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Abstract

Novel patterns of teating/leaning have energed from faaulty and students who use our
threeTeading/Leaning Theders at the University of Maryland, Coll ege Park. These fully-
equipped eledronic dassooms have been used by 74faaulty in 264semester-longcourses snce
the Fall of 1991with largely enthusiastic reception by bah faalty and students. The designers
of the Teading/Leaning Theaers ugkt to provide atechndogicdly rich environment and a
suppat staff so that faaulty could concentrate on changing the traditional ledure from its
unidiredional information flow to amore wllaborative adivity. Asfaaulty evolved their
personal stylesin using the dedronic dassooms, nowel patterns of teading/leaning have
emerged. In additionto enhanced ledures, we identified three ®@mmon petterns. adive
individual learning, small-group coll aborative leaning, and entire-classcoll aborative leaning.



Many questions concerning the use of instructional techndogy may be resolved as
reseachers and instructors begin to provide feedbad from innovative pedagogcd explorations.
Proporents of computers in every clasgoom do sometimes blindly promote techndogy withou
adequate vision. Similarly, opporents of techndogy sometimes raise unredistic feas of
alienated students, displaced faaulty, and corporate sell -outs (Noble, 1998. Whil e instructional
tecdhndogy professonals may have more redi stic understandings, inflated expedations and
unredistic feas are still widespread.

Theturbulenceislikely to subside as al stakehadders become engaged in the processof
choasing appropriate techndogies, designing effedive urses and curricula, training teadiers,
and setting rew goals. We can orly hope that wishful thinking and fea-provoking rhetoric will
give way to cleaer goals with well-concaved field trials acompanied by thougtiful evaluations.

We believe the mnfusionis brough on bythe large number of provocative new techndogies
and appeding phlosophesthat are being promoted (Hofstetter, 1995 Jonassen, 1994
Laurillard, 1993 NAS/NRC, 1996 PCAST, 1997. Some of the techndogies are:

- Email for individual discussons amongstudents and instructors and email reflecors for
entire dasses

- Bulletin baards, newsgroups, and li stservs for archived asynchronous discussons, often
with threaded topics

- Chat rooms, MOOs, and MUDs for red-time interadions

- Websites with dgital libraries, leaning resources, and interadive murse materias

- CD-ROMs or websites with simulation games and dyramic models

- Spedalized educdional or general purpose software for home, lab, and classoom use

- Video/audio conferencing for synchronous remote acces

- Eledronic dassooms for ledures and faceto-face oll aborations

The plethora of techndogies is matched bythe diversity of pedagogca phil osophies, including:

- Distance aucdion, a tele-leaning, bywhich students reducetheir need to travel and can
participate synchronously or asynchronously with ather students and profesors (Alavi, Wheder,
& Vaadch, 1995 Harasim, Hiltz, Teles, & Turoff, 1995 Hiltz; 1994 Ned, 1997

- Active leaning and inquiry-based educaion, in which students investigate isaies or solve
problems with varying levels of human and computer guidance (NAS/NRC, 1996

- Coll aborative and cooperative leaning, in which short- or longterm teanwork suppatsthe
socia construction d knowledge (Davidson & Worsham, 1992 Edelson, Peg & Gomez 1996
Sebrednts, Silverman, Boehm-Davis, & Norman, 1995 Slavin, 1990



- Serviceleaning, in which students work on pojeds on campus or in their communiti es
(Jamby, 1996

- Individualized, a self-pacel instruction, in which students work ontheir own using
computer software that guides their progressand gves feedbad. The old terms such as
"computer-asgsted instruction” and "intelli gent tutoring systems" have given way to "interadive
leaning environments' based on"leaner-centered design” (Soloway, Jadkson, Klein, Quintana,
Red, Spitulnik, Stratford, Studer, Jul, Eng, & Scda, 1996.

Motivations for change ae equaly complex, including the need to keg upwith livelier
media such as television and to ensure that students are sufficiently proficient with computers to
be employable. These motivators are broad, bu when administrators st down to plan, they split
into two camps: those who argue for improved educaiona quality and thase who see a
oppatunity for lower costs and larger markets (Gilbert, 1996. Advocaes of quality often
emphasize ative leaning and coll aborative methods to promote greaer student engagement
with higher retentionrates. Administrators who worry more éou budggets are often attraded to
self-pacel instruction and dstanceleaning, bu unfortunately these ae often euphemisms for
computerized educaion and hgher student-to-faaulty ratios.

It is remarkable that many dedsion makers are lured into the fantasy that teaders can be
replaced bytechndogy. Neither books, television, a videotapes have replacal faaulty, bu the
seduction d "intelli gent tutoring systems' has lured some commentators to believe that this
techndogyisdifferent. Whilethe techndogy can be wonderfully empowering for teaders and
students, the relationship between human beingsis dill the heat of the educationa process The
central premiseisthat "knowledgeable teaders provide dhallenge, gudance and evaluation.
They buld amotivating and suppative environment while atending to the diverse neels of eah
student. The successul teader conveys enthusiasm for and competencein the subjed andthe
processof instruction, eaning trust by presenting the right level of challengesfor ead individual
andtean" (Shneiderman, 199&).

The best teaders crede relationships in which students eagerly seek greaer challenges and
accet resporsibility for their own educaion. Some students learn what they need byreading
books, but akey function d auniversity or schod setting is to enable the relationship between
teaders and students to flourish. Teaders can employ techndogy to suppat the relationship
diredly by email andindiredly by providing students with accessto remarkable resources (e.g.,
digita libraries or smulation models) and todls (e.g., word processor or music compasition
padages). Tedindogy can suppat and strengthen relationships, bu never creae or replace
them.



In addition to the antroversy abou the role of techndogy, another trouding asped isthe dl-
or-nore dtitude of many dscussants and administrators. They seem to promote asingle
approach and se&k asingle answer. Imagineif in 1910, you bd to choase anongtrains, cas, or
planes as the single mode of transportation for the future. Cars were riskier than trains becaise
no system of highwayswasin place ad airplanes were just too fragil e to carry large numbers of
people. Similarly, no ore pedagogcd formulawill dominate. It islikely that instructors and
administrators will mix and match techndogies and phlosophies as ead isrefined over time.

Email islikely to be the personal car of the future. Most people will haveit and wseit daily.
Listservs and websites might be the trains, with large numbers of regular commuters. Eledronic
clasgooms might be the arplanes for speaal occasions becaise of their higher cost and
complexity.

These metaphars are playfully suggestive, but they help sort out some of the passbiliti es.
Emall i s certain to have profoundinfluence on educaion, commerce, and many aspeds of daily
lifein the cming century. Listservsandwebsites san likely to be widely used in credive
ways. Eledronic dasgooms are more of amystery (Bruce Peyton, & Batson, 1993.
Proporents believe that in the future every classoom desk will have a @omputer or at least aplug
for the student's personal laptop. They envision classes in which students use the computers for
much of the timein classto cooperate, send messages, or browse websites. Eledronic dassoom
buil ders may crede showcase environments that impressvisitors or donas, bu their pedagogcd
visionis often lacking and implementation flawed. Skeptics are trouded by the high costs and
are likely to prefer traditional leduring with student questions or group dscussons. Given these
concerns, it seems beneficial to condict evaluations of eledronic dasgooms and the way that
they are used byteaders and students.

