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Video Telephony

Although the transmission ofvideo images over telephone lines has a long
history, new technology, particularly video compression techniques, now
makes video telephony affordable. The technology is practical, and it can
be successful if systems maintain high quality and easeofuse. The results
ofbehavioral science studies ofvisual communication indicate thatadding
video tovoice calls increases the effectiveness ofhuman communication.
Human factors and behavioral science techniques can evaluate the quality
ofvisual communication systems and make suchsystems easy for
customers to use.

Introduction
The announcement ofthe AT&T

VideoPhone 2500™ inJanuary 1992 begana
newera forAT&T. Although skeptics ofvideo
telephony continue to pointto the false starts
ofthe past,there is ample evidence that this
technology is now mature. AT&T is poised to
offer a variety ofvisual communication prod­
ucts and services that are affordable andmeet
customerneeds.

Video telephony beginsbyadding a
video dimension to audio telephone service
- simple person-to-person communication,
which includes the transmission ofthe par­
ties' imagesas well as theirvoices. The next
addition to this service, already a feature of
many teleconferencing systems, is the trans­
mission ofhard-copy graphics. Fromthere,
systemsexpand to transmitstoredand live
electronic graphics. Products will also be able
to transmit auxiliary video input, such as
recorded video segmentsfrom a video­
cassette recorder (VCR). (Panel 1defines
acronyms, abbreviations, andterms.) Live
electronic graphicsmakeit possible to offer
a shared "blackboard" that both parties can
manipulate. Adisplay screencanbe used for
screen-based control ofthe ~ideo device,
display oftext messages, and accessto infor­
mation services. At this point, video telephony
mergeswith multimedia computing. 1

In this paper, we review the history
ofprevious attempts to introduce video tele­
phony, andwhythis maybe the beginning of

the video telephony revolution. Will custo­
mers see a needforvideo communication
overthe telephone? Human factors andother
behavioral researchstudieshave assembled
evidence indicating whatusers will andwill
notgainfrom having a video dimension added
to their telephone conversations. Given that
the technology is mature, and that customers
would find it useful, wethen encounter two
other factors important to the successof
video: the quality ofthe transmitted image
andhoweasythe equipment is to use.

The techniques ofbehavioral sci­
encescan be used to assess the quality of
compressed video images andto choose
among various techniques andtradeoffs in
video compression. Using human factors
methods to designthe video telephone will
ensure that it will be as easyto use as the
voice telephone is today. Wereview several
crucial designfactors thatposeproblems for
usability ofvideo telephony. Finally, wepro­
jectwhich user needs may be fulfilled by the
futuretechnology ofvideo communication.

History of Video Telephony
The origins ofvideo telephony can

be tracedback65 years to a historic, one-way
full-motion video callin 1927 from then­
Secretary ofCommerce HerbertHoover in
Washington, D.C., to AT&T executives in
New York City.2,3 The frame ratewas18
frames per second. This technology became
the foundation ofcommercial television, first
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Panel 1. Abbreviations, Acronyms, andTerms

CCnT - International Telegraph andTelephone Con-
sultative Committee

CIF - common intennediateformat
codec- coder-decoder
CRr - cathode ray tube
fax- facsimile
FCC - FederalCommunications Commission
ISDN - Integrated Systems Digital Network
IQ - intelligence quotient
kb/s - kilobit per second
Mb/s - megabit per second
MHz - megahertz
ms - millisecond
NTSC - National Television Systems Committee
PC - personal computer
QCIF - quarter common intermediate format
VCR - video-eassette recorder

introduced in 1936. Panel2 shows many historic events
in the evolution ofdesktop andgroupvideo conferenc­
ing, up to and including the AT&T Group Video System
partnership with PictureTel Corporation, and the intro­
duction ofthe AT&T VideoPhone 2500.

The earlierfailures ofPicturephone and Picture­
phoneMeeting Service are nowbetter understood. After
65 years, allthe elements neededbyAT&T to enter the
age ofvideo telephony are in place:
- Bandwidth is cheaperandmore readily available,

e.g., Integrated Services Digital Network (ISDN), and
switched 56kilobit per second (kb/s) and 384 kb/s
services.

- Video compression technology is moreadvanced and
significantly improved.

- Pricesforequipment and transmission havebecome
affordable formany customers.

- Saving timeand travel expensesis more important
than everas today's businessescompete in a global
economy.

- People are morecomfortable with video and other
higher technologies as a resultoflargemarket
penetrations ofVCRs, camcorders, and personal
computers (res).
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- Worldwide International Telegraph andTelephone
Consultative Committee (cern) video coding stan­
dards (Px64 standards) 4 allow different types ofven­
dor equipment now in place to worktogether.

- There is a growing universe to call usingvideo
telephony: Asof1993, thousands ofvideo conferenc­
ingsystemswill havebeen installed inbusinesses all
overthe world.

Because these seven elements are now in place,
many telecommunication marketing consultants and
expertspredictthat a video marketing window will begin
to openin 1993. Group video conference vendors are
plentiful, and a few are making a profit today. Desktop
video vendors are gearingupfora largemarketwindow
that many expectto openby 1995.

