet, sometimes referred to by its technology community

as‘a th|rty -year overnlght success,” has its roots in-the I960s as special-interest

prolects of a small band of u Lnlver5|ty-based computer scnentlsts and researchers.” In

/

- 1969, the USS. Department of Defense‘s_Advanced Research Prolects Agency (ARPA)

‘*’establis.hed ARPANET,.the forerunher- of the Internet. The ARPANET network, ‘

~

- . N \ ' I -
along with a research and development process, connected computer scientists and

- . . f N ~ . . . ) .
computers at the University of California at Los Angeles, the’ University of

California at Santa Barbara, Stanford Research Institute, and the University of Utah.
, e -

Within a few-years, many other educational and research institutions connected to

“the network and became engaged in “Internet-related” research'an/d de\_/e‘lopment.

’

Durlng the 1970s, deveIopers created the arch|tectures and protoc’ols used “
to enable Iargely |ndependent ¢computers to talk to one another via an open and, .
.compared to the proprletary alternatlves hlghly scaIabIe and extensible network
1970 ARPANET hosts started’ uslng Network ControI ProtocoI (NCP) the first

host-to-host protocol. By the m|d-I980s,Trans_m|ss|on Control Protocol/Internet -

Protocol ('fCP/IP) had-become the dominant protocol in the 'research and
. . \ . . . X ~ Al . .

/ . . ,‘I,

' \ .
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-education worlds. |t is now the lingua franca of nearly all computers and personal

digital assistants (PDAs) in the world.

<

In‘its infancy the Internet was quite a forbidding place for thie uninitiated.
Those who used the Internet (mainly computer experts, engineers, and scientists)
. . / . .
had to understand and work in esoteric computer programming dialects. Users had

to keep in their heads a"revolutiona‘ry new set of architectural assumptions about

an unprecedented level of connectedness and interdependency among hardware,

software, information, and users. \

\
)

The rapid growth of the‘internet (and the Internet tools and capabilities we
have and use today) was in great measure not so much a result of the root !
' i

technologies themselves as it was and is a result of what is often called “Internet

culture.” For example, in sharp contrast to other approaches, the developing -
: ; . P :
Internet standards (here the word “standards” has a much different meaning than
that of a rigid agreed-upon di(_:_tate) and protocols, along vsl_/ithv other basic
documentation and related tooIs were shared with any and all, freely and-openly,
along with a standlng invitation to participate in further development of standards,
protocols, and tools. More important, the Internet standards protocols, and tools
were (and remain) a dynamic product of a broad and open community process
where the ultimate tests are not formal agreements and spec;f cations or votes.

Instead the true tests are rough consensus both in the development process and as

evidenced by real-world adoptlon and worklng code (| e., proven workablllty and

“interoperability in the,Internet and among the overall Internet technology mix).
The power of this open process that sustains such standards and protocols, coupled

_with the explosion in participation that’the open Internet standards approach

prowdes enabled rapid evqutlon of core Internet technologies and the quick
emergence of network-oriented apphcatlons Newsgroups listservs, shared access

to files, and, foremost, electronic mail all emerged as viable and popuIar applications.

Progress was remarkabIe The ARPANET grew to encompass ‘more
research |nst|tut|ons ’f'he unique open Internet standards and the de facto

development paradigm of “rough consensus and working code” enabled broad

N

participation in the development of the Internet.

/ . ) , . AY
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of the World Wide

/. . . "
- ! - ’ . -
N - - ’ : N . . ’ : ‘ - ' .
Perhaps the most By the mid-1980s, over: 1,000 hosts were. connected to the Intérnet. But
N
significant

'running a quasi-production network to link all manner of research and education
Internet event of ~

g institutions. was outs|de the. scope of the Defense Department In 1986, the. "~ "
the 1980s was : .

the creation of NatlonaI Science’ Foundatlon funded a new network focused at frst on prowdlng
the technologies wI’despread access to fi ve U.S. supercomputer centers. This new network caIIed

_ -NSFNET, also was’based on TCP/IPtechnoIogle& It became a cornerstone of the g
Web (WWW).: In a ‘

gIobaI Internet that evolved from ARPANET. The four research sites of the or|g|naI
[tey development,

Tim Berners-Lee " ARPANET evoIved into hundreds and then thousands of h|gher educat|on and R

and scientists - corporate research NSFNET sites. This enabIed the part|C|pat|on of thousands and
affiliated. with
CERN (Geneva),

then tens of thousands of deveIopers and |mp|ementers who coIIectlver

\ ) acceIerated the expanslon of the tooIklt and content of the Internet. By 1990, over
_ .ﬁhe-Eumpeam

" Centre for High |00, 000. computers around the world were connected to the Internet (Its or|g|naI

¢

Energy Physics; matrix, the ARPANET was decommlssloned that same year) ‘ . ‘ Lo

established the : T ’ N . - N
. protocol based ' With the emergence of user-oriented and “friendlier” e-mail tools like Pine

on hypertext that " * and Eudora, which were based’ on Internet standards and developed in accord with -
" ]
_,makes & possikle the Mternet pr|nC|pIes at un|vers|t|es anng with powerfuI and nonpropr|etary :
to connect the <N
message handI|ng protocoIs (like POP and IMAP) and better, more human-friendly,

Web with ~€asy-to-use connectivity tooIs I|ke NCSA Telnet (wh|ch aIIowed users to connect

cowﬁéwﬁ on the

. hyperlinks. PCs and Macintoshes), and user-oriented interfaces for I|stservs and newsgroups

7/

_— , - the Internet rapidly opened uap. and engaged a much broader communlty of users -

- . and -contributors, - [ \
- f - - i v N . . ! ) ’ e o
‘ ‘ :

Perhaps the most s|gn|f icant Internet event of the I990s was the creatlon of
S .~ _ the technologies of the World Wide Web (WWW). In a key deveIopment Tim
Berners-Lee and scientists aff‘ liated WIth CERN (Geneva) the European Centre for

~ High Energy Physlcs established the protocoI based on hypertext that makes it

1

, | developers at NCSA at the Unlverslty of III|n0|s released aWeb browser caIIed

¢

Mosalc aIIownnchomputer users to view fles on the World Wlde Web more easily,

J _ files that-include graph|caI eIements as weII as text. With the stage set by pervas|ve

‘e- ma|I messag|ng capablIltles and the broadIy extended connectwnty provnded by the . .~ .

NSFNET the add|t|on of the WorId Wlde Web caused the Internet to become - - _

- . ~
2

~ -

. L \ N B ~

poss|bIe to connect ‘the content on the Web with hyperI|nks Then, in I993 - .



, . R -
~ . -

) . I : : .
broadly useful and to engage a critical mass of users. These developments set the B} -

stage for the m'as,s popuIarization and’ commercialization of the Internet. : o

By the end of 1994, 'the Internet had truIy arrlved The NSF and NSFNET N .

: communlty actlvely sought vehicles for * prlvatlzmg ".the Internet and more actively

bringing it to the worId outside of research institutions and deveIopment\ b

" communities. As a result, there was an explosion of private companies contending

7/

to provide Internet access to individuals and institutions. Similarly,a growing
" number of institutions in the educational sector (K-12 schools, colleges, universities;
libraries, and museums) began to b‘e con,necte\d-and’to contribute to this globally,

linked communications network and warehouse of information. The “privatization”
i I

" of the Internet reached |ts recent apogee by the Iate 1990s as mnumerable ’ S

companles rushed to establlsh an online presence products and services. The . .

‘recent global sto_ck market downturn has led to a “shakeout” of Internet businesses

. where only the'strongest_'companies have sufvived. o ' o 1

- o g .
Most business and technoIogy Ieaders agree that this recent economlc L

’ -

phenomenon is ]ust a consolidation phase; the Internet will_continue to pIay a

i sngnlﬁcant ‘economic and social role i in the twenty -first century, perhaps I|ke -

-

ran_lroads, or the steam eng|ne, or the technologies of mass production did earlier.
. 'Today,'in fact, nearly half of all US. households have Internet access. The number is
even h|gher in tanada and in Scandmavna And the ‘rest of the world is catching up
y © even as the Internet expands from computers to PDAs to next generatjon ceII

phones, and to "home and busnness appllances In, the end this remarkable

phenomenon |s at Ieast as much a product of the organlzatlonal and social PR N
, . \ ha SRR
innovations of the Internet cuIture as |t is of the power of the core Internet

technoIog|es themseres o - o

N J . . .
;s ~ Meanwhile, today’s‘lntern'et;the commodity or’commerecial Internet—Has
\ T
recognlzed a number of limitations. At the same time Aumerous opportunltles and

new POSSIbIIItIes have emerged “Some’ chaIIenges like the inability to provide
workable ‘quality of service” or end to- end performance guarantees needed for

. appllcatlons such as vonce teIephone calls (wh|ch have strict and demandlng

-

constraints dlctated by the necessary requnrements of the human ear) were outsnde .
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= _the scope of the Internet’s original design goals. Challenges, such as dealing with '

tomorrow’s. gargantuan amounts of traffic, numbers of users and sites; and ,

s v v R S

. - . requirements for Internet addresses, are the consequences of unanticipated success.
- - ~

'Other new but challenging ooportunities, like the delivery on demand of real-time,

\ B

.movie-quality, high definition television (HDTV) or even films over the Internet, are
. the product of extraor"dinary progress in a wide array-of technology industries that

. are now convergent with the Internet’s evqutnonary path.-
/- o -
\ . ! . ] ' . 3 . ’ ) .
. Since the m|d-I990s the Internetv and Internet technologles creators have
- ) '
~been planning to. update and extend these technologles to address those limitations

e ~

e

' o -_ .and chaIIenges There are.a number of typlcally overIapplng and cooperatlng groups,

. |ncIud/|ng the Internet Engln{eerlng 'I'ask_F_orce (IETF) and the University Corporation
jor A\dv\anced Internet De/velopment (UCAID), who,_have been ‘working with the

‘ Internet research. community to .moI/e_beyond the current commodi“ty Internet -
technologies to creaté the “Next Gener'ation Internet" or\f‘NGI”/capabiIities "The
ma|or US. test-bed and focus-of deveIopment and deployment for the next

\
. generatlon of Internet technologies and fabrlc is Internet2. -

,
. - . , ) . . <~ -

. !
L " ~  Internet2 is a consortium, led by more than 180 universities, many of which,

along with ind\qstry-.and goverhment partners, are the institutions and ihdivi’duals :
. who created the origInaI.Internet. The }purpose ,of\lnternet2 is to develop and . .
'fdeploy' a'dva"nced network applications and technologies, thereby ac_celera'ting\the -
_creat|on of tomorrows Internet capabilities. It is |mportant to note that this - o
b, a partnershlp—and the ensumg development cycle from research and development
Y ' - to partnershlps to prlvatlzatlons and uItlmater, to technology transfer-and

O ! commercnallzatlon——ls being dellberately-and sngnlﬁcantly acceIerated in Internet':2.

The primary goals of Internet2 are to (a) create a Ieadlng-edge network
capablllty for the national-research community, (b) enable revqutlonary Internet"
appllcatlons, and (c) ensure the rapld transfer of new network servnces and
L " . applications to the broader Internet community. With thé latter goal in mind,

. Internet2 has Iaunched a‘nd will lead an Internet2 K20 Initiative to extend advanced X
\ . ‘. :

N networks, appllcatlons and ‘services to the rest of the education community. Uniike

the first generation Iriternet, which took nearly three decades to reach the
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. 'mainstream education community and public, the goal of this initiative is to bring

innovators from across all education sectors to the table.

\

Y

The iInternet2 K20 Initiative will engage K-12 schools, colleges and
universities, libraries, and museums (and their government and corporate partners) /.
.~ in the development of partnerships and collaborations across a wide range of areas
A
that leverage Internet2 technologies and networks. The Initiative will focus on
programmatic and content efforts that are likely to facilitate tgaching, learning, and
.access to educational opportuﬁities for the broad education community and its
constituencies. Potential areas to be pursued include advanced content
repositories; advanced applications; middleware collaborations; advanced network
services; broadband, and related research,'evaluation, and information sharing. The’
" following is a description of éxamples of these efforts and the technologies that will*

support them. !

.

THE INTERNET2 K20 INITIATIVE: BACKGROUND

.

- - As many in the higher education technolbgy community are aware, there’is
;1 staggering array of often opposing or diverging berspectives, interests, beliefs, and
aspirations within K-12 and higher education that relate to the potential uses and )
misuses of technology in education. In the yiew§ of some, technology is a caté;ly,st
for the reform—‘even the traﬁsformationfof education. For others, technblogy is

~  an essential tool for improving access to education. At.the other end of the
spectrum, there is the view that technblogy isa distractic;n or even an evil force.

e " We also are aware of the involvement of an amazing number and kind of often
powerful énd sometimes feuding organizations, societies, academies, associations,
agencies, movements, special interest grbups, unions, publishers, corporate entities,

foundations, and other brganizations. Local, state, and national levels in education,

educational change, and in many forms of “ed-tech”: none are exempt.

Meanwhile, in education and elsewhere, over-promising, unrealistic
expectations, magical thinking, unintended consequences, scope creep, diverging
goals, too. many cooks, excessive complexity, rigid bureaucratic appr-oaches, or lack
of focus are fatal ﬂawsﬂthat often undermine technology initiatives. }he majority of
leaders in the technology research, development, and deploymé_m community .

Y
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recognize that often technology hasn’t lived up, to its promises. Even so, they

continue to believe in the power of networks and technology to sometimes

“transform. They are impressed by the many instances where technology has

significantly enabled, enhanced, and extended areas such as health- care, government,

commerce, science, and education.

In the education environment, however, there often seem to be special
cultural, organizational, and economic im'pedjments to‘bringing technology into K-12
schools and classrooms. The deployment of the Internet’s remarkable “relationsHip"
and “publication” téchnologies to enrich and extéend the degree and quality of
communication and participation among students, teachers, and'parents poses
unique challenges. Many U.S. schools are not yet even on the road to significant
implementation of previo)us generation Internet technologies. Proven tools with
proven benefits such as pervasive e-mail and listservé remain unimplemented or

N

even unplanned in many districts.

A decision was reached by the Internet2 community to extend acces;:'. to
Abilene, the Internet2 national network backbone, to the broad educational
community and thereby engage innovators kfrém all séctors of educatjon in the
development and deployment of advanced network services and applications. This
consensus evolved through conversations émong various Internet2-related councils
and groups and discussions among Internet2’ members. This decision, however, was
neither rooted in broadly shared-goals for, or exuberant optimism abou{reforming
or transforming K-12 education (or even higher education!), nor was it based on

widelyshared desires to join forces with groups with such aspirations.

.

—technology related, and which would be best served by enabling Internet2 member

institutions and “connectors” to bring the many innovators and innovative schools
who do exist in K-12 (and in K-20) to the table. These are innovators who share
interests in and commitments to advanced netwolrxk.ing‘, content, services, and
applications. Many in fhe Internet2 community believe that an important lesson was
Ieérn:eci from previou\s networking and technology experiences (e.g., World Wide

Web). That lesson is that big payoffs come from getting tomorrow’s technologies

—
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(and often preferred open standard based vers|ons) |nto ‘the hands of as many .
. . - !
. ' innovators and sectors as qu|ckly and as connectedly as’ p055|ble This time;, with- S |

- . B

.~ - _ thelnternet2. K20 ]nltlatlve it seems pOSSIb|e to bring in the broader educatlon

Ty communlty much sooner. Innovators across the educatlonal spectrum could be -
v oo invited! ~to engage in |n|t|at|ves |nvoIVIng Internet2 technoIogles without over- ' .
. - s

promlsmg,overextendlng,or Iosmg focus of its advanced technoIogy missions. > ' /. -

s , - . ~ ~
. . A

A N Ihe approach developed to connect the broader educat|on communlty to,

i

Internet2 is through a process called * Sponsored Educatlon Group Part|c|pants -

A (SEGPs) The new SEGP program is intended to allow expanded access to Ab|Iene E o N
> v forstate and reglonal educatlon networks through sponsorshlp by Internet2 o ', - .
! - un|verS|ty members State and ‘regional networks may |nclude nonproft and forr - - ST

/

prof it-K=20- educatlonal institutions; museums;" I|brar|es, art gaIIerles “or- hospltals

These are entities that would require routine collaboration on instructional, cI|n|caI
and/or research projects, services, and content with Internet2 members or with .
L o | other sponsored participants. The program began in early 2001; and, as,of

| ‘ September there were already fourteen state K-I2/K-20 networks part|c|pat|ng and

passmg traff c onJnternet2. An additional twere states have expressed interest and

N ~N

. it appears that by the end of the 200I 02 academic year, there may be as many as
o twenty-ﬁve states participating as SEGPs. If 'so, that will bring an extraordlnary

: number of K-1 2/K-20 museum, and ﬁbrary innovators to the table and enable a .
. b

" sweep|ng range of diverse initiatives. The eventuaI result wouId be very broad

— part|c|pat|on across'a large number of schools and districts.
The fundamental Internet2 K20 issue remains Kow to achieve Internet2’s

B . TN - N
goals of rapid technology creation, diffusion, transfer and evolution These goals are

oo L the defining cr|ter|a for determining |nternet25 reIat|onsh|ps and roIes in Internet2
- s K20 |n|t|at|ves and partnershlps School technology Ieaders and Internet2

PR
innovators agree that a well:conceived and. realistic approach to K-20 can be a.win-

o T . for both the Internet2 and thé K-20 communities.
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Broadly stated, the Initiative has six goals: (1) to bring innovators in K-12,
community colleges, universities, libraries, and museums into appropriate regional,
national. and international advanced networking efforts, creating new “workgroups”
where warranted; (2) to develop mechanisms for enabling quick, pervasive technology
diffusion and transfer; (3) to create mechanisms for timely communication across
educational sectors and regions; (4) to leverage and propagate Internet culture (“rough

consensus and working code” involving a diverse range of parallel independent efforts)

along with education, private sector, and government partnerships; (5) to get interested

and capable SEGPs connected and properly engaged in existing workgroups and
projects; and (6) where there is interest and realistic opportunity, include appropriate
experiments irrlearning and education and help enable experiments involving ‘

innovative deployments of advanced technologies in education at SEGP sites.

Among the many activities of the Initiative, relevant state and national special

interest groups are being formed in areas described below:

»  content: actively seek out local resources and support (e.g., in music
[ethnomusicology and music education], documentary film, animation arts, local

history, photo archives, course materials, etc.)
* learning courseware, curriculum repository,and access projects

+  video: H.323 and future interactive video and multimedia technologies, digital video,
low- to high-end video multicast, and the convergence of on demand video and

broadcast /

 scientific apparatus and other broad application areas which could be shared
b
across educational communities
* middleware, enhanced portal, and “relationship-ware” deployment and partnerships

« advanced 12 server technologies, caching, and co-location

*  |Pvé deployment to remove some key “legacy Internet” limitations

7}_ | M»8 16 H T ] 2001 |VOL. || VISION 73



’ internet2 will ~ = - SEGP representatives and colleagues from their key constituencies ~
i 4

‘encourage & _ (colleges, K-12 schools, libraries, museums, etc.) who are interested in part|C|pat|ng
strong research -

: - in the. wor‘k of the Initiative began meetlng in late summer 200I Initial meetings
.and evaluation

N component in ail .will be used as a springboard for sharing |deas and shaplng prolects and for the

projects:and development of an outline of the fi rst-year agenda for the Initiative; with
initiatives, | ofinements comlng from In|t|at|ve partncnpants durlng the academ|c year _
. especially those \
: : Slmultaneously and throughout the year, as more state and reglonal networks.

‘where there are )
learning, clinical, ! choose to partncnpate the Internet2 project directors will meet in each state or

organizalional, or region with interested stakeholders to determine how to engagexlnnovators from

social claims or )| odycation sectors in the work of the In|t|at|ve _
consequences. . = .~ _ . - . , L

- The ‘Internet2’ community is worklng within the foIIowmg framework and

: goaIs for th|s |n|t|at|ve ‘

- N T

I4

e o + -An Internet2 working group, called the Internet2 K20 Initiative, will be the

T n1echanism to facilitate coordination efforts of qualif‘ ed parties who are
. o intérested in explorlng educatlonal uses. of I2‘technolog|es across and
‘ - e throzlghout K-20. Coordlnatlon efforts will-include a variety of approaches
_ - IncIuded will be conference caIIs engaglng outstanding K 20 |nnovators in
. - ongomg Internet2 efforts and ‘the establlshment of communlcatlon framework,
o . WhICh mlght |ncIude VIdeo :and telephone conferences reglonal workshops and

- o ' meetlngs as well as the creation of spec|aI‘ interest groups, at the sf.ate reglonal

. —

~ - . N -

- .5 - and national levels. ~ - . - . U _ .-
- s ) l_ - . - - - -
* The primary means for ‘engendering K-20 participation in advanced networking,
. - N )

© Y- - services, content, and applications efforts can be via participation in existing ~
v S lnternet2 vyorkgroups and initiatives:'This approach will be the initial focus of .
| . the Initiative: ' L | s /r‘_ - 0
e R ’ L . . I , ' -, ’ )
*» Where new and attractive Internet2 content, appI|cat|on or service- reIated
i - - |deas emerge from the |nternet2 K20 Initiative that involve new workgroups or .
T *_projects, they will be added and supported as Internét2 efforts, as will ideas and
\_ initiativesthat arise from Internet2’s education or research members and
. 'partners. B B -
‘ - . - ' i R . Yo
\ .
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Where there are Internet2 mission-related advanced technology content, -

servyices, and/or applications initiatives»under way in K-20 or other reIated :
communltles |nternet2 will pursue efforts to coordinate our respectlve efforts
as approprlate usnng the In|t|at|ve to do sb. For exampIe ‘there may be interest

in engaging K-20 innovators in _Internet2s arts and humanities |n|t|at|ves. :

~

- . - -1 e -

Internet2 has no expertise in significant educational reform or transformation,

~

- nor in the uses of technology outside ‘of the research university community.

Consequently it wnII not attempt to pIay the program leadership, role in-
conduct|ng such efforts Internet2 will, however, eagerly participate in and Iead

—technology components of such efforts where part|c1pat|on supports sngnlf' cant

-

_Internet2 technology and technology diffusion and transfer goals Internet2

N

‘goals for the K20 In|t|at|ve are (a) to enable inhovators in educat|on and in

technology to have access to and employ our next generation technologles in

the|r efforts and (b) to ensure that |nnovators in educatlon museum, and

~

I|brary commun|t|es employ Internet2 technologles as the|r deveIopment

pIatform whenever appropr|ate v . _—

. N Ty

: Internet2 will encourage a strong research and evaIuation .component in all

A

)
projects and |n|t|at|ves especnaIIy those where there are learning, cI|n|caI

- N
organlzatlonal or socnal cIa|ms or consequences , . s

-

The K20 In|t|at|ve can assist the SEGPs and other educatlon communlty
coIIaborators to establlsh effi caclous and appropr|ate mechanlsms to capture
and communlcate the knowIedge generated by and from |n|t|at|ves |nnovators

\

and exper|ments The K20 In|t|at|ve W|II work to d|ssem|nate such knowledge

in the research education, and technology communities.

~ - : ’ . . ~ . -

K20 |n|t|at|ve partners will |nvest|gate the ¢ creat|on of purpose buﬂt Internet2--
sponsored K-20 conferences and workshops to heIp facnlltate understandlng of
Internet2 opportunltles and to st|muIate and sustain coordlnatlon ‘and

coIIaboratlon among K- 20 ‘communities and other mteré‘sted partles Voo e
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UNTERNET?% A@V@\N@E@ APP&D@A‘F’D\@NS . . -
Digital video is * ' _ The advanced networking environment of 'Internet2 has enabled the

. expected to pla - o
pected fo'Pla¥  creation of revolutionary Internet app||cat|ons However, thse appI|cat|ons often :

a major role in
' require network characteristics not eneraII ava||abIe on today’s commodi

applications that q g Y )' o

will change how Internet, such as high bandwndth IeveIs multicast, 'Iatency (delay) control; and ||tter

i
we teach, learn, (variability in deIay) controI EventuaIIy these new technoIogies and capabilities wnII

ollaborate, and
\.c ranorate, ant e deponed throughout the global Internet In the meantime, |nnovatorSffrom aII
¢ conduct research .

sectors of education will have an opportunity to depon, experiment wnth and

in higher
. 7 education. deveIop new appI|cat|ons or take exnsting appI|cat|ons to new levels of capability
« ] -
o Here are a few examples of current appI|cat|ons being deveIoped and tested on
I_nternet2. ) " . / ’ o N )
" DIGITAL VIDEO, S S T

The Internet2 Digital Video Initiative (12DV) is a.nati\onal higher education

vndeo network service developed to provnde ‘capabilities and to support scaIabIe and

.

easy-to hse appI|cat|ons to deliver live or stored streaming and interactive high-

‘quality digitaI video. The term “video” incIudes traditionaI video and also

7

; . Asimulations, animations, vnrtual reallty movnes images with auqio sound tracks,
-remote control of microscopes and other mstrumentation and other types of -

~ digital med|a objects. Digital vndeo is expected to play a major roIe in appI|cat|ons

Y.

that will change how we teach learn, coIIaborate and.conduct research in higher
v
o education. B o , S Co

. N
1}

’ - | Currently, many (not all) of the appI|cat|ons of digital vndeo on Internet2 are

R o ' prototypes experimental prolects and conceptual designs rather than supported

| , production services. One |nterest|ng and real-world prolect and coIIaboration is
the ResearchChanneI which, among other innovations |n digital convergence,

. _provndes a pioneering\combination ofa real-world broadcast television channeI (as

i . seen on the Dish consumer DBS network and various CAT \ systems nationaIIy)
~ \
/ wnth IV-quality on-demand vndeo (www researchchanneI com). - e

~ _ N
[l - -

_ $eyond deveioping the technoIogies needed to deIiver live or stored

R streaming digital video, the Inte’rnetZ Digital Video Initiative is working on ways to -
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-gather, store, and establish a means to license and distribute content for courses, [Currentlystherelis)
informal lectures, documentaries, and videoconferences among Internet2 member ittielsecurity
with!

and distributing highly specialized digital video content. . J (st .

, institutions. This Initiative greatly enhances and expands capabilities for producing

- N . o be ae
ADVANCED VIDEOCONFERENCING (H.323 AND BEYOND) : h s ol B

H.323 is an International Telecommunications Union (ITU) standard for
-

interoperability in audio and videoconferencing over Internet Protocols (IP) as well -

L) .
as Internet phone and voice-over-IP. Other standards exist as well, namely the [ETF  enx) povesy

, Simple Initiation Protocol (SIP). These are umbrella standards that specify Senvicesiioy
- ‘ )

mandatory and optional requirements in several areas to enable a complete “call”

or communication sequence.

-~ ,, \

The goal of videoconferencing on Internet2 is to create an environment
77Where one can truly interact with others without the barriers of distance.
Videoconferencing“can be delivered efficiently to one viewer or to muitiple viewers

P simulfaneoﬁsly if it is being transmitted over a multicast-enabled network.
Videoconferencing can be used on a single desktop or in a room-based L -

* environment and can be scheduled or left open 24 hours a day for drop-in use.’

) Ffarticipants can be visualized in different ways, including showing tbe current -
speaker on the screen or having all participants’ persistent presence lapp‘ear in a box
on the screen. The 12DV Videoconferencing Subcommittee of Internet2 is planning ~ '

- to develop an information exchange that would allow participating organizations to o

gather and make available information via the Web about videoconferencing work,

experiences, and available resources at the various sites.

1 -

'

Currently, there is little security associated with videoconfereﬁcing. Much
work needs to be done before there will be appropriate authentication, ‘
authorization, and privacy services for videoconferencing. Further,
videoconferencing is ‘very sensitive to packét loss. Quality of Service (QoS) “fast
lane” treatment on-the network is essential (more about QoS follows).