Electronic Classroom Goals

The University of Maryland, Coll ege Park, has made along-term commitment to develop
eledronic dasgoomsto explore how they can influenceteading andleaningin arange of
disciplines. Our mgjor goal has been to provide faaulty with an environment in which
techndogy and a suppart staff can be used to enhance and transform teading, from its traditi onal
unidirediona information flow to amore wllaborative teading/leaning pocess Our focusis
not onthe techndogy bu rather onits use & atoa for promoting effedive leaning
(Shneiderman, Alavi, Norman, & Borkowski, 1995.



These ollaborative goals were only vaguely incorporated into ou ealy expedations of
eledronic dasgooms, bu experience has gradually refocused ou vision. Asin many reseach
projeds, new oppatunities and ideas emerged as we leaned what worked and what didn’'t. Our
goals were anbitious in that we were seeking to change alarge ommunity of faaulty in dverse
disciplines. To this end we prepared annourcements and krochures, sent email natices, held
seminars, and aganized day-long Teading with Techndogy conferences, to tell the story to our
colleagues on campus and df. To date, 74faaulty have taught in these mllaborative dedronic
clasgooms, and most of them have rethougtt their phil osophies of educaion. Some have gained
new insights that inform their teading even when in traditional clasgooms, while afew
passonately refuse to tead in traditional classooms.

Not surprisingly, most faaulty have evolved personal stylesin usingthe dassooms. While
these stylesrefled individual subjed matters and persondliti es, they have in common a shift to a
more mllaborative gpproadh. New patterns of teading/leaning have dso emerged from the way
these faaulty have used the dasgooms. Faaulty have become guides and coadhes, whil e students
have taken amore adiverole in the dassoom.

In addition to enhanced ledures, we identified three @mmon teading/leaning petterns:
adiveindividua leaning, small-groupcoll aborative leaning, and entire-classcoll aborative
leaning. Some faaulty emphasized activeindividud learning andreporting throughindividual
students use of software toolsto write, draw, simulate, seach, etc., and then share their products
by dsplaying them onthe large screens in the rooms. Some faaulty encouraged small-group
collabarativelearning by arganizing small teams (usually 2- 5 students), whil e others
emphasized entire-classcoll abarative learning by creaing whole-classexperiences based on
brainstorming and goupwork. After overcominginitial problems with the tedindogy and taking
at least a semester to develop their persona styles, faaulty report tadling more ambitious
projeds, giving their students more authentic experiences, and creaingahigher level of
engagement (Alavi, Wheder, andVaadch, 1995 Norman, 1994, 1994 Shneiderman, 1993).

Many o the lesonsleaned arein harmony with the reseacch oncomputing in educaionin
elementary and secondary schods. Beder’'s analysis of K-12 teaters foundthat exemplary
computer-using teaders were located in a antext of “collegiality among sers, schod suppat
for use of computersin consequential adivities, resources all ocated to staff development and
computer coordination” (Bedker, 1994. He dso found,aswe did, that major positive airriculum
changes acaompanied the shift to computer use.

Electronic Classroom I nfrastructure



The AT&T Teading/Leaning Theder, thefirst of our eledronic dassooms opened in the
Fall semester of 1991. It was made possble by agrant from AT&T to investigate how
techndogy could improve the teading pocess The IBM-TQ (Total Quality)
Teading/Leaning Theder opened in the Fall semester of 1993. This room was made possble
by agrant from IBM as part of aTQM (Total Quality Management) in educaion projed. The
third clasgoom, the AITS (Academic Information Techndogy Services) Teating/Leaning
Thedaer, was built in 1996with existing bulding funds for the new building in which this
clasgoom islocaed. Two more dedronic dasgooms are being bult as part of amajor
construction pojed.

The dedronic dasgooms are supervised and suppated bythe Teating Techndogies group
of the University's Academic Information Techndogy Services. The misson d the Teading
Tedndogies groupisto seek out new waysto use tedindogy to improve the quality of
educaion aaossthe University campus (see éso hitp://www.inform.umd.eduTeahTedV/).
Academic units that have used the Teadhing/Leaning Theders include American Studies,
Anthropdogy, Art History, Businessand Management, Chinese, Civil Engineaing, Computer
Science Educdion, Eledricd Engineaing, English, Government and Paliti cs, History, Housing
and Design, Library and Information Services, Mathematics, Mechanicd Engineeing, and
Psychadogy.

Specifications

The AT&T Teading/Leaning Theder has four tiered rows of five austom-designed desks,
ead equipped with a computer (seeFigure 1). Each desk can comfortably sed two students for
atotal cgpaaty of 40 students. The desks are cantil evered so that there ae no suppatsto restrict
chair movement; the front row of desksiswhedchair accessble. The computer monitors are
recesed into the desk topsto permit clea sight lines with the instructor and ather students.
Five-caster swivel chairs promote interadion amongstudents. The instructor’s consoleis
designed to encourage experimentation with the layout of equipment and controls. A similar
arrangement was used in the IBM-TQ Teading/Leaning Theder, which used atiered doulbde U-
shapeinsteal df rows (seeFigure 2) (Allen, Bowen, Clabaugh,DeWitt, Francis, Kerstetter, &
Riek, 1996. Fealbadk from faaulty indicaed a preferencefor the doulde U-shaped
configuration, therefore, the AITS Teading/Leaning Theder isin the same configuration as the
IBM-TQ Teading/Leaning Theaer.

The original student computersinthe AT&T Teading/Leaning Theaer were 386-based
AT&T 6386WGS; these computers were upgaded in 1995to Pentium-based AT& T Globalyst
620swith 16 MB of RAM, 570MB hard dsksand 17 monitors (1024 x 768 xels). The



instructor has two similarly configured computers at the front of the room. The original student
computersin the IBM-TQ Teading/Leaning Theaer were 486-based IBM Ultimedia ammputers
with 16 MB RAM, 200MB hard dsks, and 14 color monitors; these computers were upgaded
in 1997to IBM Pentium-based 32MB RAM computers. The instructor also has two similarly
configured computers at the front of theroom. The dTs Teating/Leaning Theder has
Pentium-based Gateway 2000computers with 32MB of RAM, 2 GB hard dsks, and 17 color
monitors. The cmmputersin ead eledronic dasgoom use Microsoft Windows, are networked
onalocd Novell network, and are mnneded to the canpus opticd-fiber network.