What Does Sight Add to Sound?
Now that wehavethe technology needed to

deliver two-way visual communication successfully and
economically to the homeand office, weare readyto face
the morefundamental question: Who wants it? Since
1876, whenthe first telephone callwasplaced, people
havegradually become comfortable with voice-only com­
munication. The telephone has become an indispensable
toolin the office and a necessity in the home. It works, is
easyto use, andgets the job done. Onthe whole, we
seem satisfied with this ubiquitous device. Is there a
desire to addsight to sound? Some have arguedthat cus­
tomersdo notwanttwo-way visual communication over
the telephone network at anyprice.! Whatwill it add to
our personal communication?

Before answering this question, wemustdispel a
popular myth. Anewtechnology doesnot always replace
its older, sister technology. Television didnotreplace
radio. The "limitation" ofradio is alsoits advantage,
namely, it doesnot demand yourvisual attention. Will new
video phonesreplace our common telephones? Probably
not.Sometimes it is niceto be anonymous. Often wedo
notwanttoworryabouthowwelook. Occasionally, we
wantto wanderaroundas wetalkon the phone.

Onthe other hand,clearly weare a species that
seeks out the visual. Although television has not replaced
radio formusic, it certainly has fornews, drama, and edu­
cation. Consumers are demanding moreandbetter
graphicsin the PC world, evenfor activities that do not
requirethem,in spiteofthe costpremium. Magazines,
newspapers, and booksare becoming morevisual and
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Panel 2. History of VideoTelephony

1927 Firstone-way video phone call- HerbertHoover inWashington, D.C. toAT&T in New York City
(18 frames/sec)

1930 Firsttwo-way video phonecall- from AT&T, 195 Broadway, toAT&T Bell Laboratories, WestSt.
(Iconaphone)
FirstTVbroadcast byBritish Broadcast System
Commercial broadcast TVIntroduced - Black andwhite TVoverchannels 2 to 13
Color TVsystem approved by the FCC - NTSC system
Visiphone experiments at Bell Labs: Stamp-sized picture every 2seconds overregularphone lines
Othernon-Bell System video experiments andtrials:

Stromberg-Carlson (Vistaphone)
GTE (pictel)
Trials (England, France, andSweden PTfs)

1964 ModI Picturephone introduced
World's Fairin N.Y. to Disneyland in California
3 cities (N.Y., Chicago, Washington) - connected viapublic video booths

Ladybird Johnson, Bell andWatson grandchildren oninaugural call
Union Carbide ModITrial (N.Y. to Chicago) - used35Mod I sets
ModIIPicturephone unveiled - (I-MHz analog, blackandwhite)
ModII Picturephone Westinghouse Trialcompleted - N.Y. to Pittsburgh, 40sets
JulesMolnar, Bell Labs' ¥P, champions technology toAT&T CEO H.I. Rhomnes
(Iuly) Pittsburgh - Firstcommercial Picturephone Service (max. 32sets)
Rate: $160/month and.25/minute
N.Y. Public Utility Commission rejects N.Y. Picturephone tariffbid
(April) Chicago Picturephone Service started

389 sets,53customers
$50 month/line, $25/mo/set
.15/minute - Exchange service within Chicago Loop area
.75/minute to Oakbrook suburb

C&P Telephone (Intercom pockets ofPicturephone Service) at hospitals, schools, etc.
1972 John DeButts succeeds Rhomnes asAT&T CEO

Executive Policy Committee appoints Ed Goldstein as Picturephone "Czar" AVP
to addressthe marketforvideo telephony

1973 Picturephone Service killed after$500 million investment
FirstAT&T marketing organization created inwake offailure
(Visual Communications Services Product Management Organization

createdunderJoe Horzepa, Director)
1974 Picturephone Meeting Service (PMS) started (Intercity Visual Conferencing Service)

Picturephone desktop segmenttrialsbegun, e.g., law, advertising, healthcare
Public PMS rooms in 12cities andlargeinternal AT&T trialsbegun
Some private PMS room trials (Department ofEnergy) and
ArthurAnderson (underspecial FCC Tariff - "SeeWhile You Talk")

1980s ISDN introduced
1990s AT&T Video Business Units created- Global Business Video Systems andServices

Consumer Video Services
Px64 video standards approved byCCITT
AT&T Group Video offering announced

1992 AT&T VideoPhone 2500™ introduced
ISDN Residence Video telephone trialbegins

lessverbal. The marketfor image communication (e.g.,
fax, multimedia, video conferencing) is growing several
times fasterthan the marketsfor eithervoice or data.

The factthat wesometimes like visual stimula­
tion seemsto be beyond contention. The more interest­
ingquestion is, ''Whatdoesa visual channel add to voice
communication?" The answer to this question is obvious
forpeople with impaired speechor hearing. The visual
channel makescommunication overdistance easierand

morenatural. Making communication easierforthe
hard-of-hearing will be an important, perhapsthe most
important, roleofvisual communication in the coming
years; however, our objective is to examine the role
ofthe visual channel as a supplement to voice com­
munication.

The Importance of Nonverbal Information. There are
a numberofways inwhich the visual channel cancontri­
bute to the voice channel. It can:
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- Add information notpresent in the voice channel
(for example, quietly shakingone'shead or pointing
to an object in the environment) .