-~ Implementing QoS across autohomously managed networks is still in the

development stages.

- - . - ~
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In a tele- There are important social issues associated with videoconferencing as well.
immersive _ae-to-eye contact is, difficult due to the separation of the monitor and the camera,
environment, " T L . B e

S : wh|ch ‘can Iead to the disconcerting feehng that occurs when someone you are
computers :

rbcognize and talklng to looks over your shouIder the entire time. Work is be|ng done to embed

tracl the ~cameras into the monitors to heIp align part|c|pants eyes. The future of

presence and

-

vndeoconferenclng may be in the development of teIe |mmers|on a technology that

movements of -
s combines vndeoconferenclng wnth vnrtuaI reality, transcendnng the |ntr|ns|c I|m|tat|ons
individuals and " o -
 objects and of the camera o, |
then permit - _ : ‘ - o
{ : REMOTE INSTRUMENTATION - s
. them to be - .. z ] S

| . ‘’

. , Many scientific instruments’,can be connected to Internet2 and operated
realistic, three- S ' LT IR
\

| - v oy ) . ’ A P
" dimensional remotely. I , . S ‘ . )

projected onts. °

Screens.

e _ " The Un|vers|ty of North Carollna at ChapeI Hill has deveIoped the
L NanoManlpuIator This appllcatlon aIIows Iong-dlstance remote controI ofa : -

- scanning- probe m|croscope The viewer observes objects at nanometer scale as.

" _ three-dimensional images.- A haptic, or force-feedback device, allows the viewer to -

“touch” what he of she sees. www.cs.unc.edu/Research/nano/’

- ) 4
’ \ N -

TeIe vator is computerlzed excavation backhoe that can be remotely

'

N -‘operated over Internet2 high-performance networks. Because of its size and
potential criticality of operation (e.g.; in hazardous rescue situations),TeIe-vato\r

requ|res a hlgh -level of soph|st|cated two-way feedback, including adequate depth of

— . B

' : ‘V|s|on provnded via high- def‘mtnon stereovnslon B .

www.lnternet2.edu/resou rces/|nfosheetV|deo.pdf

. i . N N .o . - N . - ' ' .
~ : _ - :
-- : R . The Unlverslty of IIImons at Urbana-Champalgns Bugscope prolect is an -
~_educat|onaI outreach program aimed at K 12 cIassrooms "The prolect provndes a:
: L
resource to classrooms so that students can operate a remote scanning electron

1

\
. -mlcroscope to image “bugs at hlgh magnlf catlon The m|croscope is remotely
. . ’ controIIed in real t|me from a classroom computer over- Internet2 uslng aWeb

browser. http //bugscope beckman. uiuc.edu/ L ‘ RS

) - - ' \ . ' = - ~
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"\VIRTUAL\REA'LI,TY' ST

" Virtual reality (VR) is the simulation of a reaI or |mag|ned envnronment that

.can be experlenced vnsuaIIy in- the three dlmenslons of width, height, and depth and -
R4

i that ‘may also provnde an |nteract|ve experlence vnsuaIIy in fuII real-time motion wnth

‘
,

sound and, poss|ny, with tactile and other forms: of feedback Basnc elements and

|deas of VR were in pIace in. the I980s but it took the advancement in affordable
comput|ng power in the: I990s to bring VR cIoser to reallty o '

P

1N -

The s|mpIest form of virtual reality is a 3-D |mage that can be explored

- |nteract|vely ata personaI computer usually by man|puIat|ng keys or the mouse so

that the conteht of the |mage moves in some direction or zooms in or out.
v <

N ’ , I}

, -

. Current Internet2 research on virtual reality is centered on tele-immersionQ
oo . S o n . -
" . ‘. : , . | oA
TELE-I‘IMMERSION S : ‘ L

-0 . . § ' : . - '

-

Tele-immersion is a new telecommunications medium that combines

. . R
[P . . - 4

aspeCts of‘v'irtual'reality and videoconferencing It enables people to interact in reaI
tlme as though they were'in the same room, even though théy may be separated by

time and space. This new resource provndes an opportunlty for the.fuII |ntegrat|on

]

of VR'into the everyday work enVIronment and goes beyond the I|m|tat|ons of -

' V|deoconferenc|ng ~Rather’ é’nan merely observmg peopIe and thelr immediate -
envnronment from one vantage po|nt (a camera is Iocked into portraying a scene
- from its own pos|t|on) tele -immersion. environments convey muIt|pIe |mages as

movnng scqutures that appear in the virtual space between users wnthout favor|ng a

~

single po|nt of view., Users can manipulate ob|ects as though they were work|ng

E o . - : ST
models, . S : ST

A4 - o~ L .- R

Lt
) /,- N A
. !

’ In‘a tele-in"fmersive environment, computers recognize and track the
presence and movements of. |nd|V|duaIs and ob|ects and then perm|t them to be
L
prolected onto realistic, three dimensional screens. Seen through a pa|r of

-

poIarlzmg gIasses the screen dlssolves |nto wnndows reveallng, for mstance other

offices with other people who are Iook|ng back at the user

.
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+.In tele-immersion; physical andvirtual environments appear‘unlted. for both

_input.and d|splay ‘This new paradigm for human computer interaction is the

AV

uIt|mate synthesis of networking and’ medla technoIogles and therefore represents

S~ : the. greatest technical cha||enge for, Internet2 If a computer network can support
L tele-immersiofi; it can probably support any other appI|cat|on “Tele-immersion can -
be thought of as the next’ logical step in the deveIopmeht of virtual reallty Jaron

Lan|er often descrlbed as the father of vnrtuaI reallty, is the ch|ef 'scientist of the

. y Internet2 National Tele- immersion Initiative.

-~ ~ N

,H'.IGH-FIDE_L.ITY AUDIO ANDfBROADCAsT:NG

L . 4 t ’ \ .
- N - l : -~

The  ability to transm|t streaming reaI-t|me high- fdel|ty audio and V|deo )

’ . N ' Ed

. . over the advanced Internet2 nétwork allows technoIog|es usuaIIy assocnated wnth

the sciences to add exciting new dimensions to the arts and humanities. Internet2
networks provide the kind of real-time, high-quality audio and video that, for the

. i
_first*time, enable. distance coaching at the highest levels of musical performance, as

: LN - / Ll s ) . './. “ .
o, ) well as offer the possibility of remote orchestral job auditions and performances —

with remote collaborators. This type of interactive, high-fidelity aldio is not

. . possible over the commercial Internet due to bandwidth and other quality-of- -

C. ) : / .
service limitations which have been overcome with Internet2. Here are a couple of

| [
examples of how Intérnet2 is usmg its advanced networklng abilities to- further -

ro h|gh-fdeI|ty aud|o and video broadcastlng

P -
\\ . . N

\' coTT S . ~Estab|ished in I987 under the artistic direction of Michael Tilson Thomas'the'
| : " New World Symphony trains the most gifted graduates of d|st|ngu|shed music: -

programs for leadership positions in orchestras and ensembIes around the |
, ' ~world. The New World Symphony, the first orchestra to, bet:ome,an |nternet2_

member, will use high*performance networks to dffer.its 85 young musicians

B ongoing access to'great teaching artists at major music schoolsand . . . ., I
: 5. y . 4
" - < 77, conservatories across the/country. i .

- . ° ) RN T ~

*«  KEXPa Seattle-based noncommercial radio station,in partnership with the | _ -
“University of Washington and the ResearchChanneI:Consortium_, transmits
' around'-the-_clock uncompressed audio stream of its programming over the

.~ /. Internet, Internét2 listeners receive the highest quality audio experienge ata B

- - ’
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rate of 1.4 Mbps. Streaming uncompressed audio over Internet2 high-
'perférmance networks not only represents.; the “gold sfandard” in delivering the
richest and the purest mu.sical content but also demonstrates how Internet2
networks can distribute the work of artists in the highest quality possiblle.Th\is
allows an audiencé to experience and appreciate music the way it is meant to

be experienced live.
/

ENABIINGIRECHNOUCGIESE

The following are examples of some of the underlying technologies being

-

developed to make the, previous exciting applications possible.

MIDDLEWARE | :

-~

\

The term “middleware” is used to cover a broad array of tools, information,
and what.programmers call “hooks” that help applications use advanced network

resources and services. Technology wags also refer to middleware as that which

‘doesn’t want to be addressed either by those who provide the infrastructure or

those who write the applications. In reality, middleware can be thought of as glue

layers that provide reliable, standardized support services |iké authenticating users

and authorizing them (or not) to use specific applications or have access to certain
resources. Indeed one common application of middleware is to provide the >
comhon services and inforfnation ﬁecessary to allow applications to restrict or

enable access (“log on™) to certain resources. ' .

A

"Relatively straightforward—though still exceedingly cdmplt_ex to design for
any shared environment—middleware such as authenti‘catioﬁ' (are people or
programs who they say they are?), authorization (what is he, she, or it aIIoWed to
do?), and the directory services needed to keep track of users, resources, and any

rules that may apply to them, comprise essential elements of any shared network

- computing infrastructure. Other services, such as cooperative scheduling of

hetworked resources, enabling secure multicast or interactive video or object
brokering (matching requests with providers for relatively high level services, such

as databases, format, or protocol conversion) are major middleware preconditions

IN 816 HT|2000 [VOL | [VISION 8I
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Attaining this -~ for many applications and services sought by the research and education -
tevel of - communities. These include a number of innovative applications.
cooperation is as o Co . .. , N
important an aim - " Broad a'doption' across education of certain standardized middleware fabric_
of internet2 as is - N ®
’ ' isa key requirement for address|ng tHe needs of the. education communlty for
the development
of the tools capab|I|t|es like’ user-frlendly, but broadIy shared and h|gth cost-effectlve access to

themsélves.! It is . I|brar|es music, and other |nteIIectuaI property, for use of wndely and safer shared

. an endeavor that |nteract|ve services; and for workabIe and properly protected wnde-scale student”

arallels-the - .

- para™l records access and transmission. To attain these possibilities, Internet2 mnddIeware :

development and "
must be, as a ractlcal matter, |ntero erable between applications, amon campus s

evolution of the P P PP g P €

. Internet and’ and other educatlonal' instltutlons and the wider Internet Th|s effort wnII not be -
58!"@" Internet - successful if |nd|V|duaI groups or |nst|tut|ons build their own |nternaI vers|ons of”
technologies.. - v
° 9 middleware -and then try to patch the p|eces together Instead we need tools,

- -« ~ policy frameworks,and standards that are reasonany common (again, as in rough L
. consensus and working code ") across institutions. Attalnlng this level of

o _ “cooperation is as |mportant an aim of Internet2 as is the deveIopment of the tools

themselves: It i is an endeavor that paraIIeIs the deveIopment and evolution;of the.

- Lo Internet and earlier Internet technologles =
R ) . . . N v

NN . - -~ . —

W‘I’Vé' . f' . .

1

—~

— - ” ~ ~

. ' Over the next few years conventlonaI computers: wnII be joined on the .

’

Internet by a myrlad of new devices, |ncIud|ng palmtop personaI d|g|taI assistants .
(PDAs) hybrid mob|Ie phone technology with data processing capabllltles smart
- B set-top boxes W|th integrated Web browsers, and embedded network components

~in equlpment rang|ng from office copy machlnes to k|tchen appllances

BN ~

oo 7 Internet ProtocoI version 6 (aIso referred to as IP next generatlon or IPng)

.

is needed because the Web WIII run out of addresses by 2005. The current

‘.

- technology, known as Internet ProtocoI version 4 (IPv4), supports just 4 billion

addresses not nearIy enough to* cope with the epros|on of new devnces that wnII

SR connect to the Internet and need addresses. o v S

L / - . i E . .
With ‘the long haul i mind, IPvé has been outfitted with an enormous | 28-

bit addyjess space;(IPv4 currently supports 32-bit addresses) .tha_t should provide
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gIobaIIy unique addresses for every concelvabIe variety of network devnces for the

foreseeabIe future (i.e., decades) - -
~ ’ )
-

_ But IPv6 is a big pac_kage, and addressing is only‘ the miost visible. component~

: ) ) ~ ", v . ~ 3 ‘ » +~
.. of theework. IPvé also attempts to deal wnth cr|t|caI bus|ness requlrements‘for

more scalable. network archltectures improved securlty and data mtegrlty auto

confi iguration, mobile computlng, data multicasting, and more effi c|ent network route

N

aggregatlon at the global backbone IeveI

\

I

In May 2001, Cisco 'Systems announced it will supp’ort IPv6, and Microsoft

couId have IPvé support ready by next year Desplte the benefits of IPv\6 many

‘

organlzatlons may continue to use. IPv4. Network Address Translation (NAT) wh|ch 5

requires only a snngle IPv4 address for an entire network has proIonged IPv4s

- lifetime |ndef'n|tely However new classes of devices quI only be able to use IPvé. -

~ ’ -

S|nce IPvé and IPv4 can exist snmuItaneoust on the commerc|aI Internet this will

not reaIIy Create a networklng probIem Many of the answers to quest|ons about

-

./\
the transltlon from IPv4 to IPv6 will depend upon how Mlcrosoft |ntegrates i the / -

new protocoI into its software appI|cat|ons S .

1

—

7

-IPMULWCAST. U

IP muItlcast is an |mportant part of Internet2 as it enabIes one copy of
dlgltal information, usuaIIy hlgh ban/dwndth reaI-tlme audlo and vndeo streams; to be
= received by muIt|pIe computers at the same time (somewhat as radio and TV
programs are broadcast over. a|rwaves) Prior to |mpIement|ng muItlcast all. traff' c -
on IP networks was unicast: one user requestlng files from one source at another

Internet address." For |nstance in a vndeoconference cop|es of the same data are -

unlcast to the number of receivers present With IP muIt|cast one copy of the

same data, sent to a group address: goes to one |:outer,’wh|ch:then sends it to -

multiple receivers. IP multicast results in significant-bandwidth sayings acrossa =
N . . ' . . : - , . " ’ . ‘- _
network. : _ . . -

-

Mbone or the MuItlcast Internet Slnce most IP servers on the Internet are not -

i

configured to.support the multicasting part of the IP protocoI; the Mbone was set _

' - - .
- — i - 8

Voo ' . . ~
- E " <
4
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~vo:c:s OVER IP I

Y NS . . ._4 o ' - .
N . . \ . o . L, s
. - .t ‘ -
.up to form a network within the Internet that couId transm|t IP muIt|casts One of

the strategic goaIs of Internet2 is to support native muIt|cast |nstead of relying on .
the Mbone overlay of muIt|ca§t tunnels. The Ab|Iene backbone routers have native

muIt|cast enabled o ’ (7. : _ .,
QUALfTY OE SERWCE (QOS)

..\ .‘/..

; One. of the prlmary goals of Internet2 is to support the research and

.7

|
~ education. m|ss|ons of universities through the deveIopment of new advanced

networked appI|cat|ons The commerC|aI Internet cannot prowde the necessary end-

v

to-end performance assurahces needed to run these applications over a network

. K
) '

Quahty of Serwce\ (QoS) refers to the capablllty ofa network to prowde

better service to selected network traff" ic. The type of QoS deponed on Internet2 is -

known as’ “dlfferentlated serV|ce ’This means that certaln advanced application data
PP!

packets‘ will get preferentlal treatment over‘ other types ‘of_trafﬁc. N

- - . . N

The current routers operatlng on the Internet treat all packets as equaIs if- -

thére is network congestion, the router. drops packets |nd|scr|m|nater The Internet2

QoS enabled routers are configured to. g|ve advanced appI|cat|on packet traff‘ c pr|or|ty,

however, there are still no absolute guarantees that packets will not be dropped dur|ng
’a

congested per|ods While the hlgh-capaCIty Internet2 I|nkaare rarely congested itis’

. still |mportant to depon and to test QoS capabilities, smce even hlgh-capaclty I|nks can

" stffer instantaneous congestlon, and,therefore, the occaslonal packet Ioss. T~

A

-
~

QoS across autonomoust managed hetworks is still very much’in the
deveIopment stages Th|s is an issue for ma|nta|n|ng high performance across not only
a smgle W|de area backbone but also muIt|pIe backbones and enterpr|se networks Of

course, campus and other networks need to be upgraded to contemporary network -

standards in ordér to participate in these QoS development and test|ng efforts

\ . g, e - N

-~

V0|ce Over IP isa generaI term for. the technoIogles that use the Internet

ProtocoIs packet switched conn\ectlons to exchange voice, fax, and other forms of

~

|nformat|on that have trad|t|onaIIy been carried over the dedlcated cnrcult-sW|tched

.
H

v - ’

\
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connections of the Public Switched Telephone Network (PSTN). Rather than voice .
traveling in the traditional circuit-committed protocols, it is converted into discrete

“packets of digital information and sent over the Internet using IP.

The Ehallenge of Voice Over IP (VOIP) is to deliver voice, fax, or video
packets to a user in a dependable flow with minimum delay. Much of IP telephony
focuses on this challenge. Internet2 is ‘the ideal networking environment for VOIP

because it gives precedence to VOIP packets over other applications when or if

there is congestion on the network.

—

T@-EN [PERFORIMVANICEE

Internet2 member universities have gained access to high-performance .
" backbone networks:Now; under-certain-conditions within-particular regional-and

T~

local network environments, faculty, researchers, and students can experience the
~ full Benefit of this infrastructure in the developrent and use of advanced.

applications: - : (

However, too oftéen many developers and campus network useé experience
a gap between the potential of the national high-performance networking

infrastructure and their ‘own experience when they use the netyork to accomplish

their work.

The goal of the Internet2 End-to-End Performance Injtiative is to create a
predictable and weII-suppol‘ted environment-in which Internet2 campus network
users have routinely succejsful experjeﬁces in their development and use of
advanced Internet applications.- This is accomplished by focusing resources and

A

{ . .
efforts on improving performance problem detection and resolution throughout

campus, regional, and national ‘networking infrastructures.

INTERGIET CULSTURES TEWARD

ANYENING SCHEOL AN
INEREFENRERIEE AND HSvEROFERABIMTY .

The authors strongly, believe that the organization,wchitecture, and culture
of technology and its role in a school matter fundamentally. They can have a

decisive effect upon the ability of a system or school to leverage technology for

Q - 83 IN s.muNQUVOL.m{stolss
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o Internet
technologies and

t

cultures also rely

o~

. !
change and for support of i its core missions; and they often define, c|rcumscr|be,

, enable’or |mpede In general they. can.shape the approaches to all probable uses of

heavily on

- decidedly
Darwinian

approaches to

: evoh_lo the -

) tocl:hnology and its
Implementatiohs.
Instantiations of a

technology

o
typically are seen -

as serving a

evolutionary -
p_urpos‘o as

- vehicles for
finding -am’!\
flgurlng out what
does an(doesn’t
work, and for
,achieving
necessary

. adapta’tlon‘by :thp
techndojy to, at

least, survive in a.
; .

‘
critical mass

number and/or a

variety of.

environments.

-,

'
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_ mfrastructure were allgned wnth th|s area. = . - o

technology in any part of that institution. Technology infrastructure and

arch|tecture (wh|ch frequently dlctate or reflect the technology culture of an

|nst|tut|on) condition the possnb|I|t|es, nature, and likely success of a d|str|cts or

, /

schools technology |n|t|at|ves If the core |nst|tut|onal technology archltecture and

——
culture are not well-or|ented to a mission, funct|on or application—like teachlng
and learnlng, or open and free communlcatlons, oran academ|cally or|ented (rather
than-administrative) e- publlshlng |nfrastructure—then pursu|t of that mission, .

functlon .or application area will be more dlffcult than if the technology

— .

Unfortunately, in ' many systéms and schools, adm|n|strat|ve systems and <

adm|n|strat|ve telecommunications rema|n the sole technology focus. and dr|vers

1 \,
N

Bu|ld|ng the technology organization and arch|tecture on adm|n|strat|ve systems

=

- tends to create an enV|ronment that-|s centrally controlled, procedure and”process

\

drlven and best suited to runnlng a bureaucracy in high-control and accountablllty )
modes Alas, such relatively |nﬂeX|ble centrallzed examples of technology

management and arch|tecture comb|ned with an admiinistrative focus make it
harder to stimulate, d|scover, develop, and evolve appllcatlons, technology, and

content that enhance Iearnlng, teachlng, and commun|cat|ng Centralized,

~

adm|n|strat|ve-or|ented systems structures, and ph|losoph|es are not partlcularly
- \ .

attuned to or supportlve of the needs and pr|or|t|es of learning and teachlng They

are structured to manage trad|t|onal projects and resources effectlvely, not to:

L.

encourage- broad experlmentatlon with (and use of) new technology, independent
action, unstructured collaboration, d|str|buted partlclpatlon broadly interactive -

commun|cat|ons, or. collaborat|ve communities. - R . o
4 ‘

The ma|n point is that such centrallzed processes.are: not well dlsposed to

‘nurture the powerful technology |nnovat|on and adopt|on forces of the Internet

technology and culture. In fact, they are often |n d|rect opposmon -

~

N

- The evolution of Internet technology itself and many of the great success

- - . \u . I ’ 4 . - . - " )
stories in bringing Internet and other technologies to bear in efforts to change and

—— N . -
- .
, . . .

'
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enhance teaching,,learning, research, business, and health cJare are the products of a
much different model with a different set of tools and philosophies: Internet

: o i
approaches are based on"stimulating and enabling diversity of innovators and
impIementers to work in parallel with only loose—and, in nfany cases, no formal—

coord|nat|on Open evoIV|ng, community-owned Internet standards are the

uIt|mate tests of interoperability, and critical mass adopt|on is often the main

mechan|sm _of coordination. It seems that in K-I2 we will need to achieve similar
levels of effective'participation, creativity, energy, and diffusion to tackle the

challenges we face. . : - .
, ' : . ; N . (S . s
" Internet technologies and' cultures also rely heavily on decidedly Darwinian
!
approaches to evolve the technoIogy andits |mpIementat|ons Instant|at|ons of a

technology typically are seen as servmg a calculated evqut|onary purpose as .

veh|cIes for finding and fi fguring out what does and doesn t work and for ach|eV|ng
.y . /

’ - N g . . - p
and/or a yariety of environments. In Internet industries and contexts, the often--
) N : . ) B .
used process is to drive evolving technologies, applications, and content to as many

desktops and servers in as many local environments as. possible. This is done best

with mechanisms requiring minimal local human intervention:

Indeed, frequently what works best in the continuous evolutionary crucible

of the Internet is configuring the technologies themselves to fit into or auto-adapt

‘to many contexts. E-mail, browsers, listservs, network}ldeployments, and Web-

servers are all examples of this! ‘These are all cases where important progress
comes by evoliring' the technology so it-works in the maximum number of contexts
, _ P - .
with the least need for broad organizational processes and structures To be sure,
there are often standard models‘\or a set of “best practices for |mpIement|ng and

managing the technology, but these are primarily guiding and fac|I|tat|ng rather than

dr|V|ng forces. But even where it is people, not technology vectors, who spread a

new idea, adaptation use, or form of technology, it is an evolutionary—rather than a

t -

A}

central*planning and coord|nat|ng—model that drives and informs technology ’
progress and new and |mproved uses of technology. Capturing this kind of
dynamism and evqut|onary progress seems crucial to generating susta|ned progress

[N

in the uses of technology in K-12.
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Another dlfference already ment|oned between an “Internet model” and the
trad|t|onal techn\ology deployment modeI (still prevalent in much of K-I2) is that
the former looks for opportun|t|es and mechanisms to make the technology itself

and/or its users the veh|cIe of its own expans|on and extens|on often with st|mqus

from technology enthus|asts in a given locality. This. approach has often proved to

be a better vehicle for achieving scale and pervas|ve numbers of lnstantlatlons than '

the top-down centraIIy controlled, organizational mechanisms favored by many K-*
12 and government sites. An example of the Internet approach is the way that Web,
|nfrastructure components are bu|It so they are seIf-|nstaII|ng, self-extending, and
seIf-modlfylng—that is, if you want to add streaming media to your Web browser,
the Internet does that automatically via downloads plug-ins’.and cookie information.
This is far more effi c|ent than, say, a speclf' ic institutional initiative or pro|ect to

N

modlfy or update the code on every computer in an organization.

,

In many cases, the Internet approach isa better model and modality for »
technology and content deployment than is a structure based on local entities’
mountlng governlng and guiding interventions and tra’dltlonal projects. In this
regard it may be that the relative paucity of successful and pervasive
|mpIementat|ons of simple things like enterprlse-W|de e- ma|| (for all K-12 teachers

students, and parents) or un|versaI e-pubI|sh|ng capaclty for all students (common

‘ eIsewhere in educat|on) is more the result of res|st|ng—or at least not

embraclng—the normal and broadly successfuI Jmplementatlon of these new ‘

.

technologies than it is the product of s,choo‘l resource constraints. In the world of ~

\ - . : . .
_Internet techriologies, “top down,” high central controI approaches rarely achieve _

and- sustain W|despread deployment and evolving efficacious technology at network\

component appI|cat|ons or coritent layers. ;- '

This leads to another characteristic of Internet technology, |ndustry, and

(
culture: perhaps radical, seemingly authoritarian, but sometimes I|berat|ng and

democratic. Internet innovators seek; and the marketplace rewards, technology that

is highly .scalable, extensible, broadly usable and, ultimately, desirable to end-users.

N ) N

N . .
. To a degree, localities, marketplaces, or sites serve as test environments where

. . ) \ _ .
Darwinian evolution and adaptation of those technologies take place. Indeed, at

times'Io‘caI governance and decision making are things that the successful

‘\ . o -

INw81@HT|2000 |VOL | |VISION 88 . « S
\

T 86 '



J
O

ERIC

Aruitoxt provided by Eic:

technology needs to be able to overcome.This is often accomplished by the
technology beiné automatically adaptive so it self-modifies to fit into a cri.tic'al ‘mass
of environments. That is, the technology either evolves via update mechanisms built
into the applications themselves or at the hand of end-users rather than central
planners. For core protocols, the Internet industry takes the more heavy-handed
approach of working in a “take it or leave it, but you need it” mode. However, this
enables local deviation from top-down approaches( with respect to those
applications built on top of the Internet’s basic network communications capabilities
(or “Common Bearer Service”). .Still, to the degree local variations work in the
evolution and diffusion processes, this is again an instance of the Internet approach
of rough consensus of a viable, critical-mass number of successful instantiations in
different environments, and working code, which means not only that the code .
works but that it will also fit into, interoperate, and evolve with other instances of

the same specification or with related technologies in diverse environments.

|
The rise, accelerating evolution, and astonishing pervasiveness of the:
Internet are remarkable phenomena. Some have characterized the approaches
which have achieved this success as “post-organizational”:.a model of change
predicated upon minimizing organizational, governance, and process entanglements
while maximizing the power and relative independence of those employing the

technologies.

The bottom line for us is that (a) to be more successful in deploying and
evolving technology in better support to key missions, we need to transition to
organizational structures, philosophies, technical architeciures, and cultures that are
aligned with our key educational missions and (b) to reap the rewards of
technc;logy, we need to orient our resources and structures to work with and to
leverage—rather than work against and refract—the natural forces of Internet

technologies.