Ead desk in ou eledronic dasgooms contains amonitor, keyboard, and mouse. The CPU’s
inthe AT&T and IBM-TQ Teading/Leaning Theaers are housed in a separate room -- an
arrangement which reduces the noise level in the dassoom, all ows for better control of
temperature for people and computers, improves saurity, and reduces equipment in the
clasgoom. This stup aso allows quicker and easier accessfor repair: a CPU can bereplaced
quickly, even while a ¢assisin sesson. The monitor, keyboard, and mouse ae run ower long
cables (upto 45) strung uner the floors and upthroughthe desks. This stup dces not al ow
students to have accesto the floppy dives of the cmmputers. Our network environment
addressesthisisaue: ead student whoisenrolled in a dassheld in an eledronic dasgoom is
given an acourt and some storage space These acourts can be accesed from any of the 30
open labsoncampus. Printing suppat is not avail able in the dedronic dassooms, but that
cgpability isalso available in the open labs. A single printer in the suppat room is avail able for
faaulty use.

Audio/Visual Support
A touch-panel control box for the audio/visual equipment and lights controls the egui pment
itself (e.g., starting/stoppng the VCR) as well aswhat is displayed onthe projedors. Available
audio/visua equipment in ead Teading/Leaning Theder include:
2 highrresolution rea screen projedors S-VHS video tape player

U-Matic (3/4”) videotape player laser disc player

broadcast television antenna onredion to the canpus video cable
35mm dlide projedor (video image) visual presenter

compad disc (CD) player audiotape player

stereo speeker system closed-cgptioning ceaoders

A video reaording system with three caneras, three cdi ng-mourted microphores, and a
wirelessmicrophore dlows instructorsto videotape their classes and al ows the teating
tedhnician to monitor the dassoom from outside the room. This g/stem islinked to the



University’s campus céble system, alowing davn-linked satellit e programsto be viewed as well
as alowingtwo roomsto belinked visualy.

A criticd control box, cdled the LINK box (Applied Computer Systems, Inc., of Johrstown,
Ohio), alowsfor shared viewing d computer monitors by providing the foll owing capabiliti es:
- Theinstructor’'s <reen can be broadcast to any o all of the student monitors.

- Any screen onastudent workstation can be displayed onthe instructor’s monitor and
broadcast to al the students' monitors.

- Thekeyboard and mouse on any student workstation can be “taken over” by the instructor’s
workstation. Effedively, the instructor can take over control of any workstation in the room.

- Any monitor’s display can be shown ontherea projedion screens.

- All student screens can be “blanked” by the instructor.

Courseware
When the AT& T Teading/Leaning Theaer opened in 1991 Jlittl e wll aborative software for

educaiona suppat was available. An ontline mllaborative software product, a ommercial

group cedsion suppat system cdled VisionQuest (Intellea Corporation d Dall as, Texas) was
adopted to enable faaulty to devise innovative ways of using the software’ stodsin suppat of
collaborative dasgoom exercises. Later, ancther coll aborative software product cdl ed

GroupSystems (Ventana Corporation d Tuscon, Arizona) was install ed.

Over theyeas, the Teahing Tedhndogies gaff have developed “ledureware” tods as
faaulty helped the staff to discover what worked and ddn’'t work in the dasgooms. These
“ledureware” tod s include the One Minute Paper, Feedbadk Meter, Multi Chat, ClassDiredory,
and Caprina. This oftwareisalso usable from the open labs on campus.

* One Minute Paper enables the instructor to get anonymous contributions from the students.
In resporse to a question, students can write aparagraph that they submit to the instructor
who can display them to the dass In an International Businesscourse, students leaning
commercia Spanish had to compase adefinition d marketing wsing the recently taught
vocabulary. Theinstructor could review the 20 submisgons and show goodand bed
examples, anonymously.

* Fealbadk Meter enables gudents to click on butons to indicae whether they are following
the ledure or are cnfused. Instructors get asummary of the number of studentsin eadh
caegory. Thishas proven to be more valuable & appropriate stopping pants rather than
continuowly duringthe dass

* MultiChat allows gudentsto “chat” with ead ather, anonymously or identified in small
groups. An art history teader integrates verbal and textual chat discusgons of images that
students find onweb sites.



» ClassDiredory combines ead student’s picture, name, and a personal biographic sketch into
aformat seachable by picture or by name.

» Caprinamakes 15,000 Igh-quality color images easily accessble througha multislide
program or aquiz slide program. Students can individually explore these images and then
present them to the whole dassas a slide show.

» Two faaulty have developed their own courseware. HyperCourseware (Norman, 1994,
19941 is a system of interlocking modues that serves as a ammplete dedronic infrastructure
for clasgoom leaning by providing templates for ledures, exams, grading, and interadive
exercises (seehttp://www.hypercourseware.com). The TQ Clasgoom Software (Alavi &
Y00, 1995 consists of anumber of integrated and easy-to-use student and faaulty tods,
including eledronic information dsplay and nde taking, an eledronic seding chart, and a set
of clasgoom evaluation and feedbadk toals.

Proposal Processfor Classroom Allocations

To take advantage of the spedal capabiliti es of the rooms, all three éedronic dasgooms are
scheduled througha proposal processrather than by the registrar. Courses that are scheduled
into the dedronic dassooms for the full semester must go througha propcsal processthat
ensures they are used as designed -- that is, to take full advantage of an interadive, coll aborative,
multimedia environment to suppat teading andleaning. A Teading/Leaning Theders
Steaing Committeereviews the propasals to ensure the goals of the dassooms are being
addressed. Compaosed of adozen faaulty from the various coll eges and administrative units on
campus, the Steaing Committeeis chaired bythe heal of the canpus Center for Teading
Excdlence

A cdl for propacsalsto use the dedronic dassoomsisdistributed to the entire canpus at
least one semester in advance (usualy ayea in advance). Acceptanceis based on hav the
faaulty plan to use the fadliti es avail able in the room to foster a wllaborative leaning
environment. Faaulty with propaosals that show promise, bu are wegk in some aeg are
contaded for further discusson and refinement. Where passble, afaaulty mentor is assgned to
work with the proposer and the Coordinator of Instructional Techndogy & Suppat provides
additional suppat andtraining. The Coordinator aso resolves sheduling conflicts, suppats
short-term usage, and prepares demonstrations for the steady stream of visitors. Oncethe
courses are seleded bythe Teating/Leaning Theaers Steaing Committeg the faaulty are
contaded to arrange for training and/or software devel opment.

Support Structure




Clealy ore of the keys to the successof the Teading/Leaning Theaers has been the suppat
provided to the faaulty and their teading asgstants (TASs) who wse the rooms. Suppat has been
an integral part of the dedronic dassooms sncethe beginning: the guiding principle has
aways been that faaulty shoud be ale to come to a high-tech environment and focus on
teadingthe material for the day, na onfixinga “locked” computer (Yu & Gilbert, 1992.

Instructional suppat is provided before and duing the semester througha general
orientation for al faaulty who are seleded to tead in the dedronic dasgooms and several
individual orientation sessons. The Coordinator of Instructional Techndogy & Suppat
provides as many individual orientation sessons as neaded. Tednicd suppat is provided in
every classthroughou the semester. A student tedhnician, assgned to ead class provides day-
to-day suppat andis aways present during the dass In addition, weekly “faaulty prep”
sesgons are scheduled to provide time for faaulty andtheir TAs to come to the dedronic
clasgooms to work on materials or try software.