- Provide redundant information (alaughanda
smile, together)

- Add emphasis, punctuation, or phrasingto the
verbal message

- Createa sense ofpresencethat mayencourage the
speakerand the listenerto be moreattentive

- Enhance one's memory ofa conversation.
Extensive systems ofclassifying the nonverbal actions
that accompany speechhavebeen proposed. 6,7 Most
such systems try to capturea handful ofimportant com­
munication needs:"
- Turn-taking - Whether the speakeris readyto give

up the floor, andwhethera listenerwants the floor.
- Feedback - Whatthe listenerthinks ofwhatthe

speakerhas said.
- General attentiveness - How intently the speakerand

listenerare concentrating.
- Emotional states - The mood ofthe speakerand

listener, in particular, concerning the discourse itself.
- Speaker status - How the speakerperceives his or

her relationship to the audience.
- Information about upcoming topics - Preparing the

listenerfor a changein topic, return to a previous
topic, or relationship between topics.

Kendon adds to this list that nonverbal actions, in partic­
ular, gestures, lendinterest to the speaker, and therefore
holdthe listener'sattention."

Sources of Nonverbal Messaging. The three most
important nonverbal indicators are our eyesandface,
our hands,and our appearance.

The eyes and face. The face is the sourceofthe
mostsubtlenonverbal messages, especially the mouth,
eyes, and eyebrows. Weare remarkably adeptat deter­
mining whatsomeone is looking at byobserving his or
her eyes. Ifweknow whereJane is looking, weknow
whatshe is interestedin, and togetherwith her expres­
sion, wecanguess whatshe thinks aboutwhatshe is
observing. The eyes are also a window intoour emo­
tional state.Whenweare in a contemplative or reflective
mood, weoften lookup. Whenweare analyzing an argu­
ment, weoften lookdown. And, ofcourse, whenweare
tired,wecloseour eyes. Perhapsthe mostfundamental
nonverbal messages communicated with our eyesare
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our level ofinterest in the speakerandwhetherweare
in agreement, disagreement, or neutral.

Speakers and listeners watch the eyesclosely to
determine whento beginor end talking. When a speaker
is readyto relinquish the floor, he or she will often gaze
directly at the listener. If the listeneris readyto take the
floor, he or she will momentarily lookaway. 10 Weare
scarcely aware ofthis complex dance ofthe eyes. Ifwe
focus our attention on them,webecome immediately
entangled in our own self-consciousness.

Gestures. Gestures are the nextmostexpressive
form ofnonverbal communication. Gesturing is univer­
sal,although somespeakersuse moregesturesthan oth­
ers. Gestures are coordinated with andused to reinforce
speechbyhelping the listenerparseit.Theyare also
used to facilitate tum taking. Occasionally, theyare used
to illustrate shapesor physical actions. McNeilF argues
that becausegestures are notpartofa formal, culturally
defined system, they reveal moreabout our thoughts
than do our words.

Appearance. There are two kindsof"appearance"
messages, voluntary and involuntary. Wecannot control
or easily modify the involuntary ones: signsofage,
height, weight, a twitch, or the profile ofone'snose. On
the other hand,weoften go out ofour way to control the
voluntary ones, including the colorofour shirt or blouse,
or the way wecut our hair. These are the silentmes­
sages that weconstantly broadcast to the world. For
example, putting on glasseswill immediately raiseyour
perceived intelligence quotient (IQ) by 15points, 11
although the effect disappears as soonas the person
wearing glassesis engaged inconversation.

The Role of Nonverbal Messages. Whatinformation
is conveyed bythis constant flood ofnonverbal messages
constructed from our clothes, posture, orientation, gaze,
facial expression, handgestures,and eyemovements?
For 100 years,wehavenothad the luxury ofvisual infor­
mation in our longdistance person-to-person communi­
cation. The letter is a text-only device and the telephone
is a voice-only device. Whathavewebeen missing?
Whatwill video telephony add to our communication?
Researchers havetakena straightforward approach to
answering these questions - theyhave added a visual
channel to a conversation to see whathappens.

Since 1970, psychologists have conducted many
laboratory studieslooking formedia effect in



communication, for example, comparing voice-only com­
munication with voice plusvision communication.P The
procedure used in these laboratory studiescanbe gen­
eralized as follows: Two subjects, sittingin adjoining
rooms, are askedto perform a task that requiresboth
cooperation and communication. For example, one has a
telephone bookand the other a desire to find a particular

...when two people can see each other,
they can more often agree

to a plan ofaction or
a solution to a problem

restaurant. The type ofcommunication channel between
the two is varied. The two channels ofinterest in this
paperarevoice-only andvoice plusvision.

Although many different typesoftasks have
beenused, theycanbe divided intotwo broadcategor­
ies: information exchange tasks and interpersonal tasks.

Information exchange tasks. Oneofmostbasic
measures ofcommunicative successis the time it takes
toexchange information. Ochsman and Chapanis"
asked pairsofsubjects in separateroomsto perform
three different tasks: scheduling a class, diagnosing a
problem in an ignition system, andfinding a particular
partin a bin ofsimiliar-looking parts.The tasks were
designed to compel both subjects to worktogether to
solve them. Although different typesofcommunication
channels wereused in this study, only two are ofinterest
here: voice-only (simulating a telephone) andvoice and
video (simulating a closed-circuit television).

Because the subjects had enoughtimeto finish
the taskswithout error, the only measureofperformance
was the total timeto complete the given task. Ochsman
andChapanis' extensive analysis ofthe resultsshows
thata voice channel is essential for successful perfor­
mance inan information exchange task,but a visual
channel didnot add significantly to the audio channel.