~More bluntly, we believe that in order to have an abiding effect on learning
and teaching technologies and initiatives, many states, districts, and schools will need
to make a frontal assault on their core information technology architectures and

cultures. They must shift them so that their primary directives and approaches are
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to implement technologies that support communicating, teaching, learning, and

’

d|str|buted part|C|pat|on and that take advantage of the |ntr|ns|c reIat|ver |nformaI

. and easy-to-use characterlstlcs of most Internet technoIog|es- The pathway to this

€ ¢
change really isn’t to create additional segregated Iearn|ng, teaching, commun|cat|ng

technology groups or initiatives. Such work-around approaches generaIIy fail and

’ ~

usuaIIy drive up costs. (There are many exampIes of this fa|Ied approach in higher
educat|on government, libraries, health care, and bus|ness as well as. K-12). Instead,
“in"the end, a successful 'organlzatllon and\ architecture for.(and of) technology iy
typically one that is aligned with the learning and teaching missions of schools. It
must be oriented to-an open, inclusive, comh1unications-intensive Internet culture
that enables and encouragés independent and creative, though Ioosely |
|nterconnected action—action with explicit goaIs of |nteroperab|I|ty on the part of

Y

students, teachers technoIoglsts and schools themseres SchooI' technology

~

cultures that are based on pr|nC|pIes of |ndependent action and interoperability will

be able to take advantage of the learning, teaching, andcornmunicating capacities of

today’s Internet and, equally important, will be part of and contributors to the Next

Generation Internet. - . . -
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THE TYRANNY OF THE -
QUANTIFIABLE

Jaron Lanier

jarc;n’ Lanier, a pioneer of virtual reality, discusses the complexities inherent in
our quest to understand the benefits of technology in education. He contends
that despite the excitement surrounding digital learning tools, there is little
agreement about how to best use them. In the Leadership sectioﬁ Ron Kriz
anq his team from the University Visualization and Animation Group at
Virginia Tech have joined Tom Morgan and the Virginia Governor’s Schools to

explore how virtual environments can be used effectively to enhance learning

-

in K-12 education.
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THE TYRANNY OF THE
) QUANTIFIABLE Jaron Lamer

T[‘F{JE RAINSTORM W/'E[RS&DS
THE OIL FIELD

ur era is characterized most fundamentally by its changing
te'chnologies. Whenever and wherever we might hope to influence events by changes in
" policy or pedagogy, new gadgets are likely to come along that will recast our efforts in hard- . -

©

to-predlct ways

For instance, the mtroduct:on of e-mall chat, and short messages system (i.e,SMS, = -
chat over wireless dewces) has dnven an upsurge in the recr&uonal use of written Ianguage
- among young people whose parents weaned on teIev15|on, movies, and the telephone, -

: regarded the task of wntlng as more of an obllgatlon dlct:ated by work or school

_ In aoademia, both the sciences and the humahiu'es have been reformulated by |
encounters with c‘omputers and in some similar ways. Computers have enabled softmre TN
tools to make some problems (onés that were at one time treated as being |rred,uqble, and '
therefore best handled by W|zened intuitive |nd|V|duals) into quantlﬁable and comprehensible ~ - . )
processes For example,dlere is how considerably less guesswork in dnlllng for oil. !
' Computer ana]yses of oil fields have actually resulted in an increase in the :«Mulable supply
* when only an ever-worsening decline had been predicted. It also has become clear. howey_er.
’ that not all complexities are equally complex. Fori instance, we have improved our
predlctxons of the odds of a pew 0|I weIIs success more qmckly than we have |mpnoved our
' ability t©  predict the weather By current st:andards weather is considered a‘“chaotic” .
phenomenon,we have studied it and other such phenomena well enough to believe that

some complexities will remain beyond us forever or at least for the foreseeable future.

WWe will get better at predicting the weather, to be sure, but we will probably never

be as accurate as we would like. There are multiple reasons for this. One immediate
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" The weather Is problem is that computers are still rather Iow-resoluuon sIow devices when measured
[}
one of a number  ,inst the standards of weather. Another problem is that we can't measure the state of the
of natural systems - - h " ight like i L
atmosphere at any given time as well as we might like. - P ~
that most . P y.gve . :
, theorists regard For each such immediate limitation in our abilities, there isa more dramatlc verSIon
as sufficiently "
in the form of an ultimate questlon about the nature of computers: Can we bulld slmulatlons/
complex as to

' always remain that summarize the events of the universe well enough so that one subset-of the universe

beyond the reach (arranged tobea  computer) could even theoretlcally s|muIate a larger subset to predlct '

I

of comprehensive somethlng like weather?

and practical - o -
"°‘."_'°“_°"‘- -~ Asecond example of an ultlmate questlon is whether it would ever be even -
'theoretlcally pOSSIble to gather enough real-world data qU|ckIy enough to satisfy the
_ demands of the weather simulation of our dreams. If we can't give'the computer sufficiently )
‘good startjng data, it oan\not give us the results we hope for. * ' S

.

The weather is one of a number of natural systems that most theorists regard as

- - sufﬁclently complex as to always remain beyond the reach of comprehenslve and practlcal

. reduction. We migtit be able to understand the. dynamlcs of weather We might be able to |
predict how much the atmosphere will warm in the next century if we contirue our current

) energy pollcles We might be able t5 predict whether it W|II rain tomorrow in Poughkeepsle “

‘But we may. never be able to predict if it will rain there next/month : N

t Thisis the nature of the sciences of complexity. We are able to achieve useful

theoretical.reductions at some levels of description and not at others.
TRAINS PASSING IN] U=)E NIGERT : o L, N .
Unfortunately, the humanities have recendy been provoked by metaphors from

computer science without being tempered by the harshness of empirical successes and failures.
~ ) Because our knowledge of the intelligent and social aspects of the human brain is so far beyond
' current science, we don't even know enough to get a clenr negative result to an experiment
-about somed"nng as complex as education. If we understood the brain betxer it would be
easier to define what aspects we- didn’t understand As it is,we can't even be articulate about

our areas of ignorance, so it |s almost mewtable that we pretend to know more than we do.

\-

The central quesuon in th "‘cybemeucally-excrt ’ humanmes should be,*“ls the
- " human mind more like an oil ﬁeld or more Ilke the weather’" Polmcal and amdemlc forces

‘ ) N 4 '
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- free human beings, because ultimately the rights and status of a human being cannot be

seem to be increasingly inclined t6 see the human mind, particularty the young, developing
mind, as being more like an oil field: malleable, optimizable, predictable. And profitable. This
bias is seen in the increased emphasis on testing, the decline in funding for experiential

learning that requires equipment (such as microscopes or clarinets), and the many stukifying

’

: primary school textbooks now in use.

—

There are two good reasons to think that human minds are more like weather than
ol fields: One is based on evidence. As with the weather, there are narrow frames of
description in which human behavior is fairly predictable and even predictably modifiable.
Although these are better known to advertisers and political consultants than to educators,
they -nonetheless do exist. It remains true, howevér, that htjman behavior is the least

predictable phenorﬁenon we know. Many academic beliefs in human predictability were

allowed to stand for years only to fall after an initial empirical test.

One story is of the Stanford researchers hired by Microsoft to design simulated

. “personalities” for computer software. The theorists believed that consumers would be

helplessly and beneﬁ'c.ialfy reéponsive to software that attempf.ed to verbally dominate or be
dominated by the user. This idea resulted in —producﬁvity software oddfy called “Bob” that
was “dressed up” as if it were a suburban S&M parlor. Needlesé to say, the result bombed in

the marketplace, but what is remarkable is that it was tried at all.

The other reason to believe that human minds are more like weather than oil fields
is a moral one. As we gain scientific insights into the workings of the human mind, it is
important that we not slip into a belief that minds are merely elaborate machines. The

. . /
founding documents of modern democracy rightly evoke arguments for the divine rights of

* argued scientifically. We must rely on faith in some core of free will in a person or our

notion of society collapses. This faith is neither true nor false from a scientific point of view,
because it is a premise th:.:lt cannot ultimately be expressed nor tested scientifically. It is a
small crime.again’st our culture when the language of education and ﬂ1e humanities
encourage excessive quantitative assessments of individuals. Such small crimes did not begin
with computers, but computers have pm\./ided a language that is stealthier and easier to

accept in many quarters. : /
]

Like two trains Eassing_il"'l the night, the sciences and humanities have reacted to

~ computational é‘:omplexity in almost opposite ways. The hard sciences have started to parse .
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For instarice,  the world by how easily various parts of it can be usefully reduced: Some aspects of the .

N . ~
testing has been  \y5d are understood to be more like ail fields and some more like rainstorms.

with us for a long

i - . -\ . - . , ) ' ,
time, but mow . [z QNILY STUDERNTS WERE COMPUTERSS ‘ -
' testing is applﬁo«ﬂ ‘ - i ) ! ' ' .
, . toschools, . ~ The humanities,alas, have moved in'the opposite direction. Education has come to -
; . 4 b , bl
- [ \ o
teachers; school e increasingly characterized by “results oriented” approaches. What might seem to be a
districts, angd any T B o ) - C ' N
borrowing of ten'nlnology and technique from the business world is actually a second-hand
other unit of

description—ail - borrowing from englneers and scientists. (I will refer mostly to the situation in the Unlted

dome with  States, with which | am most famlllar) ' K
language = :
borrowed from " This has not resulted in the lntroductlon of radical new education tools nearly as~

-

_engineering. much as one mlght hope Instead, |t has more often resulted in new |ust|ﬁcat|ons for old

. |deas preCIsely because these are more describable and- more easﬂy mtegrated into fantasies

\ _ - of predlctablllty For lnstance testlng has been with us for a long time, but now testlng is*
‘ oy, applied to schools, teachers, school districts, and any other. unit of descnptlon—all done wnth
/ language borrowed from englneenng While there have been many examples of humans

belng ‘treated as machines in educauonal correcuonal and medlcal circumstances since The

" - ' Enllghtenment,what is new is the“cybemenc systems _approach.

Because people are so complicated that we don't e\/en know how complicated we

v

= © are,we tend to treat ourselves with Ilr;ear approxumatlon “The core problem is probably
polltlcal and economlc “Societies don't like to devote alot of resources to things that are

, " ‘not understood,.‘ ' Py

'
/

So,in countries where education is weII funded, it tends to be rigidly construed
- Examples are Germany and Japan both have excellent universal educat|on and t&chers who

en|oy status and live well—but th|s comes at the  expense of an overly linear education

!

model ‘| personally would not have survwed in the schools of elther country In the United
States on the other hand support for educat|on is low: Tmchers are poorly paid and have
v . lntde status But the system is a little more open Many successful adults remember havmg
; - one or two' maglc teachers” who brought devotion above and beyond the cumculum to

" their work.

t
s
‘

(It should be noted that as | write this, the Bush administration is trying to make

~
1}

_ American education more rigid, linear, and bounded like the Japanese or German systems. If

. - . - - .
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my theory is correct, America will start spending more money, on education if these

N . - \ N . . . )
reforms take hoId, even though' that is certainly not the intent at this time.)

- The worId as a whole probably beneﬁts from the d|verSIty of educational styles

Theres some truth to the cI|che that the Unlted States has produced a disproportionate -

v

number of creatlve and |nnov_at1ve people even in quantitative pursunsllke_englneenng.

N . o : i ‘ -~ - - . .
_ N Because the linear mind-set will accept approaches that create the illusion that a
problem is understood, it is easy to get people interested in putting computersin . - __

classrooms Even Newt Gingrich, a conservative Amencan politician of the 1990s who was

famously cautious about public spending,was excited about the idea of putting computers in

} i

front of chlldren

J What usuaIIy happens when th|s is tried i is that policymakers facea rude surprise. Iif .
k|ds are aIIowed to use computers creatively the result is even less linear and harder to,
track, and therefore justify, than what was there before. If the computers are used I|neariy

then they turn out to be more expenswe than the old way of doing linear things. This is

" because the whoIe lifecycle of a computer |ncIudes maintenance that a book doesn't need '

- and'a book lasts longer. This has resulted in a sort of confused s:tuat:on in which there’s st|II

.

a Iot of excitement about digital tools in schools but no widely agreed- upon idea about how

to use them. * . Co s : , /

smgmugm THARN @[HIEESE
/ .

Since the benefits of computers |n education are so complex that we rely on fake
measurements it shouIdnt come as a complete surprise that the costs of computers in
schools are often underestimated The sad truth is that compurters go bad as fast as cheese.
The uses that children are most interested |n—and that can be the most effectlve in most
educational applmtlons——happen to be |ust the things for WhICh ‘the most up-to-date
computer is needed: 3-D graphics, sound color; d|splay,etc So schools are in the posraon of
making capital i investments that become antiquated faster than any other item. School

computers have a reputation ona par with school food.

N - N . \
i

- The usual way that technolo'gies are bundled for use in classrooms is as follows.
Software is written for some_particular machines by a vendor. The speciﬁed machines and
software are bought and installed at great expense by a school, often with special one-time

A} - -

~

IS

ERIC_

Aruitea Provded b ERIC

L
. . . Ve

N

v _ INw8 1@ H T|200 [VOL I|VISION 97

Because the linear

.. mindset will

" accept - -

_ putting computers

1

'

approaches that
crea‘te the iilusi_on
that a problem.is

understood, it is

easy to get people'

: intergsted in

in'classrooms.
- q Vi

\

v
-



“

INmwS 16 HT|200] |VOL | [VISION 98

ERIC:

Aruitoxt provided by Eric



~

funding support. After a couple of years the machines are quite obsolete by prevailing

‘standards, and many of them cease to function correctly. It quickly becomes hard to find

personnel to maintain the machines, as qualified candidates are motivated to learn about
newer machines and to seek better pay elsewhere. Existing machines fall into disuse and

then the whole cycle begins again.

Sadly, the length of time that it takes to develop software is sometimes longer than
the period in whiéh it is genuinely useful (although it may remain in use for a longer period
of time). What is most frustrating is that the true and full costs of a generation of
educational software are almost always grossly underestimﬁted. It is also probably true that

educational software usually has a briefer period of relevancy than anticipated.

This is a confounding paradox. Recenty there have been campaigns to have
businessés donate obsolete computers to schools in exchange for tax write-offs. This is
worse than useless because it is inordinately expensive to find a way to make use of

assorted and slighdy but not quite compatible, old machines that are inherently dull.

Yo[mg peoplé want—and indeed need—the very latest computers. The more
recent a computer; the less it is merely a text processor and the more it is a potential
simulator. In this way, computer power directly maps into educational paradigms. This
observation should rightly be seen as problematic by advocates of underserved populations.
There is no question that underprivileged kids depend on schools for many items that are
not available in the home, often including food. It is unreasonable to expect these students

to have access to computers at home.

Instead of trying to finance an endless dispiriting money pit, there is an alternative

that should be tried. It would not be easy, but it's worthy of consideration.

Every year and a half or so,a new digital medium design coupled with a cultural-use
pattern emerges suddenly among teenagers and young adults. This takes on giant

proportions, sometimes dwarfing all other media usage. It then starts to slowly fade. Some

' recent examples, in reverse order-of their appearance on the scene, include SMS, Napster,

Doom/Quake, chat, e-mail, and personal Web pages. These are the collaborative examples,
but they are joined by equally impressive, though more proprietary, experiences such as
PlayStation 2 games. '

.
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\ In siunom; YOURg . Travellng in poor areas in the Unlted States and even in much of the urban 'ﬂ'urd

., people’s ravenous  \World, | am struck by the W|despread avallablhty of consumer eIectronlcs Vldeo games,

P

.-'\‘

appetite for
interactive. games
and media-related
products remains

_ the world. Educatuonal materials should have been flowing over Napster before it was shut
persistent and will : * . . 7

-‘ probabiy continue down, for instance, and sub|eclts\should be~ taught through prevalent devices such as the -

3

tofuel the PlayStation. We should have an early response team that charts digital trends, and we should
d!evellopmem oﬂ‘ .
aﬁomﬂalbﬂe

|dea, One is that some businesses mlght not-agree to have their products used for
comeumev

. act quickly to harness new trends as they appear. 'Iher'e are two profound chaIIenges to this

electronics and educatuon It might take some years but | believe the case must be made that consumer

. media, eIectronlcs and popular distributed software prowde the ONLY means to reach the _
’ ; explodlng populatuons of underserved young people especnally those |9 the developlng f
worId qulckly enough to provnde them with educatuonal options. Therefore there are
- profound moral and strateglc arguments for th|s approach that speak to almost all people ~
and companies concerned wn:h the future. The second chaIIenge is creatung educatuonal

situations and content well enough and rapidly enough on quick changmg new forms of

digital media. Here, | th|nk the answer has been’ provuded by ThinkQuest, a program in WhICh

students around the world and from many cultures collaborated to create very hlgh-quallty

' educational content for their peers,motivated by a schoIarshlp contest. Kids, especnally the
Ieadlng-edge kids of the very populatuons we are the least successful at serving, provnde the | _
only adequate Iabor_ supply to create their own educational materials. Yes, there are

" busineésses and individuals _who would dislike the idea of kids being authors,.but the need is

so great that | hope they can be convinced that there is room for all approaches.
/( i . s - . - ) . . °

* Although th'is thumbnail sketch is not an adec|uate response to the problem, Istill -
' ma|nta|n that leveraging the\technolog|es of popular culmre is likely to be both better and
- ch&per in the long run than penodlcally filling schools with out-of-date computers. And
whilé it might seem easier to view:new learning technolog|es as if they are yet another
» R ‘ N unpredlctable summer storm;in doing so, we overlook signs that mlght enable Us to use
| . technology effectively in schools. In short, young people’s ravenous appetnte for interactive
games and media-related products remains persistent and will probably continue to fuel the
deveIopment of affordable consumer. electronics and medla. We should view thls as'an’

opportunity to ensure that these technolo ies and media are effective learning tools. \
PP : ogles fle ng

. ]
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sateIIIteTV and other gadgets ﬁnd their way to,many places that lack suﬂiclent potable water.

- We should be leveraging the gadgets that kids are choosmg for themselves, all over

-
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creators of key Internet and digital
convergence technologies and applications,
including Pine e-mail, IMAP, High Definition
TV over Internet Protocols, CD radio over
Internet Protocols, and outreach projects
like DO-IT (Disabilities, Opportunities -

Internetworking Technology).

WALTER KOETKE

Walter Koetke is currently aVice
President at K12, Inc. Prior to his work at
K12, he directed the design and
implementation of The Learning Odyssey,
an online curriculum for grades | through
8. Mr. Koetke previously was Director of
Technology for Scholastic, Inc., and an

award-winning mathematics teacher in the
Lexington, Massachusetts, public school
system. He holds a BS. from MIT and an
M.A. in education from Harvard University.

JARON LANIER

Jaron Lanier is a computer scientist,
composer, visual artist, and author.
Currently, Mr. Lanier serves as the Chief
Scientist of the National Tele-immersion
Initiative, a coalition of research universities
studying advanced applications for
Internet2. He is also the Chief Scientist of
Eyematic Interfaces, a computer vision
company. Mr. Lanier coined the term

“virtual reality.”

BILL MARK

Bill Mark is Vice President of the
Information and Computing Sciences
Division of SRI International, one of the
largest independent research institutions in
the world. The Information and Computing
Sciences Division creates new technology in
biocomputation, information security,
system design, speech and natural language,
vision and perception, and reasoning
systems. Dr. Mark holds a Ph.D. in
computer science from MIT. His personal
research interests include pervasive

dialogue and system design.

JOHN WILLINSKY

John Willinsky is Pacific Press Professor
of Literacy and Technology at the University
of British Columbia. Dr. Willinsky leads the
Public Knowledge Project, an effort
intended to make social science research
more accessible, intelligible, and useful. He
is author of several books, including
Technologies of Knowing: A Proposal for the
Human Sciences.
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AN INTERVIEW WITH
JEANNE MORENO
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l .
Jeanne Moreno is Vice President and Chief Information Officer, Citrix Systems, Inc.

Mary Baker and Nancyo Barba, district administrators for Broward County Public
Schoolsﬁ,v Broward County, Florida, were asked these same questions during their

interview. Their responses appear in the Leadership section.
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AN INTERVIEWWITH -~ -

JEANNE MORENO

Jeanne Moreno is Vice President and Chlef Informatlon Oﬂ“ cer Citrix Systems, Inc. -
!

s ) o ’

.- B ~

s - ' .. .
»: he trend toward wireless communication seems to be advancing, although not as -

q'uitkly- as some would like. In your opinfon, what barriers impede widespread use of wireless _ -

- 3

technologies?

- JM:There are two categories of wireless technology. Each has its own
implications for educatlon There is a wnreless LocaI Area Network (LAN) that allows
users to be connected to the network-as they move throughout a campus. Users could *
‘beina haII during a speech or a Iecture, they could be in an individual lab; they could R .A
even be in the cafeteria eating Iunch. The wireless LAN‘ requires antennas or stations |
scattered throughout the campus. Anyone witha certailn card (laptop or.device) ‘could
connect to the LAN. Thats _probably the most I|kely solution for a- campus or an
educatuonal faclllty I havent beenii in a school, at Ieast in South FIonda, that doesn't have '

. K-12 connectedtoaLAN S - . : X

The w1re|ess technology that much of the world refers to is that wh|ch is \. ) ('

.

‘ dellvered by a type, of voice or telephone technology by dialing in to a number

Companles such asAT&T and Sprint support this technoIogy There are other\ .- L
companles as‘well Basu:ally through a-connection toan |ntranet and after authentucatuon
through securlty software, students could tap into the Intemet or e-mall or whatever;
they may need. This wnreless technology is not as advanced and probably not yet

appropriate for education.




S »:Tel mé more about how you see wireless LANs used in K-12 education: - e
i \ . N \ ) \ .

JM: [ would say students could be connected with wires through the third grade.

\

But in South Florida, we see fourth graders using Iaptops to complete homework and to s
. l communlcate (This is espec|aIIy true in the private schooI system ) As laptops become
L Lo : ‘more prevalent, wireless technology becomes more |mportant_ It is very, very difficult td
go into'older school buildings and. hardwire communications into an open cIaSsroom

where desks are not secured to walls or ceilings. So, | think W|reIess technology will be

very usefuI as laptops and handhelds mcreasnngly f nd thelr way into schools.

~ . i . = C

W The Iong-predlcted demlse of traditional textbooks has not occurred. Why do you think this

N

iss0; and "do"you think it will still be the'case/0°years from now? ' -

M think most of us use the Internet for daily activities. Some use it to find
sirpple\information like teIephone numbers, maps, or stock prices. Others use itfor
more complex tasks like research. Students already use it to research. Would'they use.it
. : for texrbooks’ | think that's a naturaI extension. In the private sectdr businesses

already sh|p products with eIectronlc media—installation guides, sefvice manuals, etc. -

VS

~ N

Electronic media for textbooks will materialize. .o

’

Pp: The recent court case, involving Napster has raised the publlcs awareness of mtellectual

-

2 . . property rlghts and safeguards for materials in electronic form. What is the lmpact of mtellectual

. . pmperty issues on innovation in technology product development?.
. . o R A

“\

- ' . jM I thlnk the model for music is different from the modeI for the restofthe =~

- . -

worId Most of us have to make our living by selling our products and | th|nk music just

/A('

jumped ahead of the game. | We at Cltrlx deliver our product over the Internet. We have ;— N
- found wiys to ensure that our products are licensed and that we are paid approprlately
- “for the product. | think the technoIogy exists to safeguard materlals Companies have: to\
- ' make sure products are déployed that way: 'm not suk‘vyhy Napster thought they \\
| could distribute somebody else’s material vyithouta license; The more difficult o o =

N ! 1
, component has been the licensing mechanism that allows them to be used in an e

. -authorized, licensed, or/purchased environment. Music didn’t have that. Songs became
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electronic media without it. | think the companies who develop the electronic textbooks

have to make sure they include a license key in the product.

’

P : When people first started talking about the digital divide, they referred primarily to thé
' disparity in Internet access between the wealthy and the poor. But people are now talking about
other divides among technology users, such as gender and geography. How does industry

address this issue?

JM:1 don't believe there is a gender issue. | think within schools and industries,

~ Internet access is Internet access. | don't think access is gender specific in any way or

form. | can't imagine where it would be. Geographically, there are always places in the
world that are ahead or behind others. Europe is more easily adapfed to a wireless

» environment, because the land mass area is rather compressed. In the United States,
there is a great deal of land between major cities. Wireless that can be activated -
anywhere in the United States will probably take a great deal more time to deploy, so
there will be differences in technology. 1 think anyone who needs one could find an
available PC today. Even from a socioeconomic standpoint, there are PCs in public
libraries and other public sources.
M) : The gender issue I'm referring to is the perception that some software programs are written
primarily with @ male ih mind or with a female in mind. For éxample, competitive games

appear to be designed to have greater appeal to males.

JM:That's also true in board games. There are board games that appeal to one

gender or the other: I'm not sure that the electronic world would be any different.

P> : Well, do you see technology as dividing people in any way at alf?

JM: | think there is ease of access in the United States. Community centers are
deploying PCs to give children the opportunity to do their homework or to give adults
the opportunity to research on the Internet. | think it is the Internet that has exposed )
the world to electronics, and the Internet is readily available for those who need or want

access to it. | don't think there is a divide here so much as a choice to use or not use.
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» You have touched on the last question. There seems to be @ w:despread assumption that

S - ‘ every child should have access to a computing dewce and be able to operate it. In your view,

'
\

“how important is widespread agcess and usage among schookage children? How realistic is It? S

~ -

\ - \
- ,

JM: | absolutely believe that every child should have access at an early age. My
. oo . children are aged seven and nine, and they've been on computers and the Internet since
o + they were two or three. They were using math games, reading games, and the Internet in

»~ 1 preschool. | can't imagine where they would be if they had no access to computers

\ ' Co !

today. | don’t know how competitive they could be with the rest of the world. So, | say

- ' ) "every child should have the ability. I'm not sure we can put it in their hands.\ They may-

-

have to reach out to find it. L ,

P _ One access and usage problem ‘that schooIs face is eqmpment. The effectlveness
of technology is heawly dependent on the software installed on the computer itself. So
‘often, schools must use oIder computers, making it nearly |mposs|ble to run‘the '

- appllcatuons and programs they want or need directly from the PCs The programs are .

) o \ ~ sometimes so Iarge that they either don't fit or don't run properly At Citrix, we strlve to

| ~ help school systems by aIIowmg any .device to attach |tself to a set of-programs or

‘ : ' appllcatuons uslng a server farm. Our technology aIIows them to use the thinnest device,
the oldest deV|ce or the blggest device and still have access to needed programs Any -
deV|ce (desktops, laptops, handhelds, etc.) is served" the appllcatuon from the server
farm, meanlng the program is not actually stored on the PC o

Wb : Thank you, _Ieanne,'for your time and your insight. Is there anydw_ing else you would like to add?‘

JM: | think we fear 'c‘han'ge more than we fear te,chnology.' We fear grapbing on

to it and maturing with it. It seems easier to let technology pass.us by and then complain

- about it. ’

\

-

" Also, the concerns of the educatuonal communlty are dlfferent from those in the

-~

business world. We no Ionger mlk about thlngs like ethlcs plaglarlsm, and divides. It may
_be surprlslng, but those toplcs aren’t on the forefront anymore We addressed them a

long time ago. In the business sector, we either change or get left behind: H : 3

-
v

: ) s N 7
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- Univac* at General

Offering the unique advantage of ‘electronic speed
coupled with unrivalled accuracy, it’s no wonder that
+- the General Electric Company installed the Reming-
~ton Rand Univac at their modern Appliance Park,
in Louisville, Kentucky. C
" Univac makes possible new insight into all phases of
G-E’s major appliance operations. Management de-
cisions can be.made with a degree of precision.never
before obtainable. And G-E also uses Univac to
process——automatically—payroll accounting, material
control, budget analysis, and sales statistical analysis.

o

| Electric

-7 \ .