Other Classrooms

Many unversities have been experimenting with eledronic dassooms and ledure hall s,
language laboratories, and dstanceleaning environments. Hiltz (1994 pioneaed the use and
reseach o virtual eledronic dasgooms suppated by a wmputer conferencing system. Her
focusis on asynchronous usage in adistanceleaning environment; her extensive survey,
interview, and data olledion methods are amodel for all reseachers concerned with eledronic
clasgooms.

The University of Arizonain Tucson hes an eledronic dasgoom equipped with 29 student
workstations and threeworkstations for the faaulty. The workstations are IBM 486-based
computers interconreded via aNovell locd areanetwork. The Arizona dasgoom is furnished
with awide aray of audio/visual equipment, including three10-foat diagoral high-resolution
rea projedion screens (Alavi, Y00, & Voge, 1997. Other eledronic dassoom projeds include
Northwestern University (Guo, 1995, the University of Notre Dame (Stuebing, 1994, the
University of Delaware (Hofstetter, 1995, and Gall audet University (Bruce, Peyton & Batson,
1993.

Courses Taught in the Electronic Classrooms

Summary of use
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A total of 264 courses (Table 1) [a aurrent list is maintained at
http://www.inform.umd.edu/TT/Schedules/Classes.html] have been taught by 74faaulty
representing 26 diff erent departments over their first seven yeas (Fall 1991- Fall 1997). In
Spring 1998, 23aaulty representing 14 dif erent departments will tead 30coursesin the
eledronic dasgooms. A total of 7,514students have erolled in classes taught in the dedronic
clasgooms (Fall 1991- Fall 1997). Average dass $zewas 28 students.

Insert Table 1 about here

Faculty
The 74 faaulty and gaduate students who taught in the dedronic dasgooms from Fall 1991

throughFall 1997,included 16 nontenured faaulty, 31tenured faaulty, 9 gaduate teating
assstants, 8 staff, and 10instructors. They represent the following 26acalemic unitson
campus.

American Studies History

Anthropdogy Honas

Art History Human Development (Educaion)
Arts & Humanities Jurnalism

Behavioral and Socia Sciences Library and Information Services
Business& Management Maryland Engli sh Institute
Chinese Mathematics

Civil Engineaing Physics

Computer Science Psychaology

Curriculum and Instruction (Educaion)  Spanish

English Speed Communicaion

French Teleoommunications
Government & Politi cs Urban Studies and Planning

Theinitial set of faaulty who taught in the dassooms were very experienced computer users.
Over the yeas, amix of experienced and nouce @mputer users have taught in the dedronic
clasgooms.

It isalso interesting to refled onthose who have not used these dedronic dasgooms. A
majority of those faaulty who do e the Teating/Leaning Theders come from the Coll eges of
Arts & Humanities, Behavioral & Social Sciences, and Business |In spite of our pubicity, there
are still many faaulty who dont know abou the dedronic dasgooms or believe that such
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faaliti es are meant for software and computing-oriented courses. However, computer science
faaulty have been limited users, wrongdy believing that it would take substantial effort to prepare
programs. Resistanceto innowationis an dd theme, and many faaulty continue to be skepticd or
negatively pre-disposed to eledronic dasgooms.

Use of the Electronic Classrooms

Patterns of Teaching/L earning

Asfaallty have erolved their teading stylesin the dedronic dasgooms, we recognized four

emerging petterns of teading/leaning:

- enhanced ledure style plus discusson

- adiveindvidual leaning and reporting

- small-group coll aborative leaning and reporting, and

- entire-classcoll aborative leaning.
These patterns were gathered from instructor comments, and then they were used to describe
coursesin ou internal symposia and papers. Feedbad from instructors and administrators gave
us confidencethat this was an adequate and wseful list. The enhanced ledure style can be a
faaulty presentation enhanced bytechndogy (for example Microsoft PowerPoint slides or an
instructor-controll ed animation) with discusson (questions or feedbad from the students). By
contrast, adive individual leaning and reporting involves gudent-initi ated participation. Ead
student uses a pieceof software to creae his or her own materials. With the techndogy avail able
in the dedronic dasgooms, ead student’swork can then be shared with the rest of the dass

During small-group coll aborative leaning and reporting, goups of 2-5 students olve a
problem coll aboratively or creae awork product. Aswith adive individua leaning, the groug s
product can be shared with the rest of the dass Entire-classcollaborative leaningis possble
with certain software that all ows the teader to engage the whole dassin an exercise based on
brainstorming and teamwork.

Examples of the enhanced ledure style range from using aword procesor to using a
presentation software package. Severa faalty who were novice mmputer users chose to ledure
in apresentation-only style usingaword procesor. Asthese faalty becane more comfortable
with the techndogy, they provided their ledure notes to the students eledronicdly. A profesor
teading Chinese poetry started in a presentation-only style but soon moved to a presentation-
with-discusson style. He used PowerPoint for his presentationsin ead class gangthrough 50
60 slides eath period. PowerPoint provided him the cgability to use wlor to emphasize
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different aspeds of poems and to show different translations sde-by-side. The instructor
provided the same slides to his gudents to foll ow during classand for review outside of class
Asthisinstructor becane more familiar with the techndogy, he added dscussonto hisledure,
integrating the use of the One Minute Paper tod to provide feedbad to hm on students
comprehension. In the past, he asked for verbal feedbadk, bu he reported that only afew
students would respond,whil e most sat with blank stares. In the dedronic dasgoom, every
student would compase aresporse, creaing a much more adive leaning environment. The
instructor could much more acarrately gauge student comprehension aaossthe dass

With a omputer at every desk, students have accesto a suite of software for creding their
own interpretations of the material being dscussed. The LINK box povides the caability to
share these interpretations with the entire dassfor discusson. These ailiti es fostered the
emergence of the adive individual leaning and reporting style. Instructors from the Maryland
English Institute -- which teates courses in English as a Second Language (ESL), used this dyle
frequently in class A typicd exercise onsisted of showinga dip from avideo tape or showing
apicture onthe dedronic overheal and asking the students to write aparagraphin aword
processor describing what they saw. The instructor used the LINK box to share what eah
student wrote anonymously with the dassandto dscussgrammar and writing style. This
allowed studentsto lean from ead aher’s credive legs and mistakes.

Thisadive leaning with reporting pettern was also successul in the other courses. Similar
to what was dorein the ESL exercise with grammar and writing, a businessinstructor asked,
students to revise abusinessletter, which was then shared with the dassfor discusson. Sciences
and engineaing faaulty would have students use software spedfic to their disciplinesto creae
productsin resporse to aproblem. These products were then shared with the dassfor pee
critiquing. For example, Visual Basic was used to crede novel user interfaces that were aitiqued
for layout, color, terminadogy, and completeness

Small-group coll aborative leaning and reporting were enabled throughthe use of software
such as MultiChat. Ina mmputer science ourse, in-classgroup programming was made
paossble by the use of the network in the dedronic dassoom. The professor composed a 20-line
main program that invoked threeprocedures. The students then worked in small groups to
generate versions of the procedures, and these were examined by the instructor using the LINK
box. Theinstructor was able to copy the version e liked best, make afew dlight changes, and
then copy it into his main program on his machine. The program was compil ed, and it ran onthe
first try. Theinstructor commented that “whil e he was enthusiastic, his dudents seamed to think
that this was the natural way to dothings.”