Gale14 had groupsofsubjects perform three dif­
ferent information exchange tasks: deciding on the best
alternative among a set ofpossibilities, deciding on the
quality ofa goodproductmanager, and settingup a
meeting. Subjects, in small groups, used one ofthree
different media:

- Datasharing (computers linked so the information
that one persontypedon his or her screenappeared
on the screenofeach personin the workgroup)

- Datasharingplusaudio
- Datasharingplusaudio andvideo.
Like Ochsman and Chapanis, Gale found that the media
choice didnot affect the time it tookto complete the dif­
ferenttasks.

These two representative studiesoffer strong
evidence that whennonvisual information mustbe trans­
mitted or negotiated between two or morepeople, the
words wespeakare allthat weneed.Wecanconfidently
conclude that the voice-only telephone is a prettysuc­
cessful device for such cooperative work.

The typical information exchange studyis look­
ingforperformance differences. Some studieshave also
askedsubjects which media they prefer. Generally, they
preferthe more"information-rich" channels (channels
with vision), eventhoughthe addition ofvision doesnot
seemto improve performance. Onereasonmightbe that
channels with vision are ratedas higher in "social pres­
ence," that is, subjects feel that they know theirpartners
better at the end ofthe study. Gale14 reportsanother
interesting finding: subjects thought that the voice plus
vision channel would savethem timein real life, even
thoughhis laboratory studydidnot showthat it would.

Interpersonal tasks. Some tasks requiremorethan
a simple transferofinformation. Argyle" writes, "Non­
verbal andverbal communication normally play two con­
trasted roles. Non-verbal communication is used to
manage the immediate social relationship - in muchthe
sameway as in animals; verbal communication is used to
convey information connected with sharedtasks and
problems." Assuming he is correct, weneed to examine
the role that nonverbal communication plays in commun­
icating notwhatwe sayor hear, but whatwe think about
whatwesayor hear.

Although the resultsare often task-specific, the
generalfinding from a numberofstudies8,15- 17 indicates
thatwhentwo people can see eachother, theycanmore
often agree to a planofaction or a solution to a problem.
This is especially true whenone or both subjects are
negotiating from strongly held beliefs, possibly because
voice plusvision channel subjects are better able to
determine their partner'sposition on an issuethan they
are in a voice-only condition.
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Ekman18 coined the term "leakage" to refer
to nonverbal indications ofour internal states.He pre­
sents evidence that nonverbal cues reveal moreabout
our emotional state than doverbal cues,and are harder
to suppress.

Even in experiments that didnot showmedia
effects, for example, in determining whetheror not a
partneris lying, subjects invoice plusvision conditions
tendedto makemoreconfident judgments. Even though
theyare not anymoreaccurate in determining another's
feelings, they think they are, and they think their part­
ners are moreaccurate in deciphering their own feel­
ings." Weliketo thinkweare perceptive andconvincing
evenifweare not.

In summary, although information exchange
tasks usually do not showa performance advantage for
vision plusvoice compared with voice-only, interpersonal
tasks do.The visual channel appears to allow people to
pickup nonverbal messages, and it provides a sense of
"presence" that encourages commitment to the task.

Thus, behavioral science researchsuggests that
video telephony will be useful to customers, not only
becauseit provides a sense ofpresence, but also because
nonverbal messagesenhance interpersonal interaction.
Obviously, video communication will addvalue for custo­
mers who havemessagesthat can only be conveyed visu­
ally. Given that video telephony will be useful, the next
step to successis to makeit usable. Human factors and
behavioral research are pivotal in assessingthe quality of
the transmitted video image and in designing video tele­
phonesystemsthat are easyto use.The next two sec­
tionsdiscussthese topics.

Image Quality
For mostusers ofvideo services and products,

the "gold standard," or reference, forvideo imagequality
will be the video they see at home. The video signal sup­
plied by NorthAmerican andAsian broadcasters is
currently the National Television Systems Committee
(NTSC) system.

For the NTSC analog video system, image quality
assessmentand measuresofuser/viewerperception
werefairly simple. Broadcasters and others were pri­
marily concerned with the spatial resolution ofimages,
accuracy ofcolorreproduction, and the effects of
interference such as video noise. Spatial resolution in an
image is the level offine detail often specified by the
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numberofresolvable pixels per lineofscanned video.
SeeTableI for a comparison ofimage quality metrics for
various video and other imaging systems (such as
motion picture images). Because NTSC signals deliver
motion at the highly acceptable frame rate of29.97
frames per second, it wasnot necessary to createimage
quality metrics to measureimpairments in the transmis­
sionofmotion (temporal resolution). Viewers ofNTSC or
motion picture images are neverexposed to anyform of
motion impairment.

Afull digital encoding ofthe analog NTSC signal
with no impairments to either spatial or temporal resolu­
tionwould take at least90megabits per second (Mb/s).
Practical codersin use by broadcasters operate at around
22Mb/s with little or no perceptible image impairment.
To squeeze the signal down to lower transmission rates
requiresextensive signal compression to takeadvantage
ofknown and predicted redundancies ofvideo signals in
boththe spatial and temporal domains. Unfortunately,
compression algorithms that allow a transmission rate
below 1.5 Mb/s (the transmission rate ofaT1 trunk)
causevisible motion impairments, suchas jerkiness
and/or smearing ofobjects in motion, which viewers
do not experience whentheywatch NTSC or motion
picture images.