Leadiﬁg companies throughout the coitntry have learned

that Univac has become synonymous with enlightened . ‘

management. And Univac savings more than justify its
" use for electroni¢.control of management problems. Find
out how typical users have put-Univac fo work in virtually
all types of commeréial data-processing.’ We'll bé happy
to send ELI35—an informative, 24-page, 4-color
book on the Univac System—to business executives
requesting it on their company letterhead.
Send your requests to Remington Rand, Room “1853,
315 Founhﬁzm'ue, New York 10, New York.
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e | am pleased to share with you the inaugural i issue of IN »SIGHT
- an annual publication focusmg on promising new and emergmg
. technologles and what they mlght mean to the future of K-12
- schools. My team and | spent a great deal of time thinking about an B
appropriate title for a publication that would provnde a forum for -
ideas about how technology might; in the not-too- dlstant
future, impact our classrooms wh|Ie providing a glimpse of "
what is currently possnble IN » SIGHT, then, is intended to be
“ _ both the presentation of thought-provo_kmg articles by
- individuals who discern the true nature of some key
‘ + " technologies and the presentation of related work
' currently under way in schools and classréoms, work
that demonstrates that these ideas are in sight of
“mainstream education. .

We at AEL are proud to hold a national
Ieadershlp desngnatlon in educational technology for
- the US. Department of Education’s regional
 educational laboratories. IN »SIGHT is an important
vehicle for ‘'our Ieade'rs_hip efforts, and we are
committed to helping educators understand and plan o
for the purposeful use of new and emerglng '
technologles in schools. :

“We believe that vision and leadership are

. inextricably linked, and we hope our publication N

' o conveys this belief. Perhaps no one dnderstands.this
concept better than M.C. Escher, and we are grateful

to Cordon Art B.V. - Baarn — Holland for permission
to use Eschers Fish and Boats to express this |dea
so beautifully. - - .

’

" Dr.Tammy M"McGraw
Chief Executive Officer
'IAETE at AEL ‘
mcgrawt@igete.org

Pictured from bottom to top: Tammy McGraw, Editor in Chief Krista Birdette, ) o
" Managing Editor; Carla McClure, Senior Writer; Virginia Sedle, Copy Editor;, T : ’ N
Sara Marchio, Copy Editor; and Johri Ross, Web Producer. Not pictured: R '
Q Mardell Raﬁey, Executive Editor, and Richard Hypes, At Director. ~ . ' -
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LEADERSHI P

PAPER AND PIXELS...IN
SEARCH OF THE ULTIMATE
TEXTBOOK

Tammy McGraw, Ed.D. and John Ross, Ph.D.

A

Tam'my McGraw and John Ross explore many of the issues surrounding
electronic textbooks and offer one approach to developing and delivering -
electronic instructional media. In the Vision section, Walter Koetke provides
additional ins)'ght into how instructional media can be customized to meet the

individual needs of learners.
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PAPER AND PUXELSOOOUN .
SEARCH OF TIHE ULTUMATE ‘
TEXT.@@K Tammy McGraw Ed.D. and john Ross PhD. - |

[Ni4 - ' N

ew resources are more prevalent in schooIs than textbooks yet, in many
cases, textbooks madequately address the needs, of students an‘d teachers

Outdated |nformat|on~|s common due to the nature of textbook adopt|on cycles

and the |nformat|on is often ill- su|ted to curr|cuIa and assessments Printed )

-

' textbooks containing inaccuracies often rema|n in use for six to elght years and

I|teraIIy pages of ¢orrections are being posted to pubI|shers VVeb sntes john
Hubisz, commenting on a recent-study of 12 physncal science textbooks most:
commonly used.in middle schools across the country, states “What | found was -

/ \
horrlfylng None of the books—not a single one—was deemed adequate by nine

-pr|mary reviewers and a host of other experts who offered comments. Each

Vo

contained hundreds of factual errors, as “well as experiments-that couIdnt p055|bly

- work, and dlagrams and drawings that represented impossible situations. One can’

N Iaugh at the silly mlstakes, such as the equator going through Texas. Far more

ser|ous are the routine garblings of’ basnc science: misstating Newton s laws; - -

claiming that no soI|d substance can contaln a pIasma, and on and on”

. < -

Textbook development is dr|ven by market demand and it can be argued
AY

that states with large student popuIat|ons have the greatest impact on textbook

deveIopment Some states such as Texas and Malne are exper|ment|ng W|th

—

repIacnng textbooks wnth Iaptop computers, however this does -pot eliminate the -

~
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need for quality instructional media.> Equipping every teacher and child with a
laptop computer to access the World Wide Web still falls short. With its vast

resources, the Web can be burdensome to teachers already strapped for time,
making it difficult for them to iearch for the most appropriate information and

media for their students.

’

Laptop computers.are not the only solutions being proposed to alleviate
these problems. Another possiI;Ie replacement for traditional textbooks is the e- _
book—a single-purpose device that displays reading materials in ways similar to
traditional books. Several ;-book devices are available including the Franklin
eBookMan, goReader, and Ge:mstar eBook. They range in cost from $125 to $600.
Steve Ditlea suggests that the pribpriAe_tary file format inherent in many e-book
devices makes them a less-attractive option.* Furthermore, the titles >al/ailable for

many e-books are not particularly well-suited for K-12 classrooms.

Not all suggested replacements for traditional textbooks are based on an
electronic device to view digital content. Others suggest that the solution to
outdated textbooks is to make them customizable at the district or even the
classroom level. Classwell Learning Group, for example, is partnering with Kinko’s
to offer schools custom-made resources geared to meet the needs of individual
students. Using online tools and content supplied by Classwell, teachers can select
and organize materials into custom workbooks for students. The workbooks are

printed and assembled by Kinko'’s and delivered to the school.*’

Gilbert Sewall, director of the American Textbook Council, offers another

’ i
‘aspect of customizable publishing to consider. He warns that local pressures could

affect sensitive issues such as evolution or the depiction. of Columbus. Parents
could reque:st a particular treatment 9f these. topics within the scope of
customizatioq, creating difﬂcdlt circumstances for schools and districts.® The
content of the curriculum then becomeg much more fluid and subject to
tremendous variation across schools, raising many questions with regard to scope

and sequence as students transfer from schools to other schools—even within the

-
4

same district. - .

N
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CIearly the |dea of meeting the individual needs of all Iearners is appeallng

Customizable pubI|sh|ng, at least on the surface seems to make it possnble to do _'

- this, It is important, however not to d|m|n|sh the role of the teacher in selecting . .
. y :

E . B “and organizing the content pr|or to pubI|sh|ng Teachers have long suppIemented

textbooks wnth ancnIIary\materlaIs because they recognlze that a one- snze-f ts- aII

. _approach |s not effective. The content selection and orgamzatlon of mater|aIs take , ’

N

N time, and this st|II becomes the prnmary responsnblllty of the teacher.

. ' - Policy is slowly beginﬁing to reflect changes in instructional rnaterials. Over
. the last .few‘-years, 21 out of 22 adoption states have expanded the definition of - .
instructional rnaterials to include technology-based produ'cts However°few .
‘
N - oL Ieglslators have foIIowed the lead of states such As Texas, wh|ch has revnsed Iaws to ~
| ._ allow the purchase of Iaptops software or Web-based resources in lieu of
o trad|t|onaI textbooks.* The adopt|on process has trad|t|onaIIy examlned materials
* that wouId not change- over time. That is, the printed book wouId be adopted for
use in schooIs for a predeté_n\ﬁned number of years, and those charged with the
. adoptjoh pro /ess would not worr( that the Selected textbooks wouId appear

sngn{mantly/dlfferent in a matter of days weeks or months. One of the most

attractjve aspects of e ectronlczbooks——the abnhty to be updated qulckly—now o s

becomes a sngnlf"fnt prolﬂ/ in the adoption process

. Historically, the ado/ptnoé&:eenan attempt to ens@
ch|Idren\rec\e|ve approprlate/a@ccurate information in schooIs Students wer

\

- ; not called {pon{o make a determination- abcythe usefuIness or accur he|r
{ :
< 4 textbooks, although many wouldﬁoubtedly offer their commen hat has

-

changed. Teachers Imust eIp students(learn how to Iocate arid /assess |nform t|on

i [

from)the Weby thus mpowerlngﬁmjto a great extefit, to dete'rm|ne thé

appropqateness or accuracy of |nformat|on Teaching students to Iocate approprla

information is not as easy as ‘it might seem. Currently there are m \Ore than 2-billion
' pages on the Internet, with-approximately 7.3 million new pages being added daily.’
" Even the bych engines ret{ve information that, without the skills to assess. -
accuracey;could mislead stddents. Students wnII4 doubt epcounter many opposing

&

o viewpoints on the Web and must be abIe/téneract critically’with that information.

. | | l /
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PoI|cy issues are not the only area of concern New funding models must The underlying

imic model
be consndered For example, subscription- based services, rather than one-time economic mo

. . has more in
- purchases are becoming more common as are I|censmg agreements that allow .
h ‘ common with a . -

_* ompanles to use content from major content provnders in dellverlng eIectron|c pay-per-view' . - -

o _ textbooks "As is the case wnth the traditional textbooks they would replace,  -. theatrical
electronic textbooks ‘must be accesslble to every student If the Web is part.of this Performance or
- o . s‘pon’ﬁimg event,

squtlon then access at home becomes another issue. S o L s . ~
E 4 e than with print

- s . . . . 7

! o : N . . L L publishing.
Many intellectual property issues assocjated with electronic publishing are

\

unresolved at this time. Authors and publishers of printed books have clashed over
the rights to the electronic.format of printed books. Recent lawsuits suggest

publishers’ growing concern. over this issué.® Textbook publishers, well awaie of

Napster’s assault on the music industry, are also cautious about ‘the reIease of their . .~
content in digital form.” Digital rights management companies are poised to assist
E publishers in, Protecting their content. Royia, for exam'ple, securely stores digital -
bSoks on the Web." Other comp'a,nies are protecting digital content in a variety of o

; ways including setting the'content to seIf-destruct after a specified period of time."

-
' . f -

PubI|c domain titles, such as those written by authors who have been deceased for -

more than 70 years or documents supported by federal tax doIIars are more

o readily available given that |nteIIectuaI property disputes are not a factor.'z‘ T T
Other légal issues abound. For example, users of printed books can lcan _

them to a friend or resell them. This is not necessarlly the case with electronic ‘ o

-~ books. The Seyboldf report, accordlng to Stephanle Ardito, suggésts that: “Sharlng .o N

; : titles |s dlffcult and resaIe is impossible.- The underIy|ng economic model has more

in common- “with a pay-per-view theatrlcal performance or sportlng event than wnth T~ P

1

print publishing. Wh|Ie good for publishers, the model quI create plenty of
problems for readers and I|brar|ans.”" Michael Looney and Mark Sheehan suggest, .
however that dlgltal rights management (DRM) software and electronic commerce

v+ have been the catalysts for the recent surge in e- book interest. | I

2NN " It would seem that one major benefit of electronic textbooks is the savnngs P

that should result for schooIs After all, trad|t|onal text printing and storage costs. -

L - alone are sngnnf‘cant to school dlstrlcts Even customlzable books shouId result in

’

VN

s
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From a school or

classroom

managem'ent

perspective, there

is a major reason

to refrain from

‘replacing 'print

-

* .  book is reliable

_ even whén

technology fails.

ERIC.

PAruntext provided by enic il

" media: the printed_

dominant in cIassrooms for some time.'"®* The cont|nued use of textbooks is not

savings, “For exampIe\Mc'Graw-.HiII Primis Custom Puinshing"s tool, Primis Online,
enables users to view the mater|aIs in color online, yet they can be customized in
bIack and white.”s It appears, however, that the economic benefit will not be,
immediately apparent Andrew Odlyzko' pomts out that pubI|shers cIa|m that

swntchlng to an electronic format can save at most 30 percent of the costs (those

_related to printing and ma|I|ng) though he suggests that eIectronlc versions of

establlshed print |ournaIs are no less expensnve than the print version: of the same -
|ournal He aIso suggests that publishers do not generally speak of savmgs but of

addltlonal costs they bear in producnng eIectromc publlcatlons The i |ssue of cost

-

' comparlson is so compIe_x that it is difficult to pre_d|ct when or- how these savings

will be realized. - - v S
. ] ) _ N

. v

From a school or classroom management perspect|ve there is a ma|or

-

reason to refrain from repIacnng pr|nt media: The pr|nted bok i is reliable even when

technology fails. Bandwidth requirements, equ|pment maintenance and support, and
— - .. . N . . N - i . /‘
network stability already weigh heavily on schools. Greater reliance on’electronic

media must be considered in this context.

L N -

A}

In the m|dst of the growing eIectron|c textbook |ndustry, |mpercept|ble
dlgltal watermark|ng—a technology most often associated “With copyr|ght '

protectnon—offers a vnabIe aIternatlve to the squt|ons presentéd in, th|s article.”

. At the present, e- books do not appear to be repIacmg pr|nt media but rather

suppIementlng it, |nd|cat|ng that print-based textbooks are !lkely ‘to remain- © T

>

necessar|Iy undesnrable McKnlght Dillon, and Rlchardson state, “We have had
nearIy 500 years’ exper|ence of us|ng pr|nted textbooks and they, not onIy support -
a wide range of appI|cat|ons but users: aIso have such a strong mental model of

the|r generic structure and organ|zat|on that they can successfuIIy adopt an equaIIy

W|de range of usage strategies.”"” They further suggest that wh|Ie hypertext can

support activities that wouId be difficult, if not impossible, to accompllsh with

- printed text we must be Sure that these capab|I|t|es are used.in pursuit of valid

ﬁearnlng tasks. “It is not suﬁ"aent that we can browse a m|II|on pages onour -

desktop, or link 100 articles together for rap|d retrieval at the click of a mouse |
- . - N .
button: such capabilities are only important in terms of their utility to human

-~
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learners. Yet there are few signs that most learning scenarios require such support,
and little knowledge on how we might best provide it in terms of usability, even if it
\

-( - .
were required.”

There is much to be learned.about how to best use the technologies
available to us to support teaching and learning. Shneiderman contends that
exploring vast holdings of information has become increasinély difficult as th/e’
quantity and diversity of the information has grown.® He suggests thét while the
computer is an effective tool for searching this information, it is far from ideal. He
points out that novice users are often impeded by cumbersome user interfaces; and
new approaches must consider how all students, incltjding those with physical or
cognitive limitations, will benefit from the approach to textbook design. Clearly,
design and adoption of any electronic textbook solution should be based on non-
biased resee;rch and should carefully examine issues associated with their use in
classrooms. For example, Jakob Nielsen suggests that individuals read approximately
25 percent more slowly from a computer. screen than from a printed page, and yet -
schools are adopting handheld devices at an asfonishing pace.’ To achieve screen
resolution like that of a printed page, 300 dpi displays would need to be used, an
unlikely option given the expense of these high-resolution displays at this time. It is
likely then that handheld devices will be used without consideration of this

limitation.

' A According to Steve Ditlea, “At some point in the future, however, e-books
and print are bound to diverge. Lurking amidst e-publishing today is the notion of
multimedia books that seamlessly incorporate hypertext, sound, and animation.” 2
Eryn Brown suggests, however, that there won't be an electronic book business
unless someone creates a model that makes the publ\ishing business want to
participate.” Assuming this is true, a logical approach to designing the dominant
instructional media for classrooms might be to begin ’with.what McKnight, Dillon,
and Richardson describe as our most successful information technology—the
printed book.” The Institute for the Advancement of Emerging Technologies in
Education (iA‘ETE) has developed a prototgype interactive textbook using the digital

’

watermarking technology commercially available from Digimarc.
\

A
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Dlglmarc MedlaBrldge technology creates an |mpercept|bIe dlgltal

watermark consisting of XML-based (eXtensane Markup Language) codlng

~

VI

embedded i |n a graphic or other media element. With the aid of an optical reader -
- _devnce such as a digital camera connected to a computer, Dlglmarc MediaBridge

- _ : software reads the watermark activates a standard Web browser, and deI|vers the

.

L : user to a specified Web snte The Institute is exploring dlgltal watermarklng as a
means to supplemeént print media W|th current; up-to-date |nformat|on delivered via
a safer, more efﬁcientWeb environment. It is important to note that this interactive
, » _ textbook is an extension of text information. Any function now possible on the -
Web including chat, i |nteract|on wnth experts data V|suaI|zat|on snmuIatlons and

V|rtuaI reality enV|ronments, is pIau5|bIe within the context of the ‘interactive book

. ~

T oo - " IAETE has seIected a wnder adopted middle schooI science textbook asa

-

basns for the prototype ‘Consider the foIIownng scenario. Typlcally, static
: |nformat|on is organized and presented in a familiar textbook format (drawnng uﬁ)n e
known use metaphors). Using a portable, wireless, handheId device with a dlgltal -

"-camera, supplementary information in the form of audio, video, or other

4 -

Q

ERIC

Aruitoxt provided by Eic: -

1N»8 1@ HT| 2000 |VOL. || LEADERSHIP 14 119 S .

N N ;-



a

-~ ‘ . ) ~

- . < . —

< muItimedia-based :digital formats is dynamicaIIy linked to the printed page with an_ | 'rhe interactlve ‘

E |mpercept|ble d|g|ta| watefmark, creating an lnteractlve Iearn|ng enwronment of the te"“’”k is more

1

' than a gateway to
. most current, reI|abIe and accurate |nformat|on poss|bIe in a Iearn|ng communlty .

. Web-basgd .
that stretches far beyond the geographlc boundarles ofa classroom, school, or content. A
commun|ty For example, students eprorlng the immune system use |nformat|on © - graphical palette
\ \ ’ .
© . created by content  experts. such as the Nat|onaI Cancer Institute or the National containing icons
s —_— [
" embeddéd with
_Inst|tutes of Health They view videos to better understand the experience and dioital. ~
igital - :
f need for using an iron lung and I|sten to interviews of survivors of major epldemlcs . wai‘eni}narks
' - Students visit the Howard Hughes Medlcal Inst|tute online and partIC|pate ina " ' provides quick
h virtual lab simulation to better understand the role of antibodies. Students studying access'to a suite
: . . of learning tools
y AIDS and- HIV use, real, up-to-date data prowded by the Centers for Dlsease . S '
C that allows the
ControI (CDC) and the AIDS Education Global Informat|on System (AEGIS) for . students, to apply
AT their own Aanalysis and study S L > concepts and
. t~ LN i ' , S . o practice skills.
: The ingerac’tive_textbook is more than a gateway to Web-based content. A ' o
' . graphical palette containing icons embedded with digital watermarks provides quick - R
. access to a suite of learning tools that allows the students to apply concepts and N
practice skills. For example, a student can instantly check for understanding by
’ pointing the camera on a wireless handheld device to an image representing'an B -
_  assessment activity. The embedded watermark launches a simple assessment, . N
N . ; ) . < R . .. . - - ‘- -
o " whether a'series of text-based questions or a simulation allowing the student to
U _respond to a few quick qUestions while receiving immediate feedback. The teacher“ . ' ’ \
v ' . :
also recelves |nformat|on regardlng the students assessment and eproratlon of the"
content. leferentlated |nstruct|on is poss|bIe as each child explores various Iayers
.of conte'nt appropr|ate for his or her needs and mterests This paIette of tooIs e, S

: pr|nted on the edge of the page allows students to Iaunch add|t|onaI appI|cat|ons
|nstantIy from their hard dr|ves to accompI|sh such’tasks as ed|t|ng a V|deo clip, -

creatlng a concept map, or entering facts into’a database ' o .

. RN .0 7
Id . ~

Imperceptlble digital watermarklng is cIearIy an effective technology to-.

conslder in. th|s context The MedlaBrldge ‘reader’” software can be downIoaded \ o

L " free, the embeddlng process requlres very little time or expertlse to accomphsh
- © and. |nexpens|ve cameras are W|dely available to read the watermarks Images

- embedd_ed with an |mpercept|ble digital watermark do not differ in appearance from

' ~
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those found in traditional pr|nted textbooks, and pages can be deSIgned without bar

codes, Iong URLs, or references to CD-ROM source mater|aI The watermarks

contalned within the images are |nV|s|bIe and prowde access to unI|m|ted eIectron|c '

resources from a fam|I|ar, unobtruslve |nterface

‘In short, this approach to. |nteract|ve textbook deslgn retains the most

salient aspects of print med|a wh|Ie prowdlng |nstant and conven|ent/access to :

dynamlc content, assessments appI|cat|ons, and commun|cat|on tools. UnI|ke other

electronic books the interactive textbook deveIopment process does not displace

N

weII-estabI|shed textbook- product|on methods. It is, therefore, more easlly adopted

by the textbook pubI|sh|ng |ndustry and those it serves. R -

: There appears to be some general mlgratlon to the creation of connected
content The Heller Report’-‘ recentIy announced Harcourts agreement with Dlgltal
Converg‘%nce, "maker of the :CueCat bai code squt|on Harcourt will begln using
the bar codes in more than 80 textbooks this fall. Wh|Ie this is encouraging in
some ways, the widespread use of bar ¢odes has_some drawbacks.' Bar codes are

consplcuous and Iack the eIegance of the V|suaI |nterface afforded by lmperceptlble

digital watermarklng

\

As the electronic textbook industry continues to be defined, one thing is

clear: Electronic textbo'bks are here to stay. Forrester Research has predicted that

by the year 2005 25 percent of the coIIege textbook sales W|II be dlgltal % While
educators are embracmg the eIectron|c textbook textbook producers are facing a

great responsiblllty to donit well.‘We believe IAETE offers a viable model. %’%@

~
N [

\
N .
- B . ~
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ASK SMARTYPANTS!
AN EVIDENCE-BASED
EDUCATION PROJECT

< Krista Burdette, M.A.,, Tammy McGraw, Ed.D., and Christopher Corallo, Ed.D.

\

I i . ]

Krista Burdei;te and her colleagues at IAETE present a summary of their
efforts to assist educators -in obtaini;)g tf-we most useful and current
information about new and emerging technologies. Their Web-based tool, Ask
Smartypants!; was inspired by John Willinsky’s work. In the Vision section, Dr.

Willinsky presents his thinking about evidence-based education.
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" ASI SMARTYPANTSE
AN EVIDENCE-BASED =~ -
- EDUCATION PROJECT i

Krista Burdette,aM A Tammy McGraw EdD, and Christopher Coradllo, Ed.D.

. 1
F

< ~ . . . . -

RN

£y - : N
2 . '\ -
| n this day of information overload how can professlonals keep abreast of

e .- usefuI |nformat|on -about new and emerging technoIognes’ Amid I|teraIIy thousands
of journals and trade magazines, articles are publlshed at astoundlng rates. It wouId

be difficult for.~any professional to skim every qullcatlon and nearly impossible to

read every article. = - - .

- - - v
N
N \

Th|s problem is not echusnve to educatlon S|m|IarIy, busy physncnans I|kely

"do- not have time to read’ every medlcal research.journal, but it is |mportant for

-

them to be aware of best practlces and promnsnng treatments. " The evidence- based
medlcme model was developed byThe Centre for Evidence: Based Medicine
(Oxford) and helps busy doctors make use of medical research in their daily
praetice by providing two -\resources: Best Evidente CD'-ROM and the EBM journal:

~ The CD-ROM reviews research on relevant conditiohs symptoms treatments and

dlagnostlc tests The |ournal ‘presents abstracts collected from approx1mately 70,

~ o~

|ourna|s that were screened by a panel of expert clinicians and deemed valid, as weII
as clinically |mportant The |ournal drastlcally reduces the amount of readlng time

needed to cuII the slgnlfcant studies from hundreds of |ournals

~ ’,

A s|m|Iar effort recently began in the social sciences. Establlshed in 2000

K4
and named for a well- known psychologist, Donald Campbell the Campbell

Collaboratlon is “an emerging international effort that aims to helplp_eople make

-~ . ()
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The Institute for

of Emerging

- 'l;echnologies_,' in
Education (IAETE)
: . and Knowledge
Managemeht

‘Software, Inc.,

. have partnered to

create a tool that
¢

‘will assist

~

*practitioners in

find}ng research

and other

information
relevant to their

needs.
P

-

Q

<
.

the Advancement '

. practices”. T -

. 7 ‘ .
- and potentially valuable emerging technologies. To make things more difficult,

well-informed dec|s|ons by preparlng, malntalnlng, and promotlng access to.
‘ . Y

systematic reviews of studies on the effects of social and educational policy and

e

A\ /

Like the physicians mentioned pre\riously, busy educators stpuggle to find

time to read research and informative articles on promising technology practices

~

information about new and emerging‘technologies is not always found in traditional

/.

education journals, because cutting-edge devices and practlces often deveIoped W|th
other |ndustr|es in m|nd .may appear in popular or technical media first. Thus, even
after readlng about potentially significant ideas or resources in " education or other
|ndustr|es educators and adm|n|strators are often left WIthout a clear understandlng

of how they can adapt or apply such ideas for use in cIassrooms schooIs and

districts. o T

¢

One good example is the pers’onal digital assistant (PDA) The PaImPllot

. was |ntroduced to the business community in 1996, but the technology is only now

beglnnlng to find its way into schools and classrooms. Users can record, store,and R

play MP3 music files; administrators can electronically synchronize their~ca|endars-.‘

and instantly check a student’s schedule; teachers can manage attendance, grades, and

'seating charts; and students can use dlgltal camera attachments or downIoad math
caIcuIators from the Web. These are just a few examples of how PDAs can be used in
“schools.? Unfortunately, aIthough a variety of technologies that hoId tremendous
potentlaI for educators and students are being used.in other fi eIds currently, Iltde\ls

belng done to |dent|fy or adapt these technologles for school or classroom use.
v/ . \

‘The Institute for the Advancement of Emerging,TechnoIogies in Educ‘ation '
g \ : -

. (IAETE) and 'f(ndwledge Managefhent Software, Inc., have partnered to create 4 tool

that will ‘assist practitioners in f nding research and other information relevant to-

their needs Modeled after the evidence-based med|c|ne paradlgm this Web based

’

tooI and reVIew process is deSIgned to assist practltloners in the |dent|f cation,

evaluation, interpretation, and appllcat_lon of the most reIevant research related to

, 7 T . ’ Y . AN

new and emerging technologies.
- ! T
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- DESCRIPTION ~ " -

~— The tool—Ask Smartypants!—is powered by Deskartes developed by

Knowledge Management Software, Inc. An |mportant part of this complex multi-

" neural network is the natural Ianguage processmg component. Knowledge

: Management Software Inc., explains, “The naturaI Ianguage process allows a

pattern.”* This process is particularly beneficial to educators who may not have the. .

question to be asked in English (or any other Western language, as all are |
subported). .Deskartes will then extract the words from the sentence and create-a

pattern, which is then'passed into the Neural Network and creates the input

technology vocabulary necessary-to identify or find the information they seek. For

ease of use, the natural Ianguage process automatlcally adjusts for misspellings, '

-~

\

’

synony_ms, and categorles.

~ ’

AIthough ease of use is |mportant the real value of the tool lies in Web-

based access to summaries of current literaturé and, more |mportant it goes a step '

4
further to include schooI and/or classroom applications to consider and possible

issues or challenges. that may arise as a result of implementation. It is this feature
that differentiates this tool from other electronic indexes.
METHOD , . o o ‘

’ - . X J
More than 1,000 ;ournal titIes have been collected to represent 10 content
areas: Aeronautics &- Space Science, B|oIog|caI SC|ences Busmess, Computer Science

&Automatlon Education, Englneerlng &Technology, Medicine & Health, Military, -

_Physics, and World Wlde Web & Internet. These publlcatlons were identified usmg

recommendation lists from promlnent assoC|at|ons_ and organizations, in addition to

‘

' " .
J , - {
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HUMAN INTERFACE ENGINE
"input questions in natural language
using text or spoken communications

Gemie cen
: Question [:> o cpelling
looijiodsynonyms
Users \ @iﬁmﬂmﬂ
i
lanswers)
Solution <= Mo
Learns to ensure

solutions become more"
accurate with use
: )

) Return results to .
f; : Human Interface Engine
To verify against
Context and Structure

}

TRI-DIMENSIONAL NEURAL ENGINE
nkes the pattern generated by

the Humah Interface Engine and tooks for a match’

in its Knowledge base of solutions

\

Ist Dimension
. Enter Self-Organizing Map (SOM)

3rd Dimensign
-Pass to Vector
Quantization Network

Ind Gfmension ,
Enter Back Propagation Network

-l
SEN

It

lllustration shows the Deskartes search process. Courtesy: Knowledge Mahagement Software, Inc.
P N . ' . ’ Ve .