Case-study exercises in businesscourses provide anather example of small-group
coll aborative leaning. Groups of 5-6 students were assgned businessoriented roles and gven
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individual case studiesto analyze VisionQuest was used to suppat these exercises, enabling the
group membersto propase solutions based ontheir role. Then the solutions were refined, rated,
and ranked before eath group shared its deasion with the entire dassfor discusson.

The mllaborative software avail ablein the dedronic dasgooms, espedally VisionQuest and
GroupSystems, has all owed for entire-classcoll aborative leaning. VisionQuest’s "brainwriting"
and "comment cards" tools were used succesgully in many classes. A business ghod professor
frequently starts her classes by having students use the brainwriting tod to identify concepts and
isaues from the assgned readings that, in their view, need further discusson a clarificaionin
the dasgoom. Oncetheisaies areidentified, she asks ead student to pick the two or three
iIsuesthat are central to understandingthetopic. She then focuses her ledure and class
discusgon onthe issues most frequently picked bythe dassaswell as onthosethat, in her
judgment, are necessary to complete and enhance student comprehension. This processof issue
identification and prioriti zation takes abou 10 minutes. In asimilar manner, a Spanish profesor
used VisionQuest to have students list troulding vacabulary words and then dlicit feedbadk abou
how trouling the words were by asking the entire dassto rank them eledronicdly. Students
sean to like knowing hav well or poaly their classnates are doing. As another means of
beginning the dassdiscusson, a speed communicaion professor asked studentsto list
metaphars for the concept of conflict in VisionQuest which she then used asiill ustrations during
the dass

A Spanish instructor used Multi Chat to foster a cmombination d small-group coll aborative
leaning and aform of entire-classcoll aborative leaning. Groups of students had been assgned
courtriesin South Americato study throughou the semester. At the end d the semester, they
used the Multi Chat program to suppat a United Nations trade negatiation exercise: a UN room
was st up and ead country had its own chat rooms. Students could chat with the studentsin
their group and make dedsions on regatiation trade-off s and then goto the UN room (where the
entire dassparticipated) to negotiate with the other courtries.

Empirical Assessments

Empiricd analyses of courses tauglht in the Teating/Leaning Theaers are limited and
exploratory. However, many faaulty are eger to understand hav the Teading/Leaning
Theders affed their courses and they are eg@er to improve their teating methods. Although
such studies fal outside the goproach taken in rigorous gudies of instructional design, they are
helpful to faaulty and they provide provocative insights into uses of eledronic dasgooms.

One exploratory study involved a semester-long gaduate business(MBA) course on
management information systems (M1S) (Alavi & Yoo, 1993. The 20 students met once aweek
in the dedronic dasgoom for two hous andforty minutes. Prior to ead class the instructor
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used the note taking todl to creae and dstribute an eledronic version d her ledure nates to the
students. Duringthe dass ead student was able to retrieve and annaate the instructor’s ledure
notes on his/her workstation. The student was then able to save the aanaated ndes on hisg/her
private disk spacefor future reference The dasgoom evaluation tools were used regularly
throughou the semester to oldain anonymous gudent feedbadk onthe dasgoom for the purpose
of continuowsly improving the murse @ntent and celivery medhanism. VisionQuest software
was frequently used bythe dassfor brainstorming, evaluating alternatives, and coll aboratively
anayzing bisinesscases.

At the oonclusion d the murse, the students were asked to respondto a questionraire
consisting d 25 structured items and two open-ended questions. Theresultsindicaed that the
students rated their leaning eff edivenessin the dedronic dassoom significantly higher
(significant at .05level) than in the traditional classoom onall theitems. Furthermore, the
students were highly satisfied with their experiencein the dedronic dasgoom, indicaing that
they would take another course there. They reported that the computer adivitiesin the dassoom
were well -planned, well -organized and enjoyable.

The students identified eledronic note taking as the most popuar feaure. They responced
favorably to the room's allowancefor interadivity, ideasharing, brainwriting, and multimedia.
Students also appredated the mmputer/techndogy taking care of such medianicd aspeds as
saving ndes, displayingthe syllabus, etc.

Alavi (1994 conducted ancther study that compared the dedronic dasgoom and a
traditional classoom acardingto the leaning oucomes and student evaluation d the leaning
process The studyinvolved 127 gaduate business sudents, 79 d whom attended classin the
eledronic dasgoom (2 classs) and 48 d whom attended classin atraditional clasgoom setting.
All three ¢asses were taught by the same instructor. The course met once aweek for aperiod d
two hous and forty minutes. The instructor followed an identicd set of classoom protocols and
procedureswas in eat of thethree ¢asses. The primary diff erence between the murses was the
use of VisionQuest in the dedronic dasgoom to suppat student interadions during the
collaborative leaning goupexercises.

A post-course questionraire with 28items was used to measure students' perceptions of their
leaning and clasgoom experience. Five-point Likert-type scades were used to measure dl items.
The leaning and evaluation items were subjeded to separate principal comporent analysis,
followed by varimax rotations. Results indicaed the presence of five fadors (70.9 percent
variance &plained) for the leaning items and threefadors (67.1 gercent variance explained) for
the evaluationitems. Means, standard deviations, and correlations of the five wherent scdes
with acceptable dphareliabiliti es (3 from leaning and 2from evaluation) are presented
separately by experimenta condtionin Table 2. Alphareliability coefficients for ead scde ae
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provided in the diagoral. Means, standard deviations, and intercorrelations with ather scdes for
the expeded grade measure ae dso presented in Table 2.

Insert Table 2 about here

The findings of the study indicated that tedhnd ogy-mediated coll aborative leaningin the
eledronic dasgoom can lea to statisticdly significantly higher levels of perceved skill
development, self-reported leaning, and evaluation d classoom experiencein comparison to
collaborative leaningin atraditional clasgoom. Furthermore, the final test scores of the group
of students who were in the dedronic dasgoom were statisticdly significantly higher
(eledronic dasgoom M=88.23,traditional classoom M=83.97,t(125=-3.92, x.00]) than those
of the other group d students who were in the traditional classoom.

Other exploratory assessments of eledronic dasgoom eff edivenesslooked at the dynamics
of the dasgoom ledure environment to determine ways in which multimedia can assst in the
leaning processand make educaionamore adive and engaging pusuit (Alonso, 1995. Inan
experiment on leaning statisticd concepts, the instructor varied the form of control (leaner-
controlled versus instructor-controll ed materials during the ledure) and the forms of interadion
(passve/simple versus adive/complex interadion). Althoughscores onaquiz indicaed that
subjedsin the leaner-controll ed, complex-interadion goup performed relatively well, they did
not do significantly better than students in the other condtions. However, studentsin this group
felt that the feaure of student control and interadion were very important and dd enhancetheir
leaning.