Also, electrical noise that causesdots, snow, or
streaks in analog video systems cancausemajor degra­
dations in digital video signals, e.g., largeareasofcolor
blocks can appearon the screen as a digital decodertries
to flush out coding errors causedbyelectrical noise.

Timedelays in reproducing the compressed
digital image are anothernewmajor video impairment.
Because ofthe intensive computations in processing
compressed digitally encoded pictures, somealgorithms
produce timedelays of200 to morethan 400 milli­
seconds (ms). To ensure synchronization ofspeechwith
images, the audio signal is delayed. The timedelay that
resultsfrom combining the audio andvideo signals is
anothertradeoff to achieving economical (low) video
transmission rates. Laterin this paper, wedescribe how
the impairments ofdelay and lipsyncaffect ease ofuse
forvideo systems.

InTableI,wecompare the image quality metrics
for analog NTSC commercial broadcast video and itsvaria­
tionswith compressed digital video. Compressed digital
video formats follow the newH.320 digital compression
standards.I? issuedby the ccrrr in 1990. The new



Table I. Image Formats and Quality

Total Required
Usable* Pixels pixels Frames bandwidth/

horizontal per per per transmission
Formats lines line frame second rate

Analog video
NTSC (Americas, Asia) 338 426 150,000 29.97 4 MHz
PAL (Europe) 411 420 172,000 25.00 5 MHz
VHS 338 280 95,000 29.97 <4MHz
Picturephone 175 175 30,500 30.00 1 MHz(6.3 Mb/s)
AT&T VideoPhone 2500™ 112 128 15,000 1-10 8.2kb/s

Computer image
SVGA 1024 768 786,500 60 -
VGA 640 480 307,000 60 -

Motion picturefilm
35mm (Nota raster- 500,000 24 -
16mm scannedimage) 125,000 24 -

Digital video
QCIF(Px64) 144 176 25,000 15-30 56kb/s - 2 Mb/s
CIF (Px64) 288 352 100,000 15-30 56kb/s-2Mb/s
PictureTel, CLI 240 256 61,500 15-30 56kb/s - 2 Mb/s
HDTV (proposed H4) 806 1920 1,550,000 50 140 Mb/s
MPEG (constrained set) 345 360 124,000 30 1.5Mb/s andhigher

*Eliminates retrace linesand includes the utilization ratio.

standards include the H.261 standard.! often called the
Px64 standard, wherethe value ofP canbe anyinteger
between 1and 32. This standardcoversdigital video cod­
ingfrom 56kilobits per second (kb/s) up to 2.048 Mb/s.
Within the H.261 standardis the quarter common inter­
mediate format (QCIF),which provides a spatial resolu­
tion of144 lineswith 176 colorpixels per line. The stan­
dardalsospecifies an optional format, the common inter­
mediate format (CIF), which provides a spatial resolution
of288 lineswith 352 pixels per line. For a video equip­
mentmanufacturer to be in compliance with the CCITf
Px64 standard, it mustprovide QCIFand,optionally, full
CIF. Atthe present time, no standardobjective metrics
existforthe subjective motion impairments produced by
thesevideo coding systems. Because sourcematerial has
a directeffect on motion impairments, muchhumanfac­
torsworkis under way in this area,especially to estab­
lishstandard test sequencesforfull-motion video. Subjec­
tive image quality standardsfor compressed digital video
pose somechallenges. For example, a video system

operating at 112 kb/ s maybe perfectly acceptable for
groupvideo conferencing inwhich there is limited head
and shouldermotion, but it maybe completely inade­
quatefor showing an action-packed sporting event.

Designing Easy·to-Use Video Telephony
Modern video telephony will enhance communi­

cation. Fundamentally, it addstransmission ofvisual
images andgraphics, but there is also potential for
screen-based control oftelephony functions andaccess
to textual information and image libraries. Picturephone
also offered the fundamental enhancements ofvideo
telephony in the 1960s, but customers didnotembrace
it.The experience with Picturephone didteach us that
one component vital to the successofvisual communi­
cation is ease ofuse.20

Whatmakesa productor service easyto use?
Obviously, customers let us know whena product is
easyto use and reaffirm that by purchasing our prod­
ucts and services. Wecan evaluate ease ofuse by
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examining its components: familiarity, transparency, sim­
plicity, predictability, consistency, attractiveness, and
adaptation ofdesign to functionality.

Familiarity. The video user interface should use
concepts andprocedures familiar to users. In many cases,
making a video callshould be as similar as possible to
making a voice call. The sameconventions, procedures,
andfeedback should be used forvideo callsas forordi­
narytelephone calls, wherethese are applicable. For
example, video calls should return auditory ring-back and
busytones identical or similar to voice network tones, in
addition to anyscreenmessagesthat mayappear.

Transparency. The technology underlying the
video interface should be transparentto the user. Users
should notbe requiredto provide information or perform
operations that could be handled bythe terminal or

...one component vital
to the success

ofvisual communication
isease ofuse

network. For example, users shouldnothaveto identify
the typesofdevices they are usingor that theywantto
contact. Just as users makefax-to-fax andvoice-to-voice
calls in the current network without "informing" the net­
workoftheir modeofcalling, they should nothaveto
inform the network ofthe typeofvideo device theywant
to contact.