T
(N

Y

Magaz’)'nes. for Libraries, a publication used by academic and public libraries in

collection development.®

- 7

Using a modified Delphi technique, IAETE is assembling the publications

that provide reliable, valid, and useful research, as well as valuable information from .

trade journals and popular titles about potentially useful emerging technologies.

The modlfed DeIph| group comprlses paneIs ‘of experts representlng “each of the

10 content areas. Each member of every paneI is asked to identify from the list of

journals those that provide useful |nformat|on about new and emerglng

technologles relative to his or her |dent|fed content group. "The questlonnalre\

requires members to indicate recommended retentions and deletions from the

original list of |ournaI titles. Members are also asked to suggest additional titles that

should be included.

.

After the questionnaires are returned to IAETE, they will be ahalyzed, and.

I N8 1@ H T|2000 [VOL | | LEADERSHIP 24
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titles will be divided into categories: 100 percent consensus, 75 to 99 percent




4
consensus, 50 to 74 percent consensus, and under 50 percent consensus. A second [ GesenBe,
questionnaire will then be distributed to the panels that includes the titles receiving  CFEHIEREm Wil
beginjtolinfluence

thelresearch
repeated. Once consensus is reached on the resource list, IAETE staff will arrange comitned by

50 to 100 percent consensus and recommended additions. The process will be

for subscriptions to the selected titles and a Tier-| Review Group will be identified.  0AGTE, e well es

thefentirel
The number of journals selected during this modified Delphi process will cescara end
determine the number of members in the Tier-1 Review Group. (For example,. development
there may be |5 members representing Education and only 5 members Community

representing Aeronautics & Space Science.) Each member of the Tier-I Review
Group will be responsible for monitoring assigned titles, selecting useful articles
from the publications, and composing summaries based on a template ‘provided by
IAETE. Guidelines for seIectic/)n and.composition are under development by IAETE

and will be distributed to Tier-| group members.

Once the Tier-1 ReV}Gﬁup has been launched, a Tier-2 Review Group
will be assemb’l/evhe members of the Tier-2 Review Group will be experts in
have

AN

education’ who hands-on sc h ol and/ r cIassroom experience and who are

N

thereby able t6 glean |mpI|cations y/evaluat?e potential impact for education

f {n the sémées co péte by the Tier-|'Review Group. The Tier-2 Review
e stony & sovto s ot

Groupul meet qua evelop school and/or classroom applications for

consnderatlon and to identify poss:b/hall(ges that may arise as a resultf—\
//’z‘lmplementlng the aPPIncatloV /
r\:n 200 wthe noWIedge base will be populated and the : Web sit /
\ ksmartypants org) will beu/ly op?-atléal Educatorsfvsy Xhle to type a
@I language ques /lh on the Web site wa’hst of possnb/y relevant ' .
researg revnews Users will be/asked to evaluate the y ulness of the returned
reviews. Through the éﬁsponse, thefsoftware ‘léarns” which revnews\best
answer each questloF Usmg nfidefice ratlngs future output is modlfh\tmreﬂ&/

, 'user satisfaction:on prevnous sear /

Questld s that are no answere to~the user’s satlsfy forwarded via

wn

~ e-mail to the site administratoqeylting in a list of uest on that are not by

answered by current research. As a result/IAETE plans'to dr W on users’-ingnswered

/7
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,questlons to shape future research agendas. As gaps are identified, research can be
planned to address that need. In essence, practltloners W|II begln to |nﬂuence the

\

research. conducted by IAEI' E,as weII as the entire research and deveIopment “

community. ) < : ‘ : ol

In add|tlon to this interaction, users will be able to discuss and debate the
applications and the|r experiences reIatlve to the topics at the Web site. In this way,a

cIoser alignment of research and practlce will bé achieved.

CONCLUSION.

While this model is not as hroadly based as the Campbell Collaboration,‘it is

buile on the belief that popular media, as ‘well as emp|r|caI ‘research, must be \

. considered when charting the future of emerglng technologles in teachlng, learning,

and school management. Furthermore the appllcatlon of technologles appearlng first - - -,
in other sectors must be adapted for educatlon This modeI prompts users to

cons|der the potential vaIue of these technologles in educatlon

~

Practltloners must be active part|c|pants in the design, appI|cat|on and study
of new technologles for schools. This model offers easily accessible |nformat|on,

provides a forum to share actual classroom practices, and enables researchers to
1

narrow the focus of research to reflect the expressed needs of educators i%’

—

I

'Willinsky, ). (2060). Technolog:es of knowmg A proposal for the human sciences. Boston: Beacon Press.

2The Campbell Collaboration. (200.). About the Campbell Collaboration. http//campbell, gse upenn.edu/abouthtm.
3O'Donovan, E. (2000). Small wonders (buyer's guide). Technology & Leammg. 2I(3) IS.

*Knowledge Management Software, Inc. ‘What is natural language? FrequendyAsked Questions.
www.kmsoftware com/FAQS/default. htm##q 0. .

*Katz, W, & Katz, L (Eds.). (2000) Magazines for Libraries (10th ed) New Provndence NJ:RR Bowker
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LEADERSHIP

COMBINING TELEPHONY
AND INTERACTIVE
TELEVISIONTO |
FACILITATE EFFECTIVE
COMMUNICATION
BETWEEN SCHOOLS AND
FAMILIES

Tammy McGraw, Ed.D., John Ross, Ph.D,, Steven Greenspan, Ph.D,,

David Weimer, M.S., Andrea Basso, Ph.D., and Soleil Gregg, M.A.

[ J

Researchers at AT&T Labs and IAETE are working together to explore how
common technologies, such as the telephone and television, can be used to
provide an effective, affordable way to improve communication between

teachers and parents. The idea of pervasive technologies is the basis of Dr.

Bill Mark’s paper in the Vision section.
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@@MIUNUN@ TELEPH@NY AN@
INTERACTIVE TELEVISION TO
FACILITATE EFFECTIVE

COMMUNICATION BETWEEN
- SCHOOLS AND FAMDLUES

= Tammy McGraw, Ed.D., John Ross, Ph.D., Steven Greenspan, Ph.D.,
David Weirner, M.S., Andrea Basso; Ph.D., and Soleil Gregg, MA.

INTRODUGTIONEN

~

s educat|on reform and accountablllty initiatives pIace -

-demands on schooIs to help all students achieve at hlgh levels, schooIs are seeklng :

' support from families to assist ch|Idren in. learning. Research has consnstently
shown that famlly involvement in schooI increases student achlevement : Famllles
can, therefore play a critical role in helping ch|Idren—and schools—to meet
performance goals By worklng together as partners schools and families can
maximize efforts and resources to address barriers to Iearnlng and improve

ch|Idrens chances for school success

\
-

The types of partnerships that promote student achievement require new

levels of cooperation and coIIaboratlon between homes and schools, yet many v
barrlers prevent schools from connectlng to fam|I|es particularly in rural and inner-
city communities. Researchers at AT&T Labs and The Inst|tute for the Advancement
of Emergmg Technologies in Educatlon (IAETE) studied a possible squt|on— . l
PhoneChannel, an innovative new technology. appllcatlon—to help schooIs reach
out to familiés in rural Kentucky Unllke other,technology squt|ons PhoneChannel

maximizes two commonly used technologles—teIeV|S|on and teIephone———-that are

7
'
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Most teachers  prevalent even in the most economically distressed and geographically remote -

support famlly ., nunities. Furthermore, the learning curve to effectively use these tools is
/ : . - -

involvement and
believe that their .
Jobs are easier  cffectively use the telephone and television. Working in‘an underserved community,

" negligible, and even_those citizens who grapplé with basic literacy can-easily and

and that.childrén  the researchers assessed the technology’s potential to improve home-school
~learn more when ' ., munication and.to forge partnerships with families that help students achieve.
“tamilies workwith -~ : :

them as partners. ° THE IMPORTANCE OF FAMILY INVOLVEMENT - . -

~

) . . - Research has consistently demonstrated that family involvement in

ch|Idrens schooling i |mproves student achlevement behavnor attitudes toward -

schooI attendance, and school completlon rates. 3These f' nd|ngs are more
- : pronounced for ch|Idren in low-income families, where parent |nvoIvement can
s afford ch|Idren the same achlevement advantage as those chlldren havnng mlddle-
cIass status.* However, family mvolvement is often lowest in tne very schools. where:

e - children have the most to gain from home-schoot partnerships.’

A . N
. N Although some of the greatest effects of family involvement on acpievement. _ '
have been found‘yvhe'n families support children’s learning at home, many parents
do not [Znow how to help their children learn.¢ Teachers can boost this type of
- ' involvement, and subsequently stud_ent achievernent, by sharing information with
\familiés about how to heln children conwplete schoolworlt and develop the study"
. skills needed for academic success.’ ‘ o . . : J
! ' . \ ‘ - | T B : b_ -
“Most teachers support family invoIvement and believe that their jobs’ are
< o edsier an,d that children learn more when farhilies "work‘with thém as paArtners.B In
| addition, teachers have hrgher opinions of parents and parents express more .
~ satisfaction with teachers and school$ when levels of fan1ily invoIVement_ are high.’
. 7 Stu‘dies show thatfrequent communication witn families about ‘school programs and ’
: . .

C " their ch|Idrens progress is one way “that schools' can increase famlly |nvoIvement in

education both at home and at schooI 10

Frequent two-way communication has been identified as a characteristic of
successful school-family partnerships, along with mutual trust and respect, common

goals, and shared responsibility for students’ learning." Likewise, school practices

r . Ve ) , ] - \

l . \ ’ . ' ) 1 . .
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linked to successful family involvement programs include frequent and meaningful
two-way communication between homes and schools, a family-focused philosophy,
written policies regarding family involvement, administrative support for programs
and policies, training for school staff on ways to involve parents, a partnership

approach, networking with community resoures, and program evaluation.

To promote partnhership between schools and families, policymakers have
included parent involvement components in several federai education initiatives.
The Goals 2000: Educate America Act of 1994 added parent involvement as a
national education goal. Both Title | of the Improving.America’s Schools Act of 1994
and the 1997 amendments to the Individuals; with Disabilities Education Act defined
new roles for families intended to empower them to participate as partners in their
children’s education. Despite such measures, however, family involvement remains
an elusive goal for many schools, particularly those in rural areas and inner cities

with high concentrations of low-income parents."

-

CVERCEMING BARRIERS T© ALY INVORVEMEN T

Despite the overwhelming evidence that family involvement is vital to the
improvement of student achievement, many barriers can prevent families from
becoming more involved in their children’s education. F’/{esearch'has identified at
least six barriers to family involvement: (1) busy or conflicting schedules, (2) lack of
information about the school and how to assist with schoolwork, (3) cultural or
language differences, (4) transportation and child-care difficulties, (5) low parental
education levels, and (6) unsupportive school policies and practices." Such barriers
not only keep parents from participating in school activities but also impede -
communication with teachers that could help them to assist their children with

learning at home.

'Many low-income parents feel alienated from their child’s school, possibly in
part because of workplace demands.” The majority of working parents report that
they have too little time for their children, and 40 percent believe that they devote
too little time to their child’s education." Both parents and teachers point to lack
of time as the main barrier preventing meaningful home-school communication and

family involvement in education. Parents are unable to come to school during the

IN s16RT|200!|VOLI |LEADERASHIP3I
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day because they are at work, and teachers are unavailable to. take calls from
parents because they are busy with students and cannot leave their classrooms
; :

-unattended."” : 7 \

~ : -

Teachers in high-poverty schools perceive parents’ lack of education as the -
A - ; . _ -

second biggest barrier to their involvement in children’s learning, a-problem-
common to rural areas and inner cities.”® Lack of education not only affects parents’

ability to assist with schoolwork but also can make them feel uncomfortable at

3
school and amplify social and cultural differences that impede communication. <
. \ ’ )
A . _ \ _ . :

-

Some families—such as rural, inner-city, disadvantaged, and single-parent—
1

face multiple and overlapping barriers that together create vast obstacles to their

s

involvement and make partnersh'ip a difficult and complex venture for schools and -
teachers. Schools can help to overcome barriefs to'hon1e-scthI partnershibs by
reaching out to parents, especial'l): those whoare less likely to participate."" Stutiies
S show that parents want to be informed about their child’s schooling. They |

\ partlcularly want to know about ways to help their child at home; |nformat|on -

aboyt’school activitiés, programs and pol@ow their ch|Id is progressing; what

e ,

teachers s expect their ch|Id to do; and ways they can be |nvoIved » However the

pd

challenge facing schools is how to establish effective, ongoing communication T with

/- 4 S N / L

theL/Dardest-to reach families. Best practices-for reachlng all types of families

e

include using a var|ety of commun|cat|on strategles,adapted to parents’ needs (e .

e e

_“telephone calls, audio- a n videotapes, and personaI contacts) and relying less on ,

printed-materials.”

N

In many areas of the country, techinology is helping-

VL7 ( <

home-school communigation by eliminating barriers of time

AR el

messaglng systems, homework hotlines, Web sites, and e‘mail are some of the ways

o S

thattechnology is-providing families access to school information anytime, anyplace:

__— o

However, phone messaging systems do not-allow direct communication-with a -

child’s teacher; and while'Web sntes'typlcally post general school information, most,
_because of privacy concernsydo not yet prowde information about an individual
student’s progress Of these technology applications, onIye/palj! promotes the type

. ~of meanlngful two-way communication.that encourages family involvement’and -

) . .
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~

builds successful home- school partnersh|ps Unfortunately, many families struggle

W|th basic literacy issues, |nadequate keyboardlng skills, and computer access.

Disadvantaged families face greater barriers to participation because they

»

lack access to the necessary technology. Although research shows that the digital

divide is shrinking, rural, inner-city, Iow-incomé and less-educated families are stiII
o

less likely to own computers and to be connected t0 the Internet For example,

only 4 percent of households W|th incomes less than $ I5 000 and no high school -

\

diploma have Internet access compared to 80 percent for fam|I|es with a college

d|pIoma maklng over $75 000 B

While nevv communicat_ion tools provide unprecedented opportunities to

connect families and schools, many solutions are not viable for some individuals or - -

communities. In light of limited access to advanced technology in homes, one .

report'suggests that * ‘getting an oId-fash|oned teIephone into- every classroom might

" be one of the most effective ways to improve communication between families and

teachers.”24 AIthough few teachers currently have

teIephones in_their classrooms,

most have access to telephones in a teacher workroom, school I|brary, or school

off ice. Further evndence to support usnng the telephone to |mprove school-to-

home communications can be found in teIephone

penetration rates for pr|vate

reS|dences with 94.1 percent of American households reporting phone access from

home.%. ,' . .

. i ..

MULTIMEDIA COMMUNICATION

= : -~ ’ )

. = . i
Telephones provide adequately for vocaI conversation but face-to-face

meetlngs also allow visual communication ‘and can be invaluable in creatlng or-

restorlng trust. Recent technologlcal advances in personal computers and -

muIt|med|a commun|cat|on

-

, teIecommun|cat|ons have decreased the expense and increased the functionality of

'

[EXPRESSIVENESS THROUGH AUDIO AND ViSUAL MEDIA

Research onaudiovisual communication demonstrates the value of both

audio and video. However, of the two, audio is-more important for most types of

communication.® Indeed, studies of videotelephony indicate that improving audio
. - . . \ . -

¢3%

1

N
’

»B1GH 1'|200| |voL.I | LEADERSHIP 33

Recent L
technological .
advances.in,

. computers and

telocommunications
have decreased -
the exp'ens'e and _
increased the
functhn'aiity of

multimedia ’

\

‘communication.

. ’ N

7



Although many  quality, while maintaining a constant video quality, leads to perceived improvements
m@pﬂ? ar®  in video quality. Coriversely, poor voice quality can create severe communication

enthusiastic about : - : ~ - : . . -

) problems.

the emotional. .

value of seeing

Ny Audlowsual collaboration. tooIs on PCs are becoming popuIar However,
- one anothet, the -

- : most of these tools were deS|gned for busmess use, not households s Audlowsual
same people ha_ve

oxpressed collaboration tooIs (both t)we software and ancillary deV|ces such as Web cams and

concerns about mlcrophones) are especially difficule for residential users to |nstaII configure, and
. privacy and the 5o \Web cams often distort the movements of the speaker, and the resulting
" difficulties o . S : ST ‘
: o abrupt changes in facial-expression can be disconcerting.” Indeed, studies and field .
imposed by poor . :
.. . \ . . . 30 y
' camera angles . trials of V|deoteIephony have yielded mlxed results.” Although many people are
" and visual enthuS|ast|c about the emotional vaIue of seeing one another the same people have

distortions.  eypressed concerns about prlvacy and the diffi cuItles imposed by poor camera i
angles-and visual distortions. - Many field tr|aIs of wdeotelephony show reduced

" usage over time.” - o ‘

. f B ‘-
- \

N Howev'er, some of the richness of face-to‘face cornmunication can be

achieved W|thout wdeoconferencmg Several researchers "have argued that too

much attention has been focused on talklng heads and not on the other

conversational artifacts that can facilitate communlcatlon 2 Early marketlng research

by AT&T and more- recent research highlight the importance of belng able to see

what the other person fs talking about 3 Sharing visual artifacts has been shown to _
. _ ) significantly improve conversational eff iciency and sat|sfact|on “ The reason for this -
- ’ gain -ln effaency is that shared visual art|facts allow speakers to more easily refer to
physical objects. '(\For ‘example, they can»pomt to objects and use Ilngulstlc terms
- ‘ . like “this” and “theit."}" Without the shared context, speakers and listeners have
more dlffculty establlshlng common ground and often have to refer to physical
objects: usmg more abstract and linguistically compIex descrlptlons For, these

. reasons, we believe that the ability to augment normal phone conversations with °

4 - . .- N - - -‘ -
4 . shared visual.information would be valued in parent-teacher communication.
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COMMUINICATTION] lavailabilityfand
: } 'synchrony]
Audiovisual richness is one dimension that is used to describe infoencervhat

communication. A second dimension describes the manner in which conversational

participants interact. in synchronous communication, utterances are heard as they - (ERIERES CE
lassumefabout]

are spoken (or written) and responses can be swift. Face-to-face communication is
leachfothers

the prime example of synchronous communication. E-mail and voice mail lie at the
other extreme. The content is created long before the recipient receives it. (In the
case of Web pages, the recipient is usually unknown.) Research on this distinction
indicates that synchronous communication (e.g., face-to-face meetings) typically
contains less formal, more expressive language. Synchrony also provides |
opportunities for real-time feedback, thus minimizing misunderstandings and
demonstrating attentiveness. In contrast, asynchronous communication {e.g., e-mail)

allows greater control over content creation and archiving.*

ESWAEBLISRIING AN CEMFEN EROUND
MULTHIMEDIAYCOMMUNICATION

Audiovisual availability and §ynchrony influence what communication
participants can assume about each other. To communicate efficiently and
successfully, people must assume a common ground of world knowledge and
intentions.” In face-to-face conversations, people use audio and visual channels to

establish meaning and correct assumptions about each other’s perspective.

Establishing common ground is more difficuit when participants are not in
the same physical location. Telephones provide voice and real-time interaction but

. no visual information. Two-way videoconferencing provides real-time voice and
visua! exchange, but the visual channel generally provides a limited and sometimes

distorted view of the other’s physical body and surroundings.”

Empirical research on common groun_d tends to emphasize the mechanisms
that establish reference to the physical and social world, and previously spoken
utterances.”® However, coordinated activities include emotional attunement as well
as mutual knowledge. Speakers and listeners adapt to each other’s communication
style, sometimes taking on the accent or jargon of the other.” They learn to trust ,

¥
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Interactivity -

allows
participants to
attuhe to each

. other’s needs and

expectati‘ons, .

facilitating the
development

of trust.
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 PHONECHANNEL = -« .

. based activity in which an individual can explain or talk through visuals, such as

.
\ : : ’

or distrust one another, develop bonds, and form expectations about social roles

and whether or not future interactions will be enjoyable.*

N

Common ground and attunement are combleﬁenmry concepts. Common
ground research tends to focus on the coghitive and linguistic elements of
communication, and attu'nerpent tends to empi’las{ze the emotional aspects.
Attunement playé a role in th,e developmenf of trust.*' Trust devélbps, in part,
through obsexrvable'indi'cators that_thé other pérson is trustworthy. Individuals are
often considered trustworthy, for example, v:/_hen they appear to be competen-t, -
reliable, concerned about and attentive to the trusting person, and similar in
background or social values.?T hus, 2 pers"dn can increase perceptions"éf his or her
tru_stwo;'thliness'by be_ing,cooperative; shéwihg solidarity with othe.rs, béing reliable,
releasing tension through jokes and Iaughter:, s\howing passive acceptance and .

agréeing with others, indicating attention by asking for clarification, and giving

suggestions that imply the other person has autonomy.* Interactivity allows e

participants to attune to each other’s needs and expectations, facilitating the

development of trust* ' - . . o

- - - . ) 4

' .
PhoneChannel is a new communication service that allows a person with

access to the Internet to display visuals on a digital-cable subscriber’s,television
while the two are .‘talking; (The co‘ricept works equally well with broadband,
wireless, and S\.Nitghedb video over xDSL.)’A user can “push” information-from a \
computer to a household TV. For example, a teﬁcher might call a parent, ask the

parent to tune to channel 77 on the household cable TV, and display a student’s

schedule, projects; or homework on that TV. It is also applicable in any service-

providing supporf for step-.by-s;tep directions or suppleméntihg English-based

v

directions in another language. See Table.| for an example call flow.

N

i

‘

\
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N What the users do

What happens in tha teléphonz and cable networks

N

1P or cable subscriber initiates a phone

- Normal all set-up procedure.

The other person answers the
tclephone

Normal telephone call connection is created.

PC user la\mches client appluzhun

... asks the TV subsariber to tune their
TV to the PhoneChamnel (e.gg, “83").

~

The TV subsaribegs teiephone number is used as an alias for the
cable or stellite TV's network address; the call connection

. providesan 1mplxat authorization to allow communication
between the PC user and the TV viewer. (Whm there is no-call’
connection; further visual communication is denied.) R

The PC user captures visual
information with the applxamnn using
a "send" button.

The PhoneChannel server is told to display the new image on the

Thc sent image is displayed on the
™. .

The image is sent through the IP network to the cable headend
- with addressing information. It is then broadcast but is receivable
only by the appropriate set-top box:

Table I7An example of a PhoneChannel call flow.

teIecommunlcatlons with visual. |nformat|on The teIephone provides a channel for

¢

PhoneChanneI utilizes readlly available household devices to augment ‘

to establlsh trust. The television enables the sharing of V|sual information to

Aconveylng soao-emouonal information in real time, thereby aIIowmg attunements

establish common ground and increases trust by reducnng uncertainty related to -

task-or

|ented information.

By Using the television, multiple conversation participants can sit'

comfortably wh|Ie talklng with others over PhoneChannel instead of crowdlng

around a PC Unlike PC applications based on co-browsmg, the. parent ina

teacher-parent d|alogue doesn’t have to navigate aWeb browser to find reIevant

information. Thus, it allows non-PC. households to communicate with PC-enabIed

|

schools or cIassrooms wh|Ie minimizing devnce complexnty for the non-PC usérs.

Even in households W|th PCs, PhoneChannel via television may be desired because

PCs are often situated on desktops away from the social center of the household

‘The appllcatlon is robust enough, however to be extended to PC- to-PC

-

communlcatlon and other visual communication devices.

T e

Q-

\
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" The influence of’PhoneChannel on communication and interpersonal

. - a :
relationships has been investigated in two Iaboratory studies. of e-commerce. One

study |nvoIved real estate and the other catalog shopp|ng In both stud|es

PhoneChannel was compared to other types of communication media. In the real

estate study, a real estate agent hired for the study rece|ved phone calls from study

3 . participants who were in the process of Iook|ng for a new house The real estate
agent either used PhoneChanneI or just the phone to talk with the study

participants. Other’study participants used a Web browser to search for possible '_

~

~  homes. Participants were asked to select.several houses that they would like to -

visit. After making their selections, they completed a questionnaire. Results

indicated that using a telephone or PhoneChannel led to greater ratings of trust -

than using the Web. However, using the Web or PhoneChannel was: considered
. - . ' L
more convenient, fun, and efficient.®

~
- [

} A/Infl?jatalog shopping study,"participants were asked to select a blender as
S , a ‘gift’for a friend using one of four methods: PhoneChannel; a standard Web |

"/

\
browser, a"Web browsyaugme/nted with audio descrlptlons of the blenders, and-a

Yl <

Web browser aug}ented with a wnnd/ow for ;al/ -time instant messaging (|.e.,»text ‘
based) w1th a salés agent * PhoneChannel afid instant/messaging resulted in higher

vy

ratings of |nterpersonaI trust than the other two YVeb conditions, but using

P

honeChanneI was conS|dered more comprehiensive and-efficient than using instant’

=

messaglng PhoneChanneI also was cornsidered easier, more pleasant, and more

\

kN
’

/
N

engaglng t%usnn any of the Web browsefs. Given these findings, it is likely tha

honeChanneI\wﬂI)support eff‘cnent enga@g/conversm%h?uld encou/rage
trust betwee par téd teacher relative to other formséf communication;at-a-

dlstance By usnng technoIog|es readily available in_most homes\families are more .

I|ker to have access to.the“tools nécessary for effective communication with

schools.

USING. @MNE@%NE&

Instead of creatlng.a network that integrates té Iephony and video,

PhoneChanneI loosely coupIes the Internet, telephone, and televisjoh networks

~
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Loose coupllng means that they operate |ndependentIy of one another but
communicate status |nformat|on through a- shared database _PhoneChannel uses
_ the telephone number as the Ioglcal address of a,visual d|splay, in th|s case the
household TV that is otherW|se unassouated W|th the teIephone network The -
teIephone conversation is the authorlzatlon that allows the PC user to send the
V|suaIs to the TV, This has three benefts (I) it makes addressmg the TV d|splay easy
-for the sender, (2) it prevents nuisance _\callers\frorn displaying anythlng onausers
TV screen, and (3). itlprovides a secure c'onnectTon so that interlopers.may n’ot view .

‘

.student data TheTV user must be W|II|ng to talk on the teIephone and tune the TV

’ . . 4 * "
to the proper channeI = _ A PR

- . ’ ' . ) . Y

~

] AU PhoneChannel Archltecture .\

N

IP Network

PhoneChannel Server
"+ session management
+ e\gentdlstﬂbmon

g

Cable Headend
«|PGateway

Coniem Server

(DSTB) and imagn is
+ sent to network sexver.

3. DSTB receives

‘4 -command via data .
nstwork to retrisve

. image flom a network

- serVeY, image is

displayed on TV.

P ‘. . ’ T ’ v

¢ Diagram |
. ’ ' X - : . v - . ’ .- . o g \

. .~ Diagram | shows the architecture for PC-to-TV vistal push for the

. .° . education trials. A teacher initiates-a telephone call through a standard phone~

A -

connection and pushes content from a school-based computerto a Web site where
' ' access is restr|cted to session members (the househoId) The PhoneChannel serveri
'(- " ‘\ : manages the session and opens the deslred commun|cat|on channel once the. .

teacher manuaIIy inputs the deS|gnated househoId phone number”’ through the -

PhoneChanneI computer |nterface Durlng the sessmn the teacher-can push any

]

f T . '
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digital information that can be displayed from the computer, including an electronic
student portfolib, an electronic gréde manager, pictures,-and Web sites. In addition,
through the use of a document camera, the teacher can push images of three-
dimepsional produ‘ctS or manipulate objects during the conversation, which can be
useful for working through homework problems or discussingb concepts for
reinforcement with the parents. In diagram |, teachers in School A and School B

are running the application and pushing information to different set-top boxes for

viewing on two different households’ TVs.