Borkowski (1997 conduwcted a cae study to describe what happensin atecdndogy-rich
clasgoom (IBM-TQ Teading/Leaning Theder) in the Spring 1997semester. Datawere
colleded through prticipant observation, with the observer taking onthe role of an adive
participant serving as an observer, technicd suppat person, and, for one dass teader. All
classes were videotaped except for exam days. The videotapes were transcribed wherever
posshle.

The 28 students in the dasscompleted a preliminary questionnaire that was used to gather
demographic information, techndogy experience, andinitial readionsto beingin atechndogy-
rich clasgoom. A final survey was given at the end d the semester to determine if the students
attitudes had changed ower the semester in regard to the advantages or disadvantages of beingin
atedindogy-rich clasgoom. In addition,amail refledor with orly the students' and olserver's
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email addresses was used duing the semester to share student readions/refledions on adivities
that occurred in class

The student feedbadk from the surveys provided some insights into what needs to be taken
into consideration when teading a wurse in atedindogy-rich environment. Althouwgh the
majority of students off ered a very positive resporse in the preliminary survey to the question o
anticipated advantages, the majority aso anticipated dsadvantages including issues of time
(teading time interrupted to addresstedhndogy iswues) and frustrations with having to lean
tedindogy. Students expedations need to be aldressed by informing them that the curse they
are erolled inisgoing to be held in atedhndogy-rich environment. Inthis gudy, na informing
the students of this may have provoked some gprehension in those students who were not
techndogy literate. We dso had expeded that the students would possesstechndogy literacy
skill s, which was not the case. These reasons may explain many of the students' comments from
the final survey in regards to the isaue of the computers being a dhallenge to lean and that the
students felt that the technd ogy took away from leaning the subjea material.

Oneinteresting observationis that the dhangesin the level of engagement of the students
increased when techndogy was used to suppat an adivity. Based onareview of the videotapes,
the participation inherent in atechnd ogy-based adivity appeas to stimulate more student
participationin the faceto-facediscusgonsthat follow. Thisiscontrary to somefindingsin
CMC (computer-mediated communicaion) reseach, which showed noincrease in faceto-face
discusgons after CMC use (Kern, 1995 Ruberg, Moore, & Taylor, 1999. Further reseachis
required to understand hav the combination d techndogy-based adivities with verbal faceto-
face atvities avall able in the Teating/Leaning Theders resultsin higher interadion levels and
participation from all students during faceto-facediscussons that foll ow tedhndogy-based
adivities.

Surveys of Faculty.

Initialy, the majority of faaulty feedbadk was gathered throughinformal discussons held at
the end d eadr semester. Later, amore formal questionreire was developed and refined as the
number of Teating/Leaning Theaersincreased.

From the Spring semester of 1995throughthe Fall semester of 1996,faaulty were email ed
surveys with 13 open-ended questions asking abou what was siccesful and what was not. The
survey probed for trouling aspeds of classpreparation as well asinsights to teading/leaning
oppatunities.

Respondng to these surveys was not mandatory. Resporse rate averaged 36% for the
surveys coll eded from Spring 1995throughFall 1996. Surveys submitted were forwarded to the
Teadting/Leaning Theders Steeaing Committeefor review. Startingthe Spring 1997semester,
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the format for faaulty feedbadk was changed from an emailed questionraire to arequest for one-
page self refledions onthe semester. Faaulty were asked to include abrief response to the
following questions:

1. What did you hog would happen in terms of enhanced student learningin you course?

2. How didit go? Re: your goals’/hopes

3. What were the strengths and we&knesses of your teading experiencein the theaer?

The results presented in the following two sedions are comments that represent certain

“themes’ that emerged from examining the aaswers.

Results of Faculty Surveys. Positive Aspects

Faaulty reported that the level of engagement amongstudents was very high. Allowing
students to see eah ather’swork seamed to leal to a better expresson d ideas amongthem.
The techndogy seemed to cgpture students’ imaginations and serve & amotivating force
(Norman & Carter, 1999.

The sharing d student work was reported by the mgjority of faaulty as a “succesgul”
adivity. A psychdogy professor foundthat when students typed their resporses rather than
spoke them, their answers were more well-though out and ketter articulated. A computer
science professor also commented that the quality of student work had improved. Faaulty from
all disciplinesliked the aility to have students look at eat ather’ swork. Some foundthe
ability for the instructor to take control over students' work when necessary to be helpful in
instruction. An English professor commented that being able to integrate mediais “gred”: going
from video to network to audio to aral to white board all owed the instructor to vary presentation
mode acording to content considerations and student needs.

Feedbadk from a mathematics professor, who taught a computer graphics course, naed that
the network of computers, which isintegrated with an array of audio/visual equipment, made
teading “easier andfun.” Hefelt that the room was designed in such away that the students and
theinstructor felt goodto beinit. He daimed an attendance doseto 100%. The instructor
would come 30 minutes before dassto play aVCR or laser disc with interesting computer
graphics. Soon,students garted comingto classealy to watch the movies, play with the
computers, and dscussthe assgned projeds amongst themselves.

Severa of the government and pditi cs faaulty noted that famili arizing students with using
the software happened fairly quickly. The LINK box enabled instructors to share student
examples of what to do @ not to do. Also, the Teadhing Asdstants could monitor the students
from the front of the room eledronicdly.

All the faaulty agreed that additional timeisrequired to prepare to tead in the dedronic
clasgooms, bu that it iswell worth the dfort. One educdion professor commented that it is
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“well worthwhilein terms of greder leaning efficiency in the Theder.” For those who have
used the dedronic dasgooms sveral semestersin arow, preparing for classhas beame less
demanding.

An educdion pofessor foundthat using VisionQuest and WordPerfed alongwith the LINK
box was most successul when there was a dea assgnment for students to prepare in advance
and when the task was complex enoughto allow credivity but not so complex that brainstorming
lists were too long o had too much to be displayed andread. Espedally succesul were her
exercises on chocsing adaycare center, applying reseach results, and dscussng gender roles.
She dso used the interadive caabiliti es to construct the study list for the final and gd into the
habit of putting ledure outlines on dsk, loading them, and dsplaying them for the students.

Results of Faculty Surveys: Negative aspects

During thefirst several yeas of use, most of the feedbad onthe AT& T Teading/Leaning
Theder related to physicd setup d the room. For example, it was noted that certain color
whiteboard markers were not visible from the bad of the room (red and yellow in particular). A
common comment was that the large instructor’ s console restricted movement. Inthe IBM-TQ
Teading/Leaning Theder, which was built two yeas later, the instructor’ s console was
designed to be smaller.

Lightingwas, andis 4ill, aproblem: if it was dark enoughto seethe projedion screens, it
was too dark to seethe whiteboard. There were complaints abou the performance spead of some
programsrunnngin the IBM-TQ Teading/Leaning Theder; the upgaded madines have
reduced this problem.