Simplicity. Operating video telephony devices and
features shouldbe simple and self-evident. Using a video
telephone shouldnot requirespecial training. To makea
simple video call, a user should be ableto either dial a
numberand be connected to a video modedirectly, or
press a button (e.g., clearly labeled as "video"). The user
should nothaveto follow a special procedure that would
requiretraining or readinga manual before usingthe
device. Usersshould notbe requiredto dial a separate
numberor start and end a video callseparately.

Predictability. The video telephony user interface
should be consistent with user expectations, which evolve
from common experience. For instance, video telephones
havea "self-view" mode, in which the user canmonitor
whathis or her camerais sending. Some research
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indicates that users strongly believe that if they see
themselves, then the other partycannotsee them. Video­
phonesshouldworkconsistently with users' expecta­
tionsor clearly inform users whentheycanbe seen.

Consistency. The sametypes ofvideo products,
services, and systemsshouldworkalike from the users'
pointofview. Auser who canoperate one system or
device should be ableto move to a device ofthe same
type and perform at least basicfunctions (such as placing
a phonecall). User-level interoperability, sometimes
referredto as "driveability," is analogous to consistency
in automobile design: Although the design ofcontrol
panels varieswidely in different cars, theyare enough
alike to enable anyone who knows howto drive one car
to operateanother. For example, if allvideo telephones
had a "video" buttonthat activated video transmission
in the sameway, then users could referto thatbutton
whenmoving from device to device or talking to users
ofother devices.

Attractiveness. The user interface should be
attractive andfunto use.Video products andservices
shouldnot only be easyto use,but enjoyable as well.
Although attractiveness is nottraditionally considered
part ofusability, it is vital to a user's motivation to use a
productor service, and to his or her subjective satisfac­
tionwith a system. Forexample, personal video tele­
phoneswill be specialty instruments, notgeneric utility
devices, duringtheir introductory years.Thus, they
should havea sleek,high-tech look, createdbygood
industrial designand tailored bycustomersurveys.

Adaptation of Design to Functionality. AT&T video
products and services will covera wide rangeoffunc­
tionality, from basiccommunication to complex multi­
functional information appliances. Ascomplexity
increases, the user interface must remain simple to use.
Thus, morecomplex products will requireuser inter­
faces that candealwith the increased complexity without
intimidating users.An arrayofbuttonsor a screenof
software buttonsmaybe appropriate fora simple device,
but a graphical user interface may be best fora complex
one. For example, a video conference device may trans­
mitgraphics and imagesfrom an attached computer. It
would be better to provide control ofchoice and trans­
mission ofimages from the computer screen,in graphi­
calformat, rather thanfrom an arrayofbuttonson the
video control device.



Designing for Ease of Use
How canweensure that present andfuture

visual communication applications will be easyto use?
Involving professional user interface designers from
beginning to end in the development processis a proven,
successful method. 21- 24 User interface designers should
be involved in planning and initially defining a product
or service, in designing andwriting requirements, in
directing successive iterations ofimplementing product
requirements, and,afterreleaseofthe productor ser­
vice, in collecting customer feedback. Methods
employed by user interface designers- task analysis,
rapid prototyping, usability testing, and expertreview­
are described in detail byDayand Boyce-' and,in this
issue, by Opaluch andTsao.25

Crucial Usability Issues for Video Telephony
In this section, weexamine usability problems

specific to video telephony (asopposed to morecom­
mon, generalaspects, such as ensuringthat controls are
within the reach ofthe user, etc.). Asuser interface
designers learnmoreaboutvideo telephones andvideo
services, but before many products and services with
incompatible interfaces are available, wecanshare and
standardize the solutions to many ofthese issues (see
Table 11).

Video Call Setup. Fromthe simplest to the most
sophisticated video communication device, the firstand
mostbasicfunction for the user is to dial a video call.
Making that callmustbe as simple as making a voice call
intoday's voice network. Nospecial prefixes should be
needed to identify the callas a video call. The user
should not haveto perform two-stage dialing, that is, dial­
ingan accessnumberfollowed by a secondnumber, or
having to set up both a voice calland a video call. Agood
analogy existswith faxcalls: settingup a callto a fax
machine is identical to settingup a voice call (except that
a fax machine existson both ends).Although the trans­
mission medium is graphicsinstead ofvoice, the user
making the callfollows the samesimple, well-learned
procedure as in making a voice call.

Despite the seemingly obvious natureofthis
usability goal, it posessomeseveretechnical challenges.
In the near future, the network will probably supporta
variety ofanalog and digital video telephones, which may
or may notworkwith one another. Users should notbe

Table II. Issues in Video Telephony Usability

Usability issue Design response

Video callsetup • Simple dialing
• Intelligent network identifies

communication mode(video, voice,
graphics) andterminal equipment

Spontaneity of • Preventcallblocking
communication • Portable terminals

Privacy • Calls beginvoice-only
• Usershavecomplete control over

transmission andreception ofvideo

Self-view • Provide intuitive control(s) to view
transmitted and/or local views

• Mirrored forpersonal self-view,
nonmirrored fordocument views

• Nosurprises: beingseen unintentionally
while in self-view

Camera control • Controls to allow natural scanning
ofother party

Delay and lipsync • Minimize delays
• Preservelipsync

Physical environment • Preventmisattribution ofenvironmental
problems (e.g., badlighting) to
video hardware

burdenedwith identifying the device theyare calling
from andthe device they are calling, yet placing this bur­
den on the network mayrequireextensive changesto
databases and risk increasing call setuptimesto an unac­
ceptable degree. Until video andvoice devices work
interactively, it may be difficult to provide simple video
dialing forallvideo calls.