PRONECHRARNRNGEL 0]

The prdject described below was a pilot study of the PhoneChannéI
application in a school setting. Calloway County, Kentucky, is a large rural county in

the southwest part of the state that has identified increased parental

communication as a goal for improvement, based on data gathered from parents.

Calloway County Schools employed Developmental Research and Progr"ams, |I"I'C., of
Seattle,'Wasrhington, to administer the Communities That Care Youth Survey. The
survey data was collected in October 1999, and the participants were district
students in grades 6 to 12.- Results indicated that 43 percent of students live in a”
single-par;ent household as compared to the national average of 33 percent. in :
addition, student households are widely distributed across the county, and distance
isa signiﬁcant barrier{ to successfully g‘etting parents to the school for meetings anvd

conferences. .

~

The pilot study utilized a teacher at each of two elementary schools, one of.
wl;ich is c!esignated as a Title | school. Each teacher. used the PhoneChannel
application to augment school-to-home communications while still havir]g the
option to comﬁunicate through more traditional means, such as written notes, _
phéne calls, and face-to-face meetings. Np teacher was expected to eliminate any
mode of communication. The teachers in the study recorded their ‘school-to-home
commu'nicatifons by type and frequency and were asked to self-report on perceived

A

quality and effect. C .

- Several factors encouraged the successful deployment of the PhoneChannel

application in Calloway County Schools. Preliminary surveys of target classrooms

2
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When asked

® whether the

system was easy
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to use, school

personnel replied -

that it

the Internet

. U .
‘connection is

_vellﬁalble, the

< system is very
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indicated that all student ho'useholds h’ad at least one TV and all but one, had phone~ ‘

~

WY

access, even in the Title | schools households All of the classrooms in the two

schools had telephone service. In addition, the teachers used computers in the|r

N
classrooms for i !nstructlon, lesson preparation, student management, or .

communication ona daily basis. The PhoneChannel application required minimal .
new technology competenc|es beyond teachers’ existing skllls Calloway County- ~
Schools also use student portfollos that were easily.shared over the PhoneChannel

application. ;o ‘
R : s .-
- - . . A 1 ) .
"The Calloway County Schools pilot.was a key step in the evolution of a

large-scale study in an educational setting, and‘.(lessons Iearned will be invaluable. In.
fnovnng from the Iaboratory to the field, it was. |mportant to negotlate and adapt to
the reaI|t|es of deI|ver|ng secure |nformat|on over a cable televnsnon |nfrastructure
The realities -of cost models and proprietary. system protocols were compounded

/
through the need to transmit the PhoneChannel signal via two dlfferent cable
companies. Representatlves from Charter Communlcatlons and MedlaComm in

‘Calloway County worked: with the researchers and developers to establlsh a

worklng solut|on to transmit |nformat|on originating outside the cable network to-

subscrlber homes Future delivery of PhoneChannel will owe much to this pilot

study,regardless of whether it is transmitted via cable television, broadband cable

modems, the Internet, or satellite. RS o -

-~ ‘ N ) ’ o s 3 / - - )
" The Calloway County Schools .pilot study helped to éstablish some user

perspectlves on the types of communication that are effective when using the

- !

)

PhoneChannel appl|cat|on When asked whether the systeni was easy to use,

)
school personnel replled that if the Internet connection is reliable, the system is _
— N \

very easy to use. In fact, one of the school technology coordinators who was going

[

to offer. techn|cal support dur|ng one PhoneChannel session d|scovered that the

teacher and home usér in her school had actually gotten the system up and runnlng‘

e

pr|or to her arrival. School personnel generally agreed that the teachers could run

the System on n their own and could even do it from home computers ™
~ : . ~ ! ‘ . A .
While the'original intent of the educational application was to share.
. . -. - . 3 \ . A " L.
artifacts from an electronic portfolio, school personnel involved in the.pilot offered
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. severaI common schooI reIated activities that could benefit from deI|very via - The greatest

PhoneChanneI These activities include discussing assignments with parents __ difficulty in terms -
- . " of implementing
demonstrating progress, delivering school-based .reports such as report cards and _ -
: g ! : , " the system was
progress reports, sharing discipline referrals, delivering and explaining homework to finding time to.’
N y . . . . . . ' . . M y ) N ‘.
absent students, obtaining missing assighments, and holding parent-teacher accommodate a
. 7 . - .
conferences. The District Technology- Coordinator-commented that three areas PhoneChannel
< o o . ) : o _ call. While the
where she saw PhoneChannel making the greatest impact were supporting n|ght o
- . physical system .

cIasses alternative schooI students and especially homebound students. Teachers of orked well,

the homebound work one-on-one and spend much of the|r t|me on the road . . _~parents are still

+ driving between homes. PhoneChannel wouild reducé travel time, which could then  not home during
Do : o - ' : the school day

be spent on instruction.. . » .- -

L R '~ when teachers are

-

: The greatest dlff'culty in lmplementlng the, system was finding time to working.

-, accommodate a PhoneChanneI call. While the physical system worked well, parents
: t - V _\.

are still not home dur|ng the school day when teachers are work|ng. The ‘existing

.

P structure of the school day also does not compensate “teachers for work|ng outsnde
L { . s -
7 schooI hours. Several solutions were provided, however including try|ng to : _ -

o .
. ‘schedule PhoneChanneI conferences during teacher planning times, |nstaII|ng-the ' , ‘
. , : . ,
. system on teacher home computers or'school Iaptops and investigating noveI ‘ ' ,
: scheduI|ng practices. Some schools scheduIe haIf-day or part-day parent conference
e : -days! but these still occur while parents are not commonIy at home. In order to \ _I N
L contact parerlts\r'\ot available during that time, schools could consider'_.Working with .
- employers to allow parents access at work or giving teachers reIease time. Then,
- teachers couId log comparabIe time on the system at n|ght All use wouId be T

Iogged by the server, and actuaI t|me spent wouId be .very easy to corroborate

'

Dur|ng the trial, one feature of the system was d|scovered that had not
, been discussed earlier. Documents that are ‘pushed to a home are stored in an
arch|ve Home users can view these documents from their television at any time, - ‘ =
-~ regardIess of whether they are_ |nvoIved in a session. The arch|ve access|bIe using.
- the remote control from the set top box, generated further suggestions for soIvnng

the dlff'culty of scheduling. Teachers could push |tems to the student arch|ve dur|ng

o~ 7 their pIann|ng per|od and then couId discuss the |tems at a later t|me when the - o

~ N

R S S ] ' . :
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" parents were Home. Teachers could use just a phone, such as a home phone, at

{ s . N N . ~ . - N '. ’ N . . b ‘
night to discuss the archived items with parents. Another option is that parents .
S couId view. the archived documents at night and then discuss the documents with
- the teachers dur|ng the day by phone only dur|ng a prearranged call, such as’ dur|ng

» the teacher’s pIann|ng period. Use of the archive feature holds | great potent|aI for
_ ) :

increasing the effectiveness of the PhoneChanneI system and merits further

investigation.

~ - N I ) -

- _ .+ The future of PhoneChanneI is br|ght Wh|Ie the pilot study reI|ed on cabIe
dissemination, a var|ety of deI|very modes are p055|b|e in subsequent appI|cat|ons——

|ncIud|ng wnreIess transmission. PhoneChanneI also has opened the door to a variety

N

of educat|on reIated activities that-are not I|m|ted solely to trad|t|onaI classroom

. support The common ground for communlcatlon establlshed by PhoneChanneI can
increase trustworthiness during the conversation and has |mmed|ate appllcation to
- - - several scenarios. Based on this preliminary study, it appears that servnce provnders -
can ut|I|ze PhoneChannel to support adult and family. ||teracy programs English asa
o second Ianguage (ESL) programs, distance-based and distributed learning and training,
. ’ .and services for disabled users. The retail market too, can utilize the- appI|cat|on to .
dlssemlnate t|mer and targeted |nformat|on designed to better meet consumer.

_needs. This unique application has breathed new life into two common technologies

" that can now become powerful tools in education. %’%@ ‘
| . e

o o
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INTERNET2: PUTTING
NEW TECHNOLOGIES TO

‘WORK IN THE SCHOOLS

Compiled by Louis Fox, M.A.

L -] o

Louis Fox captures our imagination with his discussion of several projects
currently under way with the Internet2 K20 initiative. To understand how it

all began, look at the article he and Ron Johnson present in the Vision section.
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 INTERNET2: PUTTING NEW =
 TECHNOLOGIES TO WORK IN -
TD:D E S@H@@ LS Compded by Loiiis Fox MA

BACKGROUNDIEER

-

nternet2 is a consortium led by over 180 universities, many of which, along /
’ with industry and government partners, are the institutions and individuals who i -
- created the original Internet. The purpose of Internet2 is to develop and deploy - ** .

advanced network applications‘and technologies, thereby accelerating the creation

)

of tomorrows Internet capabilities. It is important to note that this partnershlp—

‘and the ensuing development cycle from research’ and development, to Co- -

~

partnershlps to pr|vat|zat|ons and, ult|mately, to technology transfer and

commerC|aI|zat|on—|s being deI|berater and significantly accelerated in Internet2.

/
. The primary goals of Internet2 are to (a) create a leading-edge network
capabilit} for the hatiohal research community, (b) enable revolutionary Internet
" applications, and (c) ensure the rapid transfer of new network services and
. h B . N N - ¢

- applications to the broader Internet community. With the latter goal in mind,

Internet2 has launched and will lead an Internet2 K20 Initiative to-extend advanced
networks appllcatlons and-services' to the rest of the educatlon communlty UnI|ke.
the fi rst-generatlon Internet, wh|ch took nearly three decades to reach the .

mainstream .of the educat|on communlty and the publlc the goal of th|s initiative is

y  to bringinnovators from across all education sectors to the table much closer to

launch. h
N i ‘ o : ) ' W o BN
. N . s _ \ It R — _
) ‘. - , : . N . ' r o ) ) ~ .
S , L . o A -
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Potential areas to  The Internet2 K20 Initiative will engage K-12 schools, colleges and -
[ y - ot : Y . . . :
. beo pursued universities, libraries, and museums (and their government and corporate partners)
Include advanced ' - . o :

. content M the development of partnerships and collaborations across a wide range of areas

‘ repositories; = that leverage Internet2 technologies and networks. In addition, the 'Initiative will

-advanced  focus on programmatic and content efforts that are likely to facilitate teaching,.

applications; -Iearning, and access to educational opportunities for the broad education
-, middleware o
- communlty and ‘its constituencies. Potential areas to be pursued‘include advanced
collalporatlons; .

advanced network A content repositories; advanced applications; m|ddIeware coIIaboratlons; advanced

_services; network services; broadband; and related research, evaluation, and information
bmadba,"d; and - sharing. Some examples of these efforts, and the technologies that will support

related research, . ] . : A S . N R
: them, are described in this article. -

\
evaluation, and ~

informag! - \
nformagion Internet2 is a test bed for the use of a new class of media objects in

.;Sham.‘g. " teaching and learning. Internet2 experiments will help,to inform thé:dec‘isiohs of .
* educators Iooking for ways to take advantage of diverse Iearning resources 'with'in
their own communities and from other commumtles in the United States and
around the globe. The following examples were taken from two states, Washington
and Missouri, and represent forward-looking pro]ects, some of which predated -~
.’(and/or anticipated) the internet2 K20 initiative: Several of these projects involve
) substantive partnerships with researchers and developers from the corporate .

sector.

\ O HIGH FH@EILH?YA@@D@ AND BROADCASTING - ;

) : ) » -
EXPE01EaC0 MUSIC PaoOmCY.

IKEXH. \

- LIVE UNCOMPRESSED AUDIO FROM KEXP-FM

www. kexp org/ B B

'KEXP-FM Radlo, the University of Washington and Experience Muslc
Project (EMP) in Seattle have formed an innovative partnershlp allowing KEXP—FM
.to build on the stations current format and to become an innovator in public radio

programming and technology. Seattle-based KEXP 90.3 FM; an eclectic,
N v
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noncommercial music station{-in partnership with the Pacific Northwest GigaPoP
and ResearchChanneI offers Washington K-20 Network listeners, and now
Internet2 listeners, the opportunity to hear uncompressed CD- q\uality audio of |ts
. programming service over the Internet KEXP-FM is the first station in the worId-
to do this. This around-the cIock strearn proV|des the listener W|th the highest

- audio experience at a rate of. 1.4 Mbps' : Streamlng uncompressed audio over . oo

Internet2 hlgh performance networks represents the ‘gold standard" in deI|ver|ng

—
the r|chest and the purest mus|caI content and also demonstrates how Internet2 ~
networks can distribute the work of artists in the{highest quality poss|bIe, enabling- \
more. people to experience and appreciate music the way it is meant to be 4 )
experienced, as close to “live” as possible. L \ ; S

B . . . ‘ i - { ’
. DIGITAL VIDE® | .
\-“'”/' : - | S ST ' ’
ResearchChannel . .
One brighf idea after another ’ ,
4 \ - - .
7y . : .
* RESEARCHCHANNEL | | ’
www.researchchannel.com/ | . S ST
b N , - ‘ B

facilitate the communication of research information. - -

1

N ResearchChannel is a nonprofit consortium of leading research institutions

* dedicated to building high-quality.Internet, cable, and sateIIite-based channels to

-

.

P [

‘ResearchChannel is’ p|oneer|ng new methods of Internet-based stre‘aming

d|str|but|on of high definition teIeV|s|on (HDTV) and better-than- broadcast-quality

video through ongoing collaborative technology exper|ments. One of the major

"~ goals, of the ResearchChannel.is to use content, content creation, and manipulation

_FRIC—

" processes as a workbench to ‘test materials for future analog and digital broadcast A
~ o
and on- demand muIt|med|a offerings, thus providing an unusual opportunity to ,

exper|ment ‘with new methods of d|str|but|on and interaction globally
o ResearchChanneI’ progr'ams feature information about a wide range of new

S ' . ) T
and evolving scientific research studies and discoveries. These programs are

1 .N»a.e_nr|200||v01_ I'| LEADERSHIP 51 .
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" high-quality video

\. of _requnding to

<

’

- -

Using very large regularly recorded at research institutions, universities, and academies for )

collections of  jistribution to public and scientific audiences. ResearchChannel broadcasts
v . - X

4 audi continuously, premiering an average of 40 programs each month with subjects that
.and audio,. - - . : , : C

include a wide variety of topics, among them astronomy, aeronautics, biology, - o
. \

~

ResearchChannel .
* and KEXP are  bioéngineering, computer science, medical and health sciences, social sciences, and”

exploring methods (o .. A programming is produced by leading institutions offering an

- unmediated, highly credible source for information about research activities in
demand that can ' ;. : : : . :

: \ . . - . .
originate from  Progress around the world. Programming exemplifies meritorious, telegenic . -
-~ : N ' ! .

personal digital research, or peer-reviewed research in the context of broadcast-quality video.

assistants (PDAS)  |1formation is presented in such formats as research reports by leading scientists, . Y

.

or desktops, from . .. . . . . . .
interviews with researchers, medical rounds, lectures, by university professors, major
~ TV set-top boxes . : .

conference proceedings, video news reIe'ases and documentaries This - ) .-

or Internet radio
\

_ devices. programmlng in better-than-broadcast quallty. and often wnth supportlng multlmedla

on the Web, is available to students, teachers, and cIassrooms partncnpatlng in

Internet2s Sponsored Education Group Partncnpant program. o ' ‘

INNOVATIONS IN DIGITAL coﬁvenaeﬂce

AV VAR

The ResearchChannel and’KEXP experlments in on- demand vndeo/audlo

AN AN

archiying provide the opportunity to-develop the necessary

P

L ! .
infrastructure to’understand and use hlg -quality multlmedla images, video, and '

—
( . .
audio objects. Tfé expym/ m@the netwéklng an/d.comput{g_>

infrastricture as well ‘as’the“thought processes for finding; accessing, securing,.and

P —

authorizing the‘use of rich, new media“resourcesfor an audience that-is as varied as

the types of video, audio, and inferactive exXperiences that are_ posslble/

Voo

Using veryj largé collections-of-high-quality video and audio,

\ResearchChannel‘ and KEXP are exploring‘methods Ofépondlng\t

boxes or Internet radlo devices” As scalable and reliable methods for meeting_this__

/
- d o
demand are developed;these experiments make possjble new resources for

ERIC .

Aruitoxt provided by Eic:




-, N ’ .. ) \ . .
Also, the ResearchChannel consortium is enabling the publishing of material ~ The NEPTUNE

from many sources into a consistent supported environment, which in turn creates - E "°"°°9 can m a

L . 5 .. . . .  key com;tmnem in
N - infrastructure for publishing that can be generalized. IR o -
) . S S R B ‘ _‘ . - ca\p_umhmng on - .
. ) ‘ i s - - ‘ . . . ¢ ) . th T )
' REMOTE INSTRUMENTATION | N these mow et

time,, in situ

apm;maches that

.will create a suite

. e, .
~ .of new operational -

v paradigms in the '
ea;rttlh, ocean, and
’ pﬂaweﬁaw -
sciences—

allowing

researchers to

observe o

environments _

continuously and

ihﬁemcﬁiveﬂy.

within é seﬂecﬁe'dl,
. . o o ’ | . dynamic '
Yo . NEPTUNE A FIBER OPTIC TELESCOPE TO lNNER SPACE

© -www.neptune. washington.edu/ " . Co . ' Y

environment. /ﬂ
YLl !

1

+

The earth, ocean, anci\p—lanetary sciences are on the threshold of majo;' ‘ o .
changes driven by rapldly emerglng ideas and powerful enabllng technologies.

. , Hlstorlcally, oceanographers have gone to sea in ships for short perlods to coIIect
jdata Mlsslng from this traditional approach has been crucial information on the

. fourth dlmen5|on of natural processes time. Now by comblnlng advances in many . /
different technologlcal fields, we have the ablllty to enter, sense, and mteract with
the total ocean-earth environment for Iong periods. The NEPTUNE Project can.be '
a-key:compoﬁent in capiw!iiing on these new real-time, in situ approaches ‘that will N

" create a suite of new operational paradigms’in the earth, ocean, and planetar;y ' .
'sciénces—‘allov’vihg researchers to observe environments continuously and - o -
interactively within a selected, dynamlc enwronment Opportunltles exist to couple |
this scientific-technical revolutlon W|th entirely new,,approaches to -educating -
learners of all'ages.. . - iy S S BN

. \ € tee

. ST mi - o

’ . . . -
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D.=on- the first time,
veséairchers and
ghove-based
learners of-all

ages will

dl_eitmiled studies
and -experimems
on a wide area of

.«

ocean for decades

rather than just’

hours or days.

N, .

ERIC
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participate in .

sea floor and

v

NEPTUNE is creating a network of undersea Iahoratories that will enable

/

unprecedented real-time observatlons and experiments W|th changlng earth-ocean

systems. By laying 3,000 kilometers of fiber-optic/power cable on the sea ﬂoor,

NEPTUNE will convert the Juan dé Fuca tectonic plate and t_he overlylng ocean to a:

. .- - i - '
suite of more than 30 extended natural laboratories spaced about 100 kilometers

\

the earth, is |n an ideal Iocat|on in-the. northeast Paclf' ic Ocean off the coasts of

British Columbla Washington, and Oregon, and it offers a representatlve spectrum

of global earth-ocean processes.

\ i

. _ : . e .
operate 24 hours a day, 7 days a.week, for a quarter century. Plans call for the

- real time via the Internet to land-based Iaboratorles cIassrooms and living rooms

In contrast to traditional modes of expeditionary science,:.NEPTUNE, will™

apart. This tectonic plate, ‘one of a dozen or so plates that make up the surface of _

-project-to"b,_e_‘gin operations in 2005. Data from the'NEPTUNE network will flow in

around the world. Sclentlsts students, dec|S|on makers, and the general publlc will -~

interact with the NEPTUNE network to gain new understanding of earthquakes,

hydrocarbon deposits, and human influences on ocean and climate systems.

This interactive technology offers powerful educational potentiaI and

capab|I|t|es wh|ch include access to a wide var|ety of sensor packages and robotic
vehicles via Internet2, will be slgnlf' cantly more engaging than the pages ofa
textbook. By capitalizing on real-time communication with an entire earth-ocean

system, NEPTUNE could be used to de_velop fundamentally new approaches to

scientific inquiry and human creativity.

For the first time, researchers and shore-based learners of all ages will

Lo~

{

+

. tsunamis, fish stock assessment, marine mammal populations, metal and

\

~

_ |nvest|gate the, dynamlc processes of earth and marine sc|ence NEPTUNE’s

'

: proV|des a'wide range of new opportun|t|es for learners of all ages to eprore and

. participate.in detailed studies and -experiments on a, wide area of the sea floor and

Al

ocean for decades rather than just hours or days. The system will provide real-time
. ! . .

flow of data and imagery via Internet2’s high-speed network to Iand-based research

laboratories, universities, and K-12 school classrooms. It will permit researchers,

. i
teachers, and students to have interactive control over remote robotic vehicles,

\
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Dendritic Cell on a black background by David Hunt . .

'CELL SYSTEM INITIATIVE .

sensors, and data |nstruments The major bandW|dth consumers (Gbs/second) from

these remote instruments W|II be video (standard and high= def n|t|on) and high-. :
v

* frequency acoustics. In'addition in ordér to efficiently manage and utilize the ' g

unprecedented amount of data that will be generated and coIIected by the S ;
. NEPTUNE network a robust data management and archiving system will allow

scientists and educators to access online NEPTUNE data in an efFCIent and

~
N . . -

seamless way. . - N -~

«

NEW [LEARND[N]@ ENVIROWMENTS .

www.csi:washington.edu/

- . K%

The CeII:Syste\m Initiative (CSI) is a formative-stage, interdisciplinary —
researchr and education program belng developed at the University ofWashlngton
CSI's - Iong-term m|55|on is to understand the dynamlc |nformat|on controfsystems
that operate W|th|n all living cells. In fulﬁlllng |ts-m|55|on, CSI will contrlbute over
the years to an increas‘ingly“comprehensive theory of the cell-by creating predictive,

y / .o ‘ o
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o system’s biology effort requires the creation of novel theoretical, experimental, and

pedagogical tools These tools will.evolve as a resuIt of the fusion of expertlse in -

- 4
< blology, mformatlon technology, and micro-scale analytlcal technologies. -

v N
N

The creation of educatlonal tools will be d|rected partlcularly at providing .
easy access to |nforma't|on to peers, mentors, and school cIassrooms that fosters
- collaborative Iearnlng anytime and anywhere utilizing Washington's K-20 Network
and InternetZ Csl plans to leverage the elready extensive digital ahihatidn‘_
- technologies’to cgptu’re {he phenomena of cell derelopment, gllowihg for ’Iinkages
with hypotheses, experimental measurements, and quinti}ative analyses. The . L
resultant venue for accessing and expanding biological knowledge will be made via -

Internet2.

.CSI's‘ educetion mission. is te create a virtual learning environ'mene that
enables learning ‘through sophisticated use of- available and future technologieé.
Specifically, CSI will (a) integrate expanding resources and technblpg; ina
corhprehe‘nsi\re work enVironme_nt, (b)' créate highly intera_c;ive learning tools that
make use of new tec‘hnol'ogies, and (c) link ebstracp 'representationfto the data that

. ~ compfise the body of scientific research. - | : -

A - T N

NEW @@[L[LAI@MTG@NS AN@ CONTENT [R[EIP@S[]T@[RDES

ANIMATION RESEARCH LABS PROGRAM AND A NATIONAL
- DIGITAL ANIMATION LIBRARY L

www.cs.wash|_ngton.edu/research/ap/arl.htm

The m|sS|on of the Animation Research Labs (ARL) program is to advance

state-of-the- art animation through research, teaching, and computer—anlmated

.

productlon It is an |nterd|sap||nary undertaklng of the Unlverslty ofWashlngtons :

Department of Computer Science & Englneerlng and Schools of Art, Music, and

N

Architecture. The ARL is a place where'computer sC|ent|sts animators, artists,
musicians, architects, story writers, and user-interface designers work together to
create new algorithms, systems, and tools for computer animation. They then use

these advances to create innovative and experlmental anlmated productlons

>

|ncIud|ng interactive forms such as Web based anlmatlon games, storytelllng, and \

illustrations-for education. Over Internet2, videoconferences, exchanges of
' s

F mc
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researchers from around the world will, heIp enhance the curriculum for students in

AN

[ 1

In add'it@on; a new digital animation library will serve as a national and
international archive and_educati’o_nal resource of collections and catalogs of videos,
source materials, and digital and animation techniques from all over the world. A ‘
project sponso'red by the Beilevue (Washington) Art Museum is under w—ay to

document the history of the media arts'in the Northwest (a national hub for media

g working groups will-participate in many of these'efforts.. .

-

information, and projects with animation and graphics industry professionals and
the program, assist with research and story development and provide workshop

- national consortium of groups in the_-K-I2 community éngaged in creating and
. . N B [}

opportunltles for K-12, community coIIege and un|vers|ty teachers and students A

1

.+ studying animation is being formed among states. participating in Internet2. These -

arts) over the past four decades. This research and the materials collected during

this process will provide some of the foundational materials for the Digital

Animation Library and the ARL, The Univers‘ityof Washington's Computing &

‘Communications organlzatlon Un|verS|ty Libraries, and Department of Computer

Science and Engineering will coIIaborate to further deveIop thls natlonaI resource.

Access to this vast coIIect|on of resources will be made posslble through

Washlngtons K-20 Network and Internet2
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l NEW FORMS OF ACCESS TO E@@@AT[]@[:\'\L ENS@RDN@
OPPORTUNITIES FOR ALL STUDENTS AND

'@@M[M]QDN[]T[]ES :

~ s . \

1 . o~

' DO-IT: INTERNET2 ACCESS AND TOOLS FOR
INDIVIDUALS WITH DISABILITIES

www.washington.edu/doit

. - o . Y . 1 -3 .-

Since 1992, DO-IT (Disabilities, Opportunities, Internetworking, and Technology)
has.served to increase access to computer and Internet technologies for individuals with
disabilities to support their participation and success in challenging academic programs

and care,efﬁ. DO-IT has not only utilized the capabilities of Washington’s K-20 Network

to reach out to individuals around Washington and nationally; but it has served to make
access to Washington’s high-speed network more accessible to individuals with disabilities

 through the develo’_phent of enabiing.progr.'ams and resoui‘t.:es. The DO-IT program will ‘

work to-ensure that Iriternet2 tools and appliéaﬁqns are fully accessible to individuals
withdisabilities. As educational applications are developed for Internet2, universal design
principles will be appliéd to those appliéations as well ﬁs.usability testing b'y'DO-IZT
participants using a wide variety of adaptwe technologles .To support persons with
dlsabllmes DO-IT will also create programs that'are not possible usung carrent Internet .
appllcat|ons. For example, schools in remote areas will be able to access sign Ianguage
intlerpretgrs via teleconférepcing,to assist deaf Studenfs, enabling them to actively

~ communicate in classroom discussions. With the cape.lbilities. of Internet2, 6ther

'

applications such as voice recognition and vid\eo-based’tréining ‘materials will be explored.