With all thetechndogyin the dedronic dasgooms, it isa tall enge for the suppat staff to
keep all the eguipment running smoothly. A government and pditi cs professor cautioned, “be
caeful tecandogy daesn't beacome the focus.” Too many technicd problems can disrupt a dass
In addition, many o the faaulty nated that they prepared badkup leson dansin casethe
techndogy dd na work.

There were cmplaints about the poar resolution d the dedronic overheal device, which has
been replaced with abetter unit. A professor who hestaught in the dedronic dassooms for
several semesters commented that the touchscreen control panel for the media and lighting hed
enoughcomplexity to make it unsettling even to longterm users. Severa of the math professors
complained that there was nat enoughwhiteboard space Faaulty in nontedchnicd disciplines
had to grapple with the isue of how much classtime to dedicate to leaning the software in the
eledronic dasgooms.

During thefirst coupe of yeasthat the Teading/Leaning Theaers were open, accessto
filesfrom outside the dedronic dassooms had been a problem. The processof attaching to the
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appropriate fil e server took too many steps and students experienced problems accessng their
information. When the AT&T Teading/Leaning Theaer opened in Fall of 1991,floppy dsks
with the gpropriate fil es on them were given to students to use to login and have the correa
access gtup for them. Thisintroduced many problems with wrongfil es being copied orto the
floppes (different floppes for eat course), floppes nat working, etc. This processhas been
streamlined throughthe development of a software program which takes care dl the necessary
steps oncethe user enterstheir login id and password. Current problems with accessngfiles
remotely relate to the complexity of having several Windows platforms avail able (Windows
3.11,Windows 95, and Windows NT) in the open labs for students.

Tryingto doatraditional ledurein the dedronic dasgoom proved to be unsuccesgul for
one professor. A math professor didn't try to ater what he did in atraditional classoom andtried
to use the dedronic overhead and whiteboard combination for ledures and then classexercises
onthe computer. The professor did na succeea because of the lad of whiteboard space ad the
low resolution d the dedronic overheal. In thiscase, theinstructor felt that leduringina
traditional clasgoom was better than in the dedronic dasgoom.

Student Feedback

During thefirst several yeas of use, feedbadk from students had been gathered informally
throughthe use of VisionQuest software. A formal questionreire, QUIS (Questionraire for User
Interadion Satisfadion), has also been used to gather students' fealbadk onthe dedronic
clasgooms. Results from the QUIS showed that in general, students have rated their leaning
experiencesin the dedronic dasgooms consistently higher than their leaning experiencesin
traditional classooms. Students reported that they leaned more, the dasswas more interesting,
and that they were more motivated. They also felt they had a greaer oppatunity to be head by
the instructor and that they head more from their clasgnates (Norman, 1993.

Written comments on the QUI'S from students also provided insights into the advantages and
disadvantages of the dedronic dasgooms. Students liked having hands-on experiencewith the
software, and they liked the multimedia capabiliti es of the dedronic dasgooms. Asnoted
abowe, students reported they had better classdiscussons/participation. Many commented that
the rooms were wmfortable. They felt that the big projedion screens in the room were helpful.
Written comments that the dasswas more interesting correlated with the results from the QUIS
rating sedion.

Disadvantages that students cited were centered more onthe comfort of the room than on
educaiona or processisaies. Many said there wasn't enough ask space Inexperienced users
neealed a better introduction to the techndogy. Some students said that the computers were not
used fully enoughand some did na like the fad that they had to share a omputer.
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Starting the Fall semester of 1995,the student questionnaires were dhanged from the Likert-
type scde questions contained in the QUIS to several open-ended questions that explored
succesdul and ursuccesdul adivities.

The themes that emerged from these results were very similar to the results of the QUIS in
relationto succesdul adivities. Activities such as“hands-on” learning and goup dscussons
were @mmon themes from classes. In addition students liked having accessto information (i.e.,
instructor notes, images, or course information). When examining the “unsuccessul” activities
mentioned by students, the focus has changed from the comfort of the room as was mentioned in
the QUI S results to the processof teating and leaning. Students listed “plain” ledures as being
unsuccesdul and complained that the instructor was “capturing’ their screens for too long(the
LINK boxallows instructors to stop student adiviti es by sending the instructor display to every
student madine). Students also felt that the techndogy was “taking away time” from the dass
Students who foundit was harder to lean the subjed matter cited the strugd e between spending
time leaning the techndogy versus endingtime leaning the murse content.

L essons L ear ned

There were many lessons leaned abou the dedronic dasgooms, from physicd setup to
tedhnicd suppat, to teadhing and leaning. The aedionand wse of these dedronic dasgooms
have gained adminstration and faaulty suppat so that additional eledronic dassooms are being
built. Instructional techndogy has become amajor campus focus partialy due to the successof
these dedronic dasgooms.

Our key insight isthe identificaion d the amerging petterns of teading/leaning:

- enhanced ledure style plus discusson

- adiveindvidual leaning and reporting

- small-group coll aborative leaning and reporting, and

- entire-classcoll aborative leaning.
These patterns have been helpful in describing the dedronic dassoomsto new faaulty, and have
given uslanguage for discussng ou classes.

Having ahighlevel of suppat appeasto be the key to the successul use of the
Teading/Leaning Theders (Yu & Gilbert, 1992, bu this suppat has ahigh ogerating cost.
The wsts of buil ding these types of rooms has deaeased -- it cost approximately $466,0000
build the AT& T Teading/Leaning Theaer in 1991 $350,00Qto buld the IBM-TQ
Teading/Leaning Theaer in 1993 $150,000t0 buld the AITS Teadhing/Leaning Theder in
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1996. The aurrent staffing for suppat includes 2 full-time staff plus 14 part-time undergraduate
and gaduate students. Distributing total costs over the weekly usage of 60 hous per clasgoom,
yields approximately $75hr to suppat adivitiesin these three éedronic dassooms.

Aswas mentioned previoudly, the design d the instructor’s desk wastoo largeinthe AT& T
Teadting/Leaning Theder. The subsequent instructor’ s desks were designed to be smaller.
Lighting has usually been problematic in rooms that combine cmputers and pojedion
cgpability. Inthe AT&T Teading/Leaning Theder, the staff went “overboard” in designing the
lighting zones; there ae aght separately controllable zones. Although pesets were provided, the
touch-screen controls were complex. The IBM-TQ Teading/Leaning Theder design hesthree
lighting zones and a deaer interfaceto the cntrols. The setup d the desks in a U-shaped
configurationis recommended over rows snceit fosters better faceto-facediscussons.

Eledronic dasgooms shift the role of the instructor from “sage on the stage” to “guide on the
side.” Faaulty members can na only present information to the students; they can aso devote
more time to working with students oninterpreting, integrating, and structuring masses of
information generated ar accessed in digital form. Sense-making and asking the “right”
guestions in information-intensive, techndogy-mediated environments are extremely important
to promote comprehension, criticd thinking, and leaning. In addition, wsingtechndogy in the
clasgoom seansto empower and engage the studentsin their own leaning (Alavi, Wheder &
Valadch, 1995.