The technical challenges increase whenthe com­
munications network becomes a multimedia network. We
envision a network in which voice, video, data, andgraph­
ics are exchanged to a wide variety ofterminal equipment.
This equipment mightbe voice, video, graphics, or any
combination ofthe three. (Despite the acknowledged
needfor telecommunication standards, it is likely that
someterminals will notbe ableto communicate with
other terminals, at leastnotwithout somemediating trans­
lation or callto an interworking service center.) The net­
workitselfmust contain the intelligence to make the
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interworking between the heterogeneous devices and
communication media completely transparentto the
user. Userswill not acceptthis newtechnology if they
are requiredto provide information to the network to
place and/or receive a call.

Ensuring Spontaneous Communication. In the past,
video conferencing has been anything but spontaneous;
rooms had to be scheduled manyweeksor monthsin
advance, channels reserved, and, in somesystems, con­
fereeshad to move offsite to holda video-mediated

Spontaneity
isa key ingredient

in the success
ofvideo telephony

conference. The newgeneration ofvideo conference and
personal video telephones promises to bringto video
communication the samespontaneity that customers
now enjoy with voice. Spontaneity is a keyingredient in
the successofvideo telephony, particularly personal
video telephony.

To ensure that spontaneity is preserved, we must
prevent extensive callblocking; the probability ofcomplet­
inga callshould notbe noticeably different from whatcus­
tomersreceive invoice communication. Furthermore,
dialing a video call mustbe simple andeasyto complete.
Portability ofthe video terminal equipment is also impor­
tant to its spontaneity. Initially, businesscustomers are
unlikely to provide personal video terminals on every
desktop, and small video conferencing systemsprobably
will be moved from conference roomto conference room.
Video terminals, then, are likely to be shared among peo­
ple. Careful attention must be paidto the ergonomics of
portable terminals. Theyshouldbe easyto carry, easyto
plugin,shouldnot requirespecial training to use, and
should enable users to recover quickly from an incorrect
setup. Extensive usability testing is essential to determine
whetherinexperienced users can set up equipment.

Privacy and Control of Video Modes. Customers
wantto be sure they can control their privacy during
transmission ofvideo calls. People wantno possibility of
beingcaughtunaware. The concern datesbackto Pic­
turephone and is clearly evident in recentmarketing and
human factors research onvideo telephony. People are
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alsoconcerned, thoughto a lesser degree, overwhena
video picture appears on the video telephone. Theywant
control overwhethera strangercan see them.

ForAT&T video products and services, wehave
designed the video telephone user interface so that
- All calls on a video telephone beginasvoice-only calls
- Fulltwo-way video communication canonly be

activated if both partiespress a "video" button on their
video telephones

- Duringa video call, eachpartycancontrol whetherhe
or she canbe seen by the other party.

This lastfunction is ensuredbya special privacy mode, a
buttonthat disables the transmission ofvideo to the other
party, but allows the user to continue viewing the picture
beingsent by the other party (provided, ofcourse, that a
picture is beingsent).The challenge to designers is to
provide a control that users understand will alternate
between receive-only video andfull two-way video. One
option is to provide one ''video'' buttonthatmoves the call
from voice to video and activates the privacy (receive-only)
mode. The drawback ofthis method is that it doesnot
allow the user to control reception ofvideo, which would
always be controlled bythe other party. To solve this
problem, the user canpress a "privacy" button to activate
the privacy mode, while allowing the video buttonto con­
trolwhetheroverall video (sending andreceiving) is on or
off. For example, Picturephone provided a disable button,
which sent a patternto the other party. TheAT&T Video­
Phone2500 has a physical shutter overthe camera lens,
the advantage ofwhich is immediately obvious to the user.

Beginning a callinvoice-only modeis the only
way to guarantee the privacy that customers require.
However, call setupbecomes moredifficult. The alterna­
tive would be to default to full two-way video modewhen
a callis connected. This eliminates having to choosea
video modeafterdialing the call. Acompromise design
would allow users to presetwhethertheyenter voice­
only or video whena callis connected, but this involves
supplying the user with morecontrols or procedures.
Perhapsas video becomes moreubiquitous, users will
havefewer concerns abouttheir privacy; then,placing a
video callcanbe simplified to dialing andentering full
two-way video. However, it seemsmorelikely that users
mayalways be concerned that the dimension offace-to­
face contact maydiminish privacy.

Self-View. Almost anyvideo communication sys­
tem shouldbe ableto display the video picture generated



from the user's own camera. Various video products
referto this as monitor, se/fview, vu-self, preview, or local
view. This simple function, however, becomes morecom­
plex as the video systembecomes morecomplex, for
instance, whena video systemhas morethan onevideo
input, (e.g., from a VCR and/or a document camera), in
addition to the camerafocused on the person.

Self-view contains at leastfoursubfunctions:
- Local view - Viewing the signal from a local video

source, i.e., monitoring the video signal from a cam­
era,VCR, graphics tablet, etc.There maybe morethan
onelocal view whenmorethan one local video source
is active.