’
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To,gupport persons
with disabilities;
DO-IT will also
create pro'g'rams
that are not
possible using
éun\ent Iqtem'et
appliications.
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districts to- d|rectly access postsecondary education at UW,

CVIRTUAL SR

UW ) VIRTUAL UWIN THE HIGH SCHOOL
. -

IN THE HIGH SCI-(OOL * Virtual UW-in the High School builds capacity in rural

(

and urban high schools to access advanced academic
. -~
resources and to offer University of Washington college-level credit courses to their
students. The program strengthens high school curricula and creates a pipeline program

that _will heIp more students particularly those from rural or educat|onally underserved

I3

For students, the program provides increased\ knowledge in basic content areas

and interaction with UW faculty members. Teachers can expand their own teaching and -

- Iearning through coIIaboration with UW faculty and researchers When taking Virtual

UWin the High:School courses, smdents meet together at least once a week on-site’

with a high school facilitator to ask questions and share their Iearning Using

AWashingtons K-20 Network’s advanced vudeoconferencing capab|I|t|es they also meet -

per|od|caIIy with a UW instructor, their on-site facﬂltator and participatlng students from

partner schools. The UW CatalystTooIkit (described on the next page) also enables

‘frequent online interaction and collaboration with Uw faculty and students at partner

. ) Lo b ey
schools and access to course materials and resources based at the university. Initial

courses have been offered in geological_sciences, ’foreugn languages, college-level -

_composition, and mathematics. One of the great benefits to universities of such

programs is that, in areas such as foreign languages, a virtual college program allows the

university to aggregate enrollments from across a state or region (from high schools’

" and/or community colleges). They. thereby broaden tj\e_curricular offerings ‘to native

.university students, offering courses that typically could not enroll an-adequate number of

on-campus students. Many universities offer 40 or 50 languages. In addition, by adopting

a virtual coIIege approach. more universities can offer curricula representing'some unique
expertise or capacity and share this expertise throughout a broader geographical area. |
~ Though time zones shouId be cons|dered for courses relying on advanced
V|deoconferenc|ng, in theory, geography shouId not be an issue at aII,' given Internet2
technolog’_ies: , ‘
o o o
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~ and applications. The CatalystTooIklt, created to meet the specific teachlng needs of

../’

. N

NEW TOOLS FOR STUDENTS AND TEACHERS

=~ = 1

. - . CATALYSTTOOLKIT - N
catalyst. - : SR
: o www.catalyst.washington.edu/

~ 7 . N i - _
A

L . fo - .
Commercial attempts to create Web-based tools for. educators often I|m|t them -

toa proprletary solution that cannot be customized to fit specnf‘ ic educational contexts

Washlngton educators, was deslgned to mke advantage of the advanced capabllltles of
’
Washlngtons K-20 Network. one of the ﬁrst state networks to partncnpate in Intemet2

Developed at the University of Washlngton the Catalyst TQoIklt is a set of Web-

’ based appllcatlons deslgned to imprdve student learning. Using only aWeb browser,’ K

.' teachers can quickly and easily place complex content on the Web and create online
learning acuvntles to fit specnf‘ ic teaching needs The Catalyst Toolkit helps teachers meet

: 'thelr Ieamlng goals and ob|ect|ves by provndmg a set of appllcatlons that enable students

to communlcate and collaborate online. No programmer or expensive tralnlng is

' needed and extensive online help is available to support teachers, anytlme and anywhere

Stldents can take qU|zzes and surveys participate in d|scuss|ons, submit homework, and

._ review each other’s written work onI|ne using any computer wnth Web access. Teachers

. can easily evaluate online work and gauge student progress Wlth the a|d of Intérnet2
\mlddleware tools, parents too, can become more active parucnpants in school

_ communities, communlcatlng with, teachers and participating more fully in the academlc b
. progress of their ch|Idren Cata]yst was recognlzed by EDUCAUSE for innovation and

N . N R . ;
- .

rece|ved the |naugural Award for Teaching and Learnlng in 2000.

¥ N - - -

SHADOW NETWORKSPACE . |

httpj/sns mternetschools org/

MOREnet, Mis‘souri’s education network, is coIIaborating with the

“University of Missouri-Cqumbia’s CoIIege of Education ona i

project to accelerate the deveIopment of Shadow netWorkspace (SNS) an Internet-

based workspace designed for the processes of Iearnlng-by-dolng and Iearnlng

P . ,
. Fad [ :i .
A ‘. . . : - - . \

N . . B '
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capabilities.” -

NEW CONTENT FOR K-12 AND COLLEGES AN

/
’

communities. In.addition to enabllng tradltlonal frameworks of. onl|ne instruction, SNS

supports student productlon representatlon of knowledge, and sharing and collaboratlon

. among students. SNS is distributed with an open-source l|cense and is avallable free. Schools

can mstall it on thelr own computers and thus own the SNS |mplementat|on Called

Shadow because it follows students. wherever they go,a student’s netWorkspace is

" accessible from any computer that has a cohnection to the Internet. The SNS providés

much of the functlonallty ofa personal PC wrth the added beneﬁt of being accessible from ‘

“any computer anywhere vid the World W|deWeb Key attnbutes of SNS include an online’

ﬁle system, graphics editor and'medla processor, calendar, gradebook and homework nouﬁer,

~and chat and djscussion forums. This application will be made available to support

collaboration among Abilene participants, and it will contihually be enhanced with new °

Y

4 =g 3
lFlLUEl\’lCY Wll'll'H INFORMATION TECHNOLOGY

-

_ FLUENCY WITH lNFORMATlON TECHNOLOGY

WWW.CS. washlngton edu/educatlon/courses/cseI00 s S

4

BU|Id|ng-upon the recommendat|on made in the Natlonal Research Counclls

1999 study, Bemg Fluént with Information Technology, the University ofWashlngton has

created Fluency wrch lnformatlon Technology (FlTness) to help prepare students to thrive

in hlgher education and the workplace. Computer literacy has traditionally meant

prof‘ c|ency with a few computer appllcatlons such as e—mall or word processing. Students

-who are computer literate may be adept at usmg basic, existing appllcatlons but they do
_not have the fundamental understandlng that accommodateS\the rapld changes in

, |nformat|on technology To use computers effectwely over time, students must become

!

l I|felong learners, continually expandlng thelr knowledge and upgradlng their sk|lls FlTness ’

helps students build a fundamental understanding of Information Technology (IT),including -
the ability to synthesize complex information, to express themselves creatively, and to
manipulate IT to achieve their goals. FITness.will soon be piloted and scaled up in

Washlngton K-l2 schools and communlty colleges with course resources and an online

version made avallable overWashlngtons K-20 Network and Internet2.

-
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-~ citizens as well as issues facing the new pre5|dent of the United States. Through : -

- . « . .

- , . ) ‘ In Today's Youth,

. : ‘ - Tombrrows's Voters,
PR i . . - : B f ’ ’ fourth-grade
faY——— S veew i N : . . .
T e — ) ‘. . o students, working
10.;__"::'.... l:wum? ool = ’ : 4 historical
I o g:@ ~ TODAY’SYOUTH, TOMORROW'S - ™ "=ories
(T o o0 e : VOTERS . , _ researchers and
. . . : - : - sociologists,
' e . attempttoidentity
- important social
mmmw TR i - Issues facing
S ' ) ) : - ' American citizens
- Today’s Youth, Tomorrow’s Voters: Digital Discovery, Collaboration and as woll as issues
. P \ M ) \
~ Understanding is a collaborative project between Missouri Education Research & - - facing the new,.
Education Network (MOREnet), Enhancing Missouri’ Instructional Networked Teachlng ~. president of the
United Stat
Strategles (eMINTS),and the University of Missouri-Columbia’s CoIIege of Educatuon " oS-
usmg resources of the Harry S. Truman Pre5|dent|al Library via Prolect Whlstlestop and ’ =
Kansas Clty Publlc Television (KCPT) Todays Youth Tomorrow’s Voters will harness the . N
.-power of Intemet2 and leverage the opportun|t|es ava|IabIe through the Abilene-
_ sponsored Igducauonal Group Part|CIpat|on Program, in partlcular muIt|med|a and :
advanced vndeoconferenclng capabilities. IdeaIIy ‘over time, other preS|dent|aI libraries '
will part|C|pate |n this pro;ect, making ita true nat|onaI resource. 4
) 1 J‘ r - .
R % H,\ . . .
In Todays Youth Tomorrows Voters, fourth-grade students, worklng as h|stor|caI 4 -
 researchers and soc|olog|sts attempt to identify |mportant social issues facing Amerlcan _
A

paruCIpatlon in coIIaboratlve synchronous and asynchronous activities using Shadow

netWorkspace (SNS) students across the natuon will have access to a wealth of onI|ne
P ) o’

historical |nformat|on avallable in rich multimedia formats Access to these resources will-

allow students to galn an understnndlng of hlstorlcal trends and_ to develop hypotheses

-\

and predictions about the future. o .- A .-

-

~ ' [ . ’

~ . -

IN»8 1@ HT[2000 [VOL | | LEADERSHIP 63 -

N

’



~

The mass- ~

F) cwsﬁomuxaﬁﬁon and

security -

D

capabilities of

mySCHOOL, which”

make extensive
use of Internet2-
related middleware,
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~
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more effectively.

Y

P@IRT‘AH,S AN@ “[RiE[LATI]@[N]S[‘fUU[PaWA[RIE” .

m

. MYSCHOOL
g:. www. myuwwashlngton edu/

4

- s

‘Many commerclal at:tempts to create customlzable Web-portals that meet an

|nd|V|duaIs preferences and interests have not met the needs of educators and students

Hence, the University ofWashlngton and several other leading research universities and -

_ Internet2 partlclpants among whom are the authors of many key Internet technologles

have deveIoped eduoatlon portals The Un|ver5|ty ofWashlngtons portal, oalled “myUW
énables the broad use and custom-tailored deI|very of the technologles, resources and
tools needed for UW Iearnlng and teaching spaces.. mySCHOOL is a versnon of myUW
created-specifically for Washington's K-20 communlty. The mySCHOOL eduoatlon-
orientedWeb infmstructure allows students and teachers to have fingé:_rtip access from

school, home, or anywhere they may be to their own personalized workspace with

private information and thepoWerfuI tools they need for specific work. - This enables

. ) i \
them to communicate, interact, share materials, collaborate, teach, learn, or advise much
~ . . N « . . .

'
’

’,

\
4

Over Washington’s K-20 Network, mySCHOOL will extend innovative teaching

and learning resources, sophisticated customizable information, messaging capabilities, and

broadband multimedia content to meet the diverse needs of the K-20 community. K-1 2

teachers will have access to many of the same electronic resources, information-access.

, '- tools, and content en]oyed by UW professors or teachers at some pnvate K-12 schools. -

The mass-customlzatlon and securlty capabllltles of mySCHOOL, whlch make extensive

use of Internet2-related m|ddleware allow. schooIs and teachers to provide pre-

"structured organlzatlon and access to the best, most effectuve, and most reIevant

matenals for each student or group of students. The mySCHOOL approach is one that
can be generallzed and extended to other Internet2 part|c|pants and schooIs %”%
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EXTENDING THE USE OF
COLLABORATIVE VIRTUAL
ENVIRONMENTS FOR
INSTRUCTIONTO K-12
SCHOOLS

Tom Morgan, Ph.D.; Ron Kriz, Ph.D.; Steve Howard, M.A.;
" Fernando das Neves, M.S.; and John Kelso, M.S.

( . ]

Ron Kriz and Tom Morgan bring their respective teams together to share a
- promising approach to extending collaborative virtual environments to the
K-12 learning environment. jaron Lanier, a pioneer in virtual reality, provides

an interesting perspective on learning technologies in the Vision section.

166
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.Y EXTENDING THE USE OF
. COLLABORATIVE VIRTUAL
ENVIRONMENTS
FOR INSTRUCTION TO K12
. SCHOOLS -

< Tom Morgan Ph, D; ‘Ron Kriz, Ph D,; Steve Howard MA Fernando das Neves, M. S;
‘" and john Kelso, M.S.

, B NGRCDUGTICNEN

esearch on the development of virtual environments (VEs)

has been limited to date to universities due to thé high cost of equipment.and high-
l ' speed Internet ac‘cess.. Applications of virtual efivironments using Cave Automatic
< Virtual Environment (CAVE) technology are numerous in medicine, architecture;
mllltary weapons systems, medicine, scientific research and business training.
: However, the cost of this emerglng technology has preyented the exploration of its
| use to enhance learning in the K-12 classroom. V|rg|n|aTechs Unlverslty
Visualization and Anlmatlon Group of the Advanced. Communlcatlons lnformatlon
\ Technology Center successfully developed the CAVE Collaborative Console (CCQ),
- an overlay of the Electronic Vlsuallzatlon Laboratory CAVE simulator and Limbo.
: CCC allows users at remote sntes to interact in real time with each other at their
desktop computers and with users in the Vlrglnla Tech CAVE This article describes
the features of CCC software, what was learned from a. p|lot project using:the .
software to deliver a collaboratlve V|rtual learnlng enwronment to K-12 students in
remote locations across Virginia;and a perspective’ on future development of -

= -

collaboratlve virtual environments for |nstruct|on in K-12 schools

Q
E lC ot "L IN®S 16 HT|2001|VOL I |LEADERSH|P'67

PAruntext provided by enic [N -



. CAVE AUTOMATIC VIRTUAL ENVIRONMENT

\ _ : Rather: than having evolved from video games or flight simullation the CAVE

- has- |ts motlvat|on rooted in 'scientific V|suaI|zat|on The showcase event at

'SIGGRAPH 92 advocated an environment for computational scientists to _

interactively present their research at the conference in.a one-to-many formaton ~.© |
o high-end workstahons attached to large projection screens. Designed as a useful l
tool for scientific visualizations, the CAVE was ‘_developed' as a “virtual reality '. o ' .
theater" to sdpport the-desired environment. “CAVE,” the narne selected for the - |
virtual reallty theater, is both a recurs|ve acronym and a refefence to “the._simile of

- the cave’ found in PIatos Republic, in which the ph|Iosopher explores the |deas of

f \

perceptlon reality, and |IIus|on Plato used the analogy ofa person faclng the back
of a cave aI|ve with shadows that are his or her only basls for ideas of what real

objects are.

The CAVE a multi- erson, room-sized, high- resqut|on, 3 D V|deo and audlo

| | \..'_( . . . ‘ /

. enwroyaeﬁt,ﬁshov?schema} ally in Flgure l. In the current confguratlon

graphics are pear préjected in’stereo onto three walls and the ﬂoor and viewed *

7 Viewer wegng a position sensor and stereo glasses ' . ,
. ‘ . .
ay boundaries, th/ecorrect perspective and stereo projections :

e’updated by d supercompute ; the images move with and

hich creates the exper|ence/o immersion..—~lence, stereo

pro|ect|ons on the walls.and-floor create}D’lmages that-appear to have a

Gt
presence.both |\slde and outside the pfojection.réom continuously, while the-a€tual

walls and floor, surfaces effectively disappear’ To the viewer with stereo glasses, y

|

3>D image space appears.to extend to infinity. For exampIe A tile pattern ca7/be
projecte y the pro|ect|on/ro/ﬁ%r and walls such hat the|viewer sees a

\

cont nuous/ﬂoor extendt eII outside-the boundane/s of the \Dmieaioimo. .

"hree=dimensional objects such astables and-¢hairs would appear to_be présent

both inside and outsyisfpro]ection room. To the viewer, these objects are

“really there”/hmilzt ey try to-touch them or }; yond the boundaries of the

_ rojection room wa_I.ls, which have disappeared-

. ) y :
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projectors, which must operate at 96 Hz (96 stereo frames per second) These

Figure !, Schematlc shows the m/n/ma/ conf guratlon of a CAVE pro;ect:on room and the location of
projectors '

-

SpeCIf cally, the CAVE is a IOxI0x9-foot projection room, made up of thre\e

rear-projection screens for the front, r|ght and left walls,-and the floor where
lrnages are pro;ected through an open ce|I|ng {see F|gure 1. Electrohome Marouere
8500 projectors _throw fuII-coIor workstatlon fields (I280x|024 stereo) at 96 Hz -
onto the screens, giving a 3,840 linear p|er resolution to the surroundlng
comp05|te image. A computer—controlled quadra-phonlc audio. system provides -

realistic surround sound through four speakers Iocated in the upper corners of the

s

: pro|ect|on room.: A viewer’s head and hand are tracked with an <Intersense 1S900

\ t
acoustic-inertial system. Stereographics’ LCD stereo shutter glasses, the large

head-mounted glasses often associated with qepictions of virtual reality, are used to

o ! v . U
- separate the alternate fields going to the eyes. Optical emitters surround the

room and sy_nchronize' the shutter_glasses in all directions. ) s

a
A

Very fast graphlcs are required to generate stereo |mages to four

¢ 7
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Participants  stereo images that are projected ‘onto the walls and ﬂoor are created W|th a Silicon

mmning the CAVE: | Graphics Inc. (SGl) Power’ Onyx computer with 8-R10K CPUs, 1.5 Gbyte memory,
simu'ater see

reinselves o5 8 - and three Infi mte ReaI!ty pipes” with two raster managers per p|pe ‘This hlgh-speed

" ced head ang  Eraphics system is realized in the SGI p|pes and raster managers, not in the speed of

others as avatars, the eight CPUs. The cost of such a system, which can.easily exceed $700 000,

each with a head, 'reqUIres that such a resource be shared In add|t|on educators and. researchers at

torso, and hand— T~

: V|rg|n|a Tech felt it was most important to deveIop the capaC|ty to run the CAVE
not as a red head.

Movement of a appI|cat|ons on less expenswe desktop computers This I|nk to desktop computers

. participant’s head  was satlsﬁed by the creat|on of the CAVE-S|muIator. The requirement of a link from
in the CAYE i the desktop to the CAVE also motivated the creation of shared virtual environments.-
tracked and - _ ) - : . T ) S .-
dis@ﬂayed in the ' - .
c&vé-sﬁmuﬂaﬂov as . ) . . - a
a torso with @

‘moving head.
— Ron at workstation
4 tensor.sv.vt.edu

1 CAVE boundaries
simulated by )
white lines ’

~— This is
3 4 YOUR HEAD
’ : ' in the CAVE p
at
cave.sv.vi.edu

Figure 2. Screen capture of the CAVE-simulator running on a desktop SGI Octane computer. “Ron”
. is shown as an “avatar” working from a computer with an IP-name of “tensorsvvtedu” The white
. lines simulate the boundaries of the CAVE projection room and prov:de a 3-D reference of
participants who are working in a CAVE system. o B
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Fortunately, high-speed graphics are not needed on the desktop comput;ar
to simulate the same 3-D scene-graph seen by a user in the CAVE projection room. -

Hence, a desktop CAVE-simulator was created by the Electronic Visualization

Laboratory (EVL) at the University of lllinois at Chicago that could runona -

B ~

desktop computer. However, fast graphics are.still needed for moving through 3-D
scene-graphs with a large number of polygons. Therefore, SGI (“UNIX”) ‘
workstations provided the hecessary speed for larger 3-D scene-graphs. The
CAVE-simulator shown in Figure 2 simulates the CAVé proj-ectio‘n room boundaries
with white lines, and the user’s head is simulated with a red sphere that ha;s two
black eyes. Both the C;AVE projection room SGI Power bnyx. cqn{puter and the

CAVE-simulator desktop computer run the same executable software..

Because the CAVE éompyter and the desktop computer are ;.executing the:
same: software, it is possible to link these two computers over the network into a
shared collaborative space’using Limbo software also developed at EVL. Uﬁing Limbo,
the shared virtuﬁl environment is enhanced by traﬁsforming what was just a
participant’s head (displayed as a red head icon) into a full-bodied “avamrA" An avatar is
the graphic representation of a participant and is familiar to many game players! Figure '
2 includes an avatar called “Ron.” Participants running tHe CAVE-simulator see
themselves; as a red head and others as avatars, each with a head, torso, and-hand—not
as a red head.- Movement of a participant’s head in th~e CAVE is tracked and displayed
in the CAVE-simulator as a torso with a moving head. Movement of a participant’é |
hand is also tracked in the CAVE and displayed in the CAVE-simuIatof' as a torso with
a moving arm. Each participant attaches a headset with an earphone aﬁd microphone
so that participants. can see and hear ea.ch other in the shared virtual space. Standing
in the fully immersive environment of a CAVE, the CAVE user will actually experienéé
the other participént’s avatar standing next to him or her and carry on a conversation
while pointing at and looking at objects in this shared space. To the user at the
desktop computer running the CAVE-simuIator,.the CAVE'user is seen moving through

. this shared space as a walking and talking avatar.

7’
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The éoc does not

. require the use of

* -an expensive
CAVE pmieotion
room system.

" Participants can
collaborate using
only desktop
computers running
the CAVE-

g simulator and a

Iow-ban\dwidth

network.

‘ awareness " by |ncIud|ng partncnpant lists,
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CAVE COLLABORATIVE CONSOLES NETW@R[}(E@ SHARED
VIRTUAL @NWR@NMENT -

While coIIeges and universities have developed appI|cat|ons for new

enV|ronments that utilize the CAVE simulator, the entry -level price tag is prohibitive

; for most public schools: Widespread use\of these powerful' virtual environments in
' primary and secondary education requires a less expensive utility. Educators and -

' researchers at Virginia Tech provided that utlllty with the deveIopment of the CAVE

CoIIaboratlve Conisole (CCC) The CCE is a software appllcatlon that enhances
coIIaboratlon by networklng desktop computers into a shared vnrtual environment
running a CAVE simulator. This collaboratlon can include, but is not limited to, the -

E

fully immersive virtual environment of a.CAVE. = ~

The CCC does not require ‘the use of an expensnve CAVE prolectlon room

: system Partlclpants can coIIaborate usnng onIy desktop computers runnlng the

CAVE-snmuIator and a low-bandwidth network If participants set up a conference .
phone call using speaker phones, it is possub|e to use a modem to trackthe
participants’ heads and hands Hence CCC does not depend on hlgh speed .
networks or connect|on to an expensive CAVE running high-speed graphics. The

CCC can be used for desktop-to-desktop coIIaboration without a CAVE.

C~ v

The CAVE Collaborative Console (CCC) was fi rst created by Kevnn Curry

and Kent Swartz to enhance the existing lebo software wnth ‘collaborative- * -

"

two-dnmensnonal (Z;D)radars’,”land ’
three dlmenS|onaI (3 D). radars for each participant in the shared space'2 This

effort started as.a project in a class on computer-supported cooperatlve work and :

' contlnued W|th fundlng by the Natlonal Science Foundatlon (NSF) Partnershlp in.-

_ Advanced Computatlonal Infrastructure (PACI) project.- Early deveIopment of

coIIaboratlve awareness in CCC .was the basis of Kevin Currys MastersThesns } As

“an NSF PACI. partner W|th the UnlverS|ty of III|n0|s Virginia Techs CAVE facility was

used’ to deveIop the CCCasa collaborative tooI for both the CAVE and the

desktop CAVE-simulator as part of the NSF-PACI Team C on EnabllngTechnoIogy:

Data & Collaboration.” The CGC was further developed by Fernando das Neves,

John Kelso, and Ron Kriz at Virginia Tech as a generic collaborative workspace for

Y
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/ research coIIaboratlon and educational distance Iearnlng CCC was comblned with  While anbo ’
- 4

Atomview into CCC_atom to enhance research collaboration. In"CCC atom, multlple _ | provided a shared

space where
“users could view, |nterpret, and analyze physncs-based snmulatlon models of -atomnc»
: : i o participants could

- L . \/" . .ot
structures.’ The remainder of this article will describe how the CCC was used for

T ) - [y

view each &ther

‘edu‘cation and di;cance Iearning. . _ ., asavatars, there
' ’ | * " was no provision
OVERVIEW OF CCECs FEAT@IRES @EVE[L@PE@ F@[R : to allow each
, E@@@ATU@NA[L @USTAN@E [LEAIRN[]N@\ : / o ' participant to be

- . ) . ) . . - o ‘aware of-others’
4 With funding from the In,stitute for. Connectlng SC|ence Research to the L -
- . . : ‘ . positions when

.~ -Classroom and an equipment érant from Silicon Graphics ‘Inc , the CCC was  their avatars were
developed for an educatlonal prolect in coIIaboratlon with the Central Vlrglnla no longer in the -
Governors School and CentraI Shenandoah VaIIey Regional Governor’s School field of view.

- o
The CCC was developed on top of EVL’s lebo software. While lebo y /
provided a ‘shared- space where part|C|pant:s could view each'other as avatars, there A
R was no provnsnon to allow each partncnpant to be aware of others’ positions when
the|r avatars were no longer in the feld of view. Also, lebo did not have any

capabilities to coordinate actions among participating avatars. - IR - ,

l/ john23.1 | ! |

Q

LRI
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BN o [N B .
© The color of each The need to know,one’s position in the world relative to others becane
-blip is the same ) " :
: P evident after a collaborative session at Supercomputlng‘ 98, where researchers at _ N
as the color of the - ’

: . . different sites met in a shared vnrtual space. Due to the extension of that space
participant’s name -

in the participant  often an mcommg part|C|pant couldnt see avatars either because avatars were .

list. The position  beyond the horizon or occluded by waIIs and constructions. As a result of this  ~
_ of the avatar '

) experience and a'Iack of other tools, participants had to rely on verbal
representations in .
the radar is communlcatlon to discover common landmarks and descrlbe _their relative posmon -

_ continuously . O’ each other. Needless to say, this procedure was tlme consumlng and frustrating.

updated as | e g )
o CCC adds three tools to support awareness: “the partlapant list, the 3 D
avatars move

N
around the shaved- radar, and the 2.D radar shown-in Figure 3. : :

" virtual - ) o o :
environment in  The partlc!p_ant list displays names of the’ participants that are present !n the
© any direction. virtual world, plus the distance to each avatar from one’s current position.,

' . ) I : s
] .Every participant’s name is a different color with the same color used in the
. . 1 . . ] . -

radars to represent that user. : . ‘ ' o R

The 3/D ra?r is an egocentric representatlon of the avatars in a shared
¢
| h

virtual environmeny‘where each part|C|p_ant is at the center of histher radar,

).

ahd each blip represents 4 different-participant in the shared virtual

e L

environment. The-color of each blip‘is the’§ame as the color of »the

< ' . R }
/ part|C|pant/sna4e in th/epart|C|pant I|st’Th;pos|t|on of the avatar
) : . _‘Npresentatlons in thé radar is contlnuously updated as- amve

o // T around the shared-virtual environmént in any direction.

N
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| CCC Startup Window o e iC
R e S ‘- o
Swant to work: & ajone J 7 & 1oadinto Wortd..  cariel
Stop Foltowing Hcfmy.'lmm Word... Ctrl
<> collaborating In world named: .= fCa A | copw i W
. shump next to... Ctrtes || podets are Sotia Crrivh|
Connecting to: <» no one, | will be the server . Jump to Wortd Center  Ctrf+0 Santa Maria
Ocompuernsmes| ||| shareviewsr. oo ]
T Bemml myownView ChhrO || 7 -
Running on: O deskiop <5 CAVE 9y own i 2 Stop CtrisS
. e o e P EdlfmmCCC b Qontine CtrfrC
Remove other people if they don move for \E minues { dzDMar Ciri+2 Pausg. C,,f,[:
P hedar Ui |
— (3 3D Radar Crri3 Beoold oy r
MStenthe CCC B P T Coter Becorde
—_ | F List '+ Aw,f,mss
Ay \ -

N

’

CCC capabllltles evoIved beyond the awareness tools to support avatar

ot . /. o

+ Figure 4.CCC GUI:,StarT.up, menu: Participants, Models, Awareness, and Recorder

coordlnatlon Part|C|pant.s can now share arange of experlences

’

jump to ancther paruapant, soa group wn'h a common acuvuty can qu:ckly

A

gather around the aCtIVlt)’ organlzer '

. Ted\er'to-anodler partjcipant, so a more 'knowledgeable pardcipant can lead a

tour through the shared virtual environment and show the most prominent

. . -
~ ~

Iandmarks While a paruapant is tethered to a leader, he or she W|II follow the -

leader wherever that Ieader goes aIthough the pamcnpant is free to detach at any

point or to look around while being led on a tour.