Tedindogy can play therole of equalizer by providing dternative and perall el channelsfor
students to participate in the dasgoom discussons and provide feedbad to ead ather andto the
faaulty. Thisequalizer roleis particularly welcomed by students who shy away from speging
upin the dasgoom but who eggerly share their comments in eledronic -- and anonymous --
form.

Faaulty must be willi ng to change the way they tead to take advantage of the interadive
environment avail able in the dedronic dassooms. The few faaulty whotried to come and do
their usual ledure with overheals and the whiteboard and then used the room as a computer lab
for exercises were not succes<ul.

At thistime, students gill arrive on campus with varying levels of computer expertise.
Faaulty neead to consider dedicaing some time during the initial classes for providing computer
orientation for many students. We anticipate that thiswill become lessof a problem.

Credit is due to the University administration for suppating the aedion d these dedronic
clasgooms before any proof of successwas avail able. Over the past seven yeas, the succeses
of these fadliti es have agued strongy for the value of such resources for the faaulty. Future
plansinclude an eledronic dassoom in anewly completed buldingfor the Coll ege of
Agriculture and an eledronic dassoom for the Coll ege of Behavioral and Socia Sciences.
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Concluding Remarks

Our eledronic dasgooms and the new patterns of teading/leaning have reshaped
educational processes for many faaulty and students at the University of Maryland. Most ealy-
adopting faaulty are ea@er reped users and there is a steadily growing community of faaulty
users. Other eledronic tedhndogies such as email and Web usage ae spreading rapidly within
eledronic dasgoom courses and keyond.

Eledronic dasgooms ®an likely to become more mmmon aaossour campus and at other
universities, even thoughthe st is high. Thelow cost and flexibility of email and web usage
means these tedindogies are likely to become universal, bu many faaulty and students will
probably seek ou the speda oppatunities and intense leaning experiences that are passblein
eledronic dasgooms.
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Figure 1 Schematic of the AT&T Teading/Leaning Theaer showingtwo students at 20
workstations
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Figure 2 Layout of the IBM-TQ Teading/Leaning Theder
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American Studies
American Media Cultures*
Cultural Themes in America: American Cyberculture**
Diversity in American Culture*
Electronic Communication and American Culture*
Growing up in America**
Material Aspects of American Life*
Seminar in American Studies**

Anthropology
Film Images of Native Americans**
Quantitative Approach to Applied Anthropology**

Art History
American Art to 1876**
American Landscapes**
Art History and the New Technologies: Research, Teaching,
and Communication**
Byzantine Art and Archaeology**

Arts & Humanities
Arts, Humanities, and Literatures in Early Modern Europe:
Portraits and Portrayals - Media, Uses and Performances**
Arts, Humanities, and Literatures in Nineteenth and
Twentieth Century Europe: The Idea of the Modern**
Arts, Humanities and Literatures in Seventeenth- and
Eighteenth Century Europe: The Identity of the Artist**
Cross-Cultural Perspectives on Quality**

Behavioral and Social Sciences
Competing Globally on Quality**
Cross Cultural Differences**
The Role of the Media in the American Political Process**

Business & Management
Accounting Systems**
Accounting Information Systems**
Business Computer Application Programming**
Business Problem Solving Using Computers***
Business Statistics*
Business Telecommunication**
Decision Modeling and Analysis***
Human Resource Management***
Information Systems Analysis and Design II***
Information Technology and Corporate Transformation***
Introduction to Business Information Systems**
Introduction to Design and Quality*
Management Information Systems***
Marketing Research Methods***
Methods of Measuring Quality*
Problems and Applications in Human Resource
Management***
Resampling Sections*
Seminar in Decision Support Systems**
Special Topics: Accounting Information Systems***
Special Topics in Business and Management: Electronic
Commerce***

Business & Management (con't)
Special Topics in Business and Management:
Management of Telecommunications Networks***
Strategic Information Systems***
Survey of Business Information Systems and
Technology**
Systems Analysis and Design**

Chinese
Chinese Poetry into English*

Civil Engineering
Decision Support Systems**
Operations Analysis for Construction**

Computer Science
Computer Science I*
Database Design**
Human Factors in Computer and Information Systems**
Information Visualization***
Introduction to Programming*

Curriculum and Instruction (Education)
Computers for Teachers**
Teaching with Computers**

English
Critical Methods**
Selected Topics in English and American Literature**
Selected Topics: The Computer and the Text:
Multimedia as Critical Expression**
The Computer & The Text: Hypermedia as Critical
Expression**
Written Text, Visual Text**

French
Composition and Style**
French Composition**
Government and Politics

Conflict and Peace Analysis**
Introduction to International Negotiations*

History
Introduction to Quantitative Techniques for Historical
Analysis***
The Evolution of American Business, 1825-present**
Quantitative Approaches to 19th Century U.S. Social
History***

Honors
American Suburbia*
Honors Seminar: Technology and Decision Making in
the 21st Century*
Honors Seminar: The Information Age**
Switched on Minds: Cognitive Issues in HyperSpace*

Human Development (Education)

Human Development and Societal Institutions*
Synthesis of Human Development Concepts***

Journalism
Research
Assisted .

Library and |
Building tt
Computer
Informatio
Instructior

Mathematic:
Calculus |
Euclidean
Selected -
Dynamics

Maryland Er
Academic
Advanced
Advanced
Advanced
English as
English as
Reading &
Saving the
Semi-Intel
Writing fou

Physics
General P
Magnetisr
Introductic
Theoretic:

Psychology
Applied D
Cognitive
Experimet
Informatio
Quantitati
Seminar il
Interface*
Statistical
Theory an
Thinking &

Spanish
Commerc
Commerc

Speech Con
Negotiatio
Telecommui
Telecomn
Urban Studi
Introductic
Planning t

Table1 Courses Taught inthe Teating/Leaning Theaers
(*Lower Division Undergraduate ** Upper Division Undergradutae *** Graduate)
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Verba Computer-
Collaborative Mediated
Leaning Collaborative
Process Leaning Perceived
Variables Mean Mean Skill Develop- | Self-Reported Leaning Class
(SD) (SD) ment Leaning Interest Evaluation
Percaved 2.98 3.59 (.92 .55 42 41
Skill (.70 (.61
Development
Self-Reported 3.57 3.85 .59 (.83 40 32
Leaning (.76 (.62
Leaning 2.86 3.25 .64 40 (.72 14
Interest (.82 (.79
Class 2.94 3.35 .56 71 .37 (.77
Evaluation (.65 (.78
GroupCase 3.02 3.42 51 .23 49 27
Evaluation (1.03 (.85
Expeded 1.32 1.42 -.04 -.02 -.02 .26
Grade (1.47) (.50

Table 2. Means, Standard Deviations, Correlations, and Rdli abiliti es

for Study Variables, Separated by Experimental Condition (1=worst, 4=best)

Note: Correlations above the diagoral are for studentsin the Teading/Leaning Theaer expased to the computer-
mediated collaborative leaning; those below the diagoral are for students in the traditional classoom expased to
verbal collaborative leaning. Alphareliabilti es are presented onthe diagordl.
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