N

for this capability while testing a distributed class, where the teacher was

descrfbiné a feature in a simall space; it-was difficult for many avatars to gather

. around the teacher without interferi\n'g with each other. Inste_ad; we,ailow. all of

| the students to virtually seée through the teacher’s eyes. When a\student requests
to see through the teacher's eyes, he or she sees, at the eye Ie\/eI, whatev\er'the,
- teacher is looking.at. He or she cannot - walk or grab ob|ects in th|s mode to
av0|d conflicts, although a parUCIpant can look around from the position of the
head of the parUCIpant he is connected to. Al partmpants who are now seelng

* through another Barucnpants eyes remain in the place they were before the
'participant started to share a view, until the part.icibant returnsto his or her

. . . : S~ L. e .. -
original avatar. A sign on the participant’s avatar indicates that the participant is

?

~

‘not currently available for interaction.

‘ . See/through another participant’s eyes (“shared view”). We discovered the need

&he paﬂicﬁpam.

s

Al paricipants who

are now seeing

- through another

participant’s eyes’
remain in the place
Qhey'—werre before

started to share'a

view, until the

" participant retums

to his or her original

avatar
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The project was a
joint venture

Advanced -

’ coﬁmmicétims

Information

Fechnology Center,

the Virginia Tech

. N
Institute for -
" Connecting Science -

Research to the
-t CIassroom, the
Virginia Governor's

Schools, and Silicon

" Graphics Inc.

are available via voice and menu, are coherent in naming and Fesults.

" standard monitors. N

v

Although the CCC has yet to be forr.nally tested, it Had an iterative development

cycle in which software developers inVok'ed the principles of user-centered design. New
features were evaluated by two groups: archltects and teachers from the two Vlrglnla

I
Govemors Schools. The Iatter were particularly |nvoIved in the desngn, since the CCC

. was d|str|buted\to a chemistry class of high school students. In the CAVE,i input is

performed by using"the wand and v&ice commands; however, both groups expressed the'
need to be abIeto collaborate with the CAVE using desktop computers. We designed the

CCC to allow input from the mouse, keyboard, and a floating menu bar.. All options, which

RN

’ Altﬁdugh time did not permit a formal usability evaluation, it was observed that

2 . .' . ! y | '
. very litle training was required to teach-the teachers from the Governor’s Schools how.

/

to use the CCC CAVE-simulator from a computer keyboard. DeveIopment of the CCC

. also benefited from the fact that users in the CAVE or desktop computers cn work with

two separate input modes: either pull-down menus or voice-activated c_ommands.
. : ' . I

Because these two separate input modes work coherently, training participants to move

" from the CAV_E to the desktop CAVE-simu!ator-was made easier. As a result, we have a

community. of CCC users with a range of preferences and settings that work in different
_environments, including full immersion of a-CAVE, stereo displays projected on walls,and

P )

-

\

 DEVELOPING ECC FOR K-12 BISTANCE LEARNING PROJECT |

WITH VIRGINIA @@VERN.R’S S@[H]@@@ h

A commitment of the UnlverS|tyV|suaI|zat|on and An|mat|on Group is to explore

how collaborative vnrtuaI environments can be used to- soIve probIems assocnated with
N

d|stance Iearnlng, outreach and research across the state of Vlrglnla This commitment led

to a p|Iot prolect to demonstrate that users at theVnrglnlaTech CAVE couId' deI|ver a
co|Iaborat|ve virtual Iearnlng environment to K- 12 students in rémote locations across
Virginia. The prolect was a |omt venture between the Advanced Communlcatlons

\
Information Technology Center, theV|rg|n|aTech Inst|tute for Connecting Science- Research

to the Classroom, theVnrglnla Governor’s Schools, and Silicon Graphics Inc. The prolect :

had four objectives:. v ’ ‘-

.

. . - . . Lt
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I. to connect secondary students at two remote locations via the Internet to the

Virginia Tech CAVE

2. to provide secondary students the opportunity to learn about and experience

virtual environments

3. to allow secondary students to collaborate actively with professors who are using

the CAVE for their research

4. to create and deliver a content-specific lesson to secondary students using a
virtual environment that allows the students at remote sites to collaborate

actively with each other as they investigate the subject matter

The project succeeded by connecting students at two remote locations in Virginia
and researchers at the Virginia Tech CAVE via a collaborative virtual environment. The
'
path to success was certainly more challenging than expected! However, information

gleaned from the endeavor will be useful in extending collaborative virtual environments

in the futuret/ftFe\Z 12 edum@ munity. A summary of obstacles encountered and

m{]

ﬂﬁ two schools connected to thé Virginia Tech CAVE w‘:ere/eemma - \
L\Govemors Sehool for Scienceland Technology (CY@GS) in Lynchbdrg,Virginia, and the
Central Shenandoah Valley Reglonal Governot’s School f@ence and Technology i

||Ie ,Virginia.\Co nectlvn:y a larger obsfacle than expected. The CCC did not

work \g through Xy selé which man/y sch@m@ as/ a/ -level firewall

%@dé limited ro;ect|4 ye@ nd to moniyfée. C;pezng the poZ -
\:nﬂne proXy servef deSngnated for use by the CCC to gorimunicate dls ot work.

ventu/alm traffic was routed arounéwe p oxérver. Under this %gem%/

CCC was used to (;onnect the two scho k/thtthe CAVE athrglnla Tech.

Two recommendatlons were derived from this experle::yFrs work must be -
oxy

completed to allow the CCC to operat |n n rks using servers. Secdnd d,
orl wd&he

for this to happen, a programmer wnth extenswe networ| pertu € must 7
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Because it is a tool : :CCC programmers. The level of expertise'available in the field is not sufficient to deal with

-, inthe formative . . problems encountered. Although the T lines available at each school prov?ded enough
stagesof . o ‘ ' . ' ) . e
LT . bandwidth to utilize the CCC technology, the network configuration prohibited its use.
deve_lopment, much. : - L / ! .
.of the actual work -

s o _ In order to attempt a collaborative CCC session, a conference call had to be set up
done during the . S o ‘ ~ b
. ’ since the verbal communication is handled via a normal phone connection. Conference calls
.project amounted
" to “alpha” testing of were always |n|uated from CVGS, which tied up the schools two phone lines for as long as
the software. the session lasted, Extenslve use of the CCC dictates that the sites have at Ieast two phone -
,Ilnes that can be dedlcated to the CCC for the dur'at|on of the sesslons Speaker phones did

- . hot work well in the high school classroom, and talklng on a handset meant only one person

/
could communicate at a t|me No easy solution was apparent for this problem.

-

5 To PROVIDE K2 STUDENTS THE OPRORTUNITY T6 LEARN
T ) @\@@T AD{]@-EXP{ERDEN@E VIRTUAL ENVIRONMENTS

" The CCC prqved to be a tool that_ has the peteneial of e‘xeending ‘the collaborative ‘.

_ virtual environment found in the Virginia Jéch (\:AVE to K-12 schools and other remqte sites

3 . " ata very low cost. (B_ecause it is a tool in the formative stages df development, much of the )

actual work done ddring the projec't aménnted to “alpha” testlng of the software Th|s led to

many improvements that CCC programmers |mplemented

’

. fixing numerous bugs fhat caused the \CCC to crash when it was executing on SGI-”

_ ©2 desktop computers at remote sites -
- . .. . , P
~ 0~ . . |

s
approprlate Iocatlons and then actua]ly compiling the CCC -

*-2 b|nary version that can be downloaded which avoids having to Iocate ﬁles in the

T oa dialog box with a list of loaded models 4
-+ the capability of “shared view” - ' , R L
- . ) . / ’

« the eapability to jump to the middle of the virtual.environment if a user gets lost

-+ the capability to return models to their original orientatién after moving them'
L . / ;- : "
around

-

+. _ the capability to choosé whether or not models are solid or allowed to pass

thr‘oﬁgh one anedjer . . -

NN
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'With each-revision of the~ CCC software, a series of bugs was detected and
co\rrecte'd when the version was utilizec'] on the remote SGI-O2s. Although this type of
* work was not envisioned in the proposal, the team feels that a lot was accomplishea .from
utilizing a user-centered design approach. The CCC is much more stable when it is used.

in remote locations than it was initially.

It took a great deal of time for the high scho;‘)I» studenté who participated in the

~ project to become familiar with using the controls to “fly around” the virtual CAVE. The
controls were awkward and difficult to master, particularly given the time constraints of
K-12 classrooms. Revision of the controls to make them more user friendly is needed,
but this level of programming was beyond the financial s:Jpport provided by the grant.
‘Another feature needed is the capability to load and remove muitiple models at one time
* while retaining the capability to move them around individually in the virtual environment.
Loading and removipg mulﬁple individual models during a lesson was a time-consuming

task that often prevented completion of a lesson in the K-12 environment.

t

Bo T AN (02 STURENTS TR GEUAERERVATE A SuTVENT
WITR FREASSCEORS WHE© USINGATREICAVE THEIR
RESEARCH : ‘

The:CCC provided the capabiijty for K-12 students to collaborate actively with |
researchers in the VT CAVE. lItis also.,apparent that the CCC can provide the means for

students at remote sites to collaborate with each other on projects.

P RNOICREATE DEIVER A CONTENEEREEIHR UESEN
T© (=02 STURENTS USING A VIRAL ENNVIRCRNMENY Uiy
MNEWYS TTHE STURENUS AL REMCUTE SutES W) SRRV S
ACUTTIVERY WITD BACSR) CUlhER AS TR INNVESUIEAUTES ullE
SUBJEGIRMANGTLERY )

Four lesson | plans related to molecular Maum of organic chemistry molecules
were developed. The team’s experience suggests that development of programs for use in
the CAVE and CCC is currently beyond the time constraints and expertise levels of K-12
teachers. The molecules utilized in the lesson were generated via the VRML File Creator

for Chemical Structures.® To use these chemical structures in the lesson, the following

steps had to be accomplished.
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% The pocketHC

could be used to _

point to varicus

objects in the

shared virtual

" upload and

download detailed

;/ . associated with

A

'
i L . s T ~

¢ Since the CAVE only supports “VRML{ version |” type files, all molecules used in the
lessons, which began as “VRML version 2" models, had 'to be converted o .
Performer Binary files (.pbf). Theconversion process was 'done by,.importing.these
files into a 3-D CAD software package and then exportlng the files as .pbf. Th|s
_ software was too expensive for the Governors Schools to purchase just to convert

files. Therefore, all conversions had to be done byVT staff or students.

¢ Since the lessons involved positioning the molecules in specific places in the CAVE,
the original model’s coordinates had to be translated using Pftransform. This special
\ . . .
- software was not available to the Governor’s Schools, except at significant cost.

'Therefore, all translations had to be done by VT staff or studen_ts.
’ / - ) ‘
i The team was successful in deveIoplng the lessons. However, it was apparent that

development of a more complex CAVE program wouId require full-time programmers It
also was evident that to utilize the CCC at a remote site, a staff member must have a basnc

knowledge of UNIX admlnlstrauon . IR -
F@T@RE @EVEE@E@MENT ©F CCECs @@@=@U@ERSUFUE@ :

VlrgmlaTechs virtual environment software deveIopment team has been funded to-

deveIop coIIaborauve virtual envuronments with an emphasis on shared design environments
]

" by the Office of Naval Research (ONR).

’ Developing shared virtual environments to include a design eAvironment philosophy
. ' . \ - ' .

required creating a new “shared-memory” architect\ure that would include networked virtual

- environment devices. For example, a force feedback device allows participants to manipulate
- . L . .

objects in shared virtual environments with their hands. These objects can be 3-D

‘molecular structures, where users at the desktop or in a CAVE can feel six degrees-of;.

freedom (6'-.DOF) (3-forces and 3-movements) associated with docking a 3-D-drug onto a .
3-D+ proteln Another useful networked virtual envnronment dewce is a handheld pocket-PC
attached to a 6-DOF tracking device, which couId operate in elther the CAVE or CAVE-
simulator. The pocket-PC could be used to pomt to various obleers in the shared' wrtual_
environment where participants could upload anddownload detailed information associated
with‘ these objee_rs. 'Such a device would extend the coIIaborar.ion after a;hared virtual

environment session: The pocket-PC could be detached.fr‘om the 6-DOF device and the

information could be downloaded and pos_t-prgcess‘ed on other computers. Other devices
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used in virtual environments have been 6-DOF motion platforms, remote-site real-time

* physics-based simulations, atomic force microscopes, etc.

This idea of including network virtual environment devices into a shared virtuil
environmenf collaboration required a philosophical redesign of the uhderlying softwa_re'
Application Programming Interface (API) used in the CAVE and CAVE-simulator. AtVirginia
Tech, the virtual environment software development team created Device Independent ‘
Virtual Environment: Reconfigurable, Scalable, and Extensible (DIVERSE).” To foster future
development as well as virtual environment research .coIIabora\tions' and educational virtual
environment distance learning coIIaborations, the DIVERSE API_was licensed GI;JU-GeneraI
¢ : Public License (GNU-GPL). GNU-GPL follows the same development philosophy 4of .
GNU/Linux, where over time, significant software tools can evolve “freely.” DIVERSE 1.0 was
released in January 2001 and runs on Linux and SGH-rix operating systems. Future -
development of DIVERSE with an OpenGL interface will allow participants to collaborate on
MS-Windows, Mac OS10, Sun Solaris,and HP-UX operating systems. With DIVERSE being
free, available, accessible, and running on a variety of operating systems, future development
of CCC with the DIVERSE AP will resolve many of the issues previously noted from this
project, including reducing. cost, reducing the complexity for user-dew.{elopmenr, and allowing
the CCC to operate on cqmvputers other than SGI. l | .
VERTUAL EMVIRGNMENT APPLICATIONS IR EDUCATION

DISTANCE LEARNING: ©OBSERVATIONS FUTURE

The development of collaborative virtual environments for use in K-12 instruction

is in its infancy. The broject team believes it is an area that holds pedagogical promise in two .
. main areas: applications ailowing students at remote sites to share in the development of

collaborative environments and content-specific applications providing students with.a

context for Ieaming.‘ In both types of applications, the virtual environment should be

designed to support student learning from a cognitive perspective. The environment should

help students relate what they alreeidy know to new concepts and actively involve students

in the learning process. In other words, the virtual environments need to be designed to

assist students in assimilaﬁng new iﬁfonnatiqn"into their cognitive schemas. In the first case,

the team envisions a virtual “toolkit” that allows students in geographically remote schools

to collaborate on creating a virtual environment. Could students create virtual robots
. \ . .
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“The program would

allow s@twd}ems fto

experience the »

effect of the

- Phenemenon

hknown as Lerenz

" Contractions in a

 virtual environment.

Given that contet,

more students

/ might understand

the cenceptual and )

mathematical

tenamts of véﬂaﬂivﬁ@.

Q

ERIC

Aruitoxt provided by Eic:

-

. computer}workstations, and the Institute for Connecting Science and Research to the

| S ‘ S N
désigned to perform spei:iﬁctasks in a virtual environment much like they might use Lego

Logo kits to buiId a model robot in their.classroom? This type of application will provide

' students with the Opportunity to use the emerglng virtual enwronment technologles as they

are used in the professnonal world: to coIIaborate with coIIeagues to solve problems, and to

create innovative desngns in-a cost-efficient manner: In the second case, virtual environments

can prowde smdents wnth a context for learning that affords rhem the opportunlty to -

connect what rhey are Iearnlng with what they know. oo T .

Development of contextual environments should focus on topics that are beyond

- the réalm of the student’s daily experience. For example, what if a virtual environment were

A

created aIIowmg students to pilot a spaceshlp rhey could accelerate in real time toward rhe

‘speed of Ilght’ The program would allow students to experience the’ effect of the 5 ’

-

"phenomenon known as Lorenz Contracuons ina wrtual}‘enwronment. Given that context,

" more students mlght understand the conceptual and marhqmatlcal tenants of relativity.

Another example might be a virtual environment that aIIows students to investigate weather
. R - : »
phenomena, such \as_how thunderstorms form.

Based on our collective experiences and Iessons learned ﬁ'om this prolect, the ' . ..
original CCC software development team atV|rg|n|aTech with the Governor’s School
project participants are explon‘ng opportunities for future funding to rebuild CCC using the

DIVERSE API. This project has been “a road less traveled,” but it was rewarding.
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FACETO FACES ,
AN INTERVIEW WITH MARY

BAKER AND NANCY BARBA

Mary Baker is Manager of Emerging Technology, Broward County
Public Schools, Florida.
Nancy Barba is Director, Program Development and Alignment, Broward County

Public Schools, Florida.

Jeanne Moreno,Vice President and Chief Information Officer at Citrix Systems, Inc.,
was asked these same questions during her interview. Her responses appear in the

Vision section.
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Mary Baker isfManogerof Emerging Technology, Broward County Public Schiools, Florida.

hlhncy Barba is Director, Program Development and Alignment; Broward. County Public

'Schools,-Florida, . ~ - LT / o

not as qu:ckly as some would hke In your oplnlon what barners lmpede w:despread use

of w:reIess technolog:es in schools7 ‘
) ‘ : ,

MB: | guess there are two.variations of wireIess One entails going right to
the desktop, while the other extends appllcatlons to handheId technology | think a

barr|er in.education is the lack of testlng for the effectlveness of handheld devices

W|th stucfents (e.g., how robust they can be the impact of screen size, and the ways

A

in which students with disabilities are affected) Another issue is money The schooI

v
T

\systems have put all of theirfi nanc|aI resources into desktops that are connected to
;he WAN' or the LAN. it's a matter oftgettlng people to think dlfferently Thats : -

where we are. It isn’t talked about a great deal in educat|on because vendors are
still pushlng the"desktop models. - - I
‘ p ) ) -

Db : That’s interesting. | know ‘some.\,students' have cell phones, probably at thei_r’desks,'-

:._(They are dlready wireless. - - - T _ . |

- . ! N i Sooo.
. \ °
N .
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MB Wlthout a doubt Then-there’s the perceptlon by some groups that |

~

wireless is harmfuI to the body You know that splinter group is out there.

-

£~

—

. \ - ) ; . o : - :
»: Have the security concerns surrounding wireless devices' been an issue in your district?

MB:Yes, they have been an issue. Actually they are Iooking into equipping .

‘ each schooI security ocher with a handheld device:. This wouId aIIow the officer to *
|dent|fy students by picture and to access students schedules to know.where they | .
'shouId or shouldn’t be. [ think administrative use of handheld technology i is -

: _‘-probably well accepted and doesn’t_-Have the |mpI|cat|ons of putting it in the hands

of the ch|Idren We are currently eprorlng adm|n|strat|\(e uses.

‘ T -
I - ’ .
- NB:Weare aIso‘ using handheId technology in our pilot to benchmark
\ ) c - \ ~ . . <
\ o ) _ o ‘ .
[ . - assessment. Teachers can administer a mini-assessment on the concept they are

teaching and find out immediately what students know and don’t know. The LT
teacher can adjust the teaching and learning process accordilng to the results:
n ' ’ < ,\ /
\. N

-~

L . .
‘PP The Iong-predicted demise of tradmonal@oks has not occurred Why do you think

~

A ' A _ thiss 50, and do’you think/it wbe the case-10 years from now?

: NB' In FIorida, we“adopt books every fouf, five, or six years depending on ‘

e ) |

the-subject. | think they are moying to a.six-year cycle for all books. The state

—

: - - . providﬂoney to the d|sti?wh/4new book is up for adoption. Thus, in this

2002 school\year schoo I shouId not be usmg any pr|mary textbooks oIder/than

\
\

handheld"devices. One issue is the/availability/of the technology. There are-not

many electronic books'availablé tﬁs/tiéfor grades 6 through I2m
issue is the cost. The'textbook/pﬁﬁishe\rs do not“appéar to have worked out a

pricing_plan-yet. Publishers may get $3 of $4 per textbook for the \:vriting of the
book. The printing ihdustry_getS/its shareThe distribution’industry, alsbg/etz its
7 share. That will be a chal,lenge, because electronic delivery eliminates a whole
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segment of workers the same way the automatic teller did with banks. Another
issue in Florida is a contract between the publishers and the state that presents a

problem for adopting electronic textbooks right now.

On the flip side, there is the issue of students carrying a heavy backpack
filled with large, heavy books. An electronic textbook would allow students to
- \
access all their texts from one small, manageable device. There are definite .

advantages and some disadvantages.

P : The recent court case involving Napster has raised the public’s awareness of
intellectual property rights and safeguards for materials in electronic form. What is the

impact of intellectual property issues on innovation in teaching and learning?

.NB: Currenﬂy, technology ethics courses for teacher education students or .
in-service teachers are not required. There are no technology ethics courses for
students either. Although technology allows us to do so many things now, we have

not stopped 'to conduct a discourse on what we should and should not be doing or

.

why we should or should not be doing it.

That even goes for copyright. There’s a section in our policies that talks
about copyright for teachers. | don’t think ouf teachers hesitate at all to use P
something that'’s copyright protected if they believe it benefits their students.
Barbara Correll (Director of Learning Resources) has done a very, good ‘job of
educating principals and teachers, specifying what they can and can’t do. She’s out
there explaining intellectual property rights, but | don’t think people are paying
attention to it. They think about what's going to help the students. They think, “If

this is what | need, then I'm going to use it

M : When people first started talking about thé digital divide, they referred primarily to
the disparity in Internet access between the wealthy and the poor. But people are now
talking about other divides among technology users, such as gender and geography. How

do schools address this issue?
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~ subject area. Then the d|str|cts adopt|on committees seIect two or- three that

. could be chosen for the dlstrlct. Those state and district,adoption committees )
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NB:We have around 250,000 students, approximately 39,,0'0’0 employees, ~ *

L . . o . . . ;o v,
: and' about 15,000 teachers. We are-a Iarge urban district. Klorida uses county

d|str|cts (not cn:y schoo| d|str|cts) so some districts are huge. -Some 28 cities are

: |ncIuded as weII as |ncorporated areas. Our moblllty rate is 4I _percent. Probably -

[

" 35to 40 percent of our students qualify for free and reduced -price lunch. There

Carealot of“haves and“‘have-nots here. . . . .~ o -

-

' MB:AIl students have access to computers in schooI We have prowded
access to computers in communlty centers, libraries, and churches But that’s .

access. That is not the same as having a. computer in the home where a child can

) I -

use it any time he or she wants This is the d|screpancy between “haves” and “have- :

_nots” Home access is an issue for us, but we hope handheId technology might heIp

~
/ . v

W|th that. ‘ W AT L N

In the ‘school district itself; equit)) is a priority. We have a policy anda - =

technology plan that establish minimum basellne technology in all schooIs We have
\

. access in all permanent classrooms. We have computers in all cIassrooms I am not

.aware “of any programs that address take home technology for use outside of cIass

' . . S .l . TN -

NB: | want to touch on the other issue reIative to geography and gender.',

" The state adopts a number of books, potentlally e|ght or nine textbooks in each

T

v

ensure that the chosen textbooks are not biased against a particular gender or
Y -

culture. | don’ 't think we! 've done that with software yet: We have not reaIIy Iooked

\

critically at software I|ke we Iook at textbooks. | th|nk that i is somethlng thats - -
) e

’

missing. e S o

/

-

" P : There seems to be a w:despread assumptlon that every ch:Id should have access to a’

computing device and be able to operate it. In’ your v:ew how :mportant is w:despread ‘

. access and usage among school-age ch:ldren7 How realistic is it? S

N

" NB:It’s vital. It is absquter vital for those students that are n|nth }grade

.

_and above It's like havnng a pencil or pen. As students go into the worId of work,

\

which is technology driven, they need to be able to-use technology. | think it’s

~ ‘., ) \

~
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extremely important for s‘tudentg in grades 6 through 8 and very important for’
students in preschool through grade 5. Young children learn technology quickly.
M :in your opiniorr, how realistic is the notion that students will ultimately have personal

access to some kind of computing device—handheld or other?

NB: | think we are very close. Forget the schools for a minute, because the
schools can.only do as much as the available bond i'§s'ues. and dollars allow. | believe
the schools will struggle and will always be years Ioehind industry for many reasons.
The biggest reason is money. But within a couple of years, | foresee the
communications industry (telephone or cable) providing Internet access with
handheld keyboards. That could potentially provide immediate Internet access to

every home.

N

M) : Is there anything else you would like to add?

MB:| have a question or two for the staff at IAETE. | want to know what
happened to virtual reality? It was on the forefront four or five years ago and then

disappeared. Whata wonderful educational tool.

. NB:We talk a great deal about students and technology for students. Of
course, the teachers must be involved. The universities have moved heavily to
online tralnlng for students and faculty, but we really haven’t seen much of that for
K-12 teachers. Broward County can'’t be the only district having tremendous
problems finding teachers, keeping them in the classroom, and finding substitutes so
that we can train our teachers duri‘ng their workday. Alternative training

. methods—online training or electronic training—are fr"uly Iecking for teachers. I'm
talking about content. You can find training about the brain, but th'ere’s no content
or strategy training available electronically yet. Keep that in the back of your minds

at |IAETE, because it is sorely needed.

5.[;)
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 How soon will you be able to see over the phome? < .~
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It may be sooner than you think. For the remarkable new
Hughes ToNoTRON-—now used for high-fidelity transmis-
sion of maps and other navigational pictures to ships and

" aircraft—will make possible “face-to-face” telephone calls

to and from your office or home. .

- The ToNOTRON is only one example of Hughes Products
leadership in research and development of: electron tubes
and related advances in electronics, such as transistors and
diodes. It is with products like these that science will bring

- about the dynamic electronics era—in which you will have

on-the-wall television, clectronic control of factory pro-
duction, and countless other marvels, ’

[N -

HUGHES TONOTRONg

RELY ON HUGHES FOR SEMICONDUCTORS
. «..ELECTRON TUBES...INDUSTRIAL
' SYSTEMS AND CONTROLS.

©1956, H.A.C.

As one of the country’s largest electronics research and
- manufacturing firms, Hughes Products backs'its semicon-
ductors, cathode ray tubes, and industrial systems and con-
trols with a long record of technical accomplishments. -
These include the ““thinking” FALCON air-to-air-missile, and
the self-directing Hughes Automatic Armament Control
which is standard equipment on all Air Force interceptors.*
Undoubtedly there'is a’time- and money-saving appli-
cation of Hughes electronic products to your own business. .
A Hughes Products sales engineer will welcome the oppor-
tunity, to work with your staff. Please write: Hiighes
Products, Los Angeles 45, California,

AN
_ A DIVISION OF HUGHES AIRCRAFT COMPANY LA
. -~ : / |
[ N \;_——T ————————— T T T T T T T "~ R
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DOESN'T END HERE!

Join us to discuss, debate, and further develop the ideas and
applications presented. Here’s how. Key in our URL,
www.iaete.orglinsight, or let Digimarc MediaBridge instantly
transport you from the cover to our Web site.

This publication is Internet-enabled!
A digital watermark embedded in the cover art links this

printed document to |AETE's Web site. You can ot
recognize an Internet-enabled page by this symbol: es-[)-+e
L O

e g

Here’s how it works.

When you hold the front cover up to a digital camera
that's connected to your desktop computer, a new
generation of software called Digimarc MediaBridge
reads the watermark, activates your VWeb browser, and
delivers IAETE’s Web site to your screen.

Here’s where to get the software:

Go to www.digimarc.com to download and install the
free Digimarc MediaBridge software.

IAETE extends sincere appreciation to Digimarc
Corporation for allowing us to use this exciting
technology.
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