- Self-view - The local view from the camerapointed at
the user. It is the video "mirror" and the user should
be ableto distinguish it from other local views.

- Monitor - Viewing the video signal beingtransmitted
to the other party.

- Preview - Viewing a video signal that is notbeing
transmitted, typically to inspectthe picture before
sending it to the other party. For example, a caller
may wantto checkhis or her appearance beforestart­
ingavideo call.

Simple video telephones mayhaveonefunction with a
single labelthat performs just one or two ofthe functions
mentioned. For example, the AT&T VideoPhone 2500
hasa self-view function, which enables the callerto pre­
view andmonitor the image generatedbyhis or her cam­
era. Morecomplex systems, such as current telecon­
ferencing systemsandthe nextgeneration ofdesktop
video telephones, will havea choice ofvideo inputsfrom
several sources, only someofwhich may be transmitted,
and anyofwhich maybe viewed at one timeon the out­
putscreen.

Self-View and Privacy. Should the video signal
continue to be transmitted while the user is viewing his
orher video signal? The AT&T VideoPhone 2500 contin­
uesto transmitvideo while the user views his or her pic­
ture. Marketresearch at AT&T suggests that customers
want the option ofviewing themselves while sending
theirown picture to the other party. Forexample, a cus­
tomer may want to showoffnewclothes, monitoring his
orher own movements in self-view while the other party
looks on.However, humanfactors research at AT&T
Bell Laboratories indicates that users thinkthat when
they see themselves on their screen theycannotbe seen
byanyone else.This impression is so strongthat it

persistsevenwhenusers are instructed abouthowvideo
is transmitted duringself-view. Usersare concerned
aboutprivacy invideo communication, and theywantto
control theirvideo transmission. Allowing video to be
transmitted duringself-view risksgiving users a negative
impression aboutthe privacy ofvideo communication.

The challenge to humanfactors is to retainthe
functionality ofallowing video to be transmitted during
self-view, while ensuringthat users are intuitively aware
ofwhetherthey are sendingtheir own picture to the
other party. Fortunately, the presentation ofthe self-view
canmitigate this problem. Oneoption is full-screen self­
view, i.e., whenthe picture ofthe other party is replaced
by the picture from the user's own camera. Another
option is a systemthat candisplay a windowed self-view.
Here,pressingself-view pops up a small insetpicture,
overlaid uponthe picture ofthe other party, containing
the user's own picture. According to usability studies
conducted byAT&T Bell Laboratories, users who can
accessthe windowed self-view find it mucheasierto
understand that self-view doesnotautomatically imply
that their own transmission is suppressed.

The Multiple-View Problem. The nextstepup in
videophone complexity is to have morethan onevideo
source, e.g., a camerato transmit the user's image and
an auxiliary inputto transmit a recording from a VCR or
laser diskplayer. The challenge is to allow users to
choosewhich local view theywantto watch, e.g., them­
selves or the VCR. Atthe sametime, theymayindepen­
dently control which video sourceis beingtransmitted to
the other party. These controls and displays mustbe
designed so that users intuitively understand whatthey
are seeingandwhatthey are sending at anytime.

Anadditional caution is required with multiple
local views. Whenusers are viewing themselves, they
automatically react to the self-view as if it weretheir
reflection in a mirror. Usershave great difficulty adapt­
ingto a non-mirrored image ofthemselves, because they
must relearnfirmly established eye-body coordination
habits. Onthe other hand,local views ofgraphics, text in
a document window, or a VCR picture cannotbe mirror­
imaged; there mustbe a faithful reproduction ofthe
image beingtransmitted. This posessometechnical chal­
lenges. It also suggeststhat control panels be carefully
designed forusability. .

The issue ofhowto present the self-view merges
with that ofvideo control whenvideo communication
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evolves intomultimedia and shared worksystems. The
ultimate video communication device has multiple local
video sourcesthat canbe viewed, the self-view "mirror,"
a VCR, a still video source, a graphicsgenerator, a docu­
ment camera, a camerapointed at a display source (e.g.,
an overhead display), etc. In addition, there are multiple
remotesources, such as the other person's image, the
other person'sgraphics, document camera, etc.There
may be multiple remotesourcesas well, as invideo con­
ferencing. Finally, there maybe a sharedvideo source,
e.g., a common, shared "blackboard" onwhich allparties
to the call mayenter text or drawgraphics.

Onesolution to the multiple local view problem
is to makethe video communication device morelikea
multiple window system, or graphical user interface,
common in computing environments. Multiple views of
local and remoteimages could appearin separatewin­
dows, eachwindow bearinga label indicating its origin,
which is whatthe AT&T/NCR Personal Video System
Model 70does.Here, the visual communication device
mergeswith the multimedia computer. However, this is
not the only way to dealwith the complexity ofthe multi­
pleview problem. For example, in NIT's Clearlsoard'"
prototype, a video linkbetween two or morepeople is
supplemented bya common "blackboard" on which all
conferees candraw. The video views, however, are full­
screen,andusers can drawon a liquid crystal screen on
topofthe image ofthe other party. Thus, two people are
having a conversation, andmaking eyecontact, with a
"transparent glassblackboard" between them.

Camera Control. In live, face-to-face conversa­
tion, a speaker'scontrol ofhis or her view is natural and
automatic, mediated bythe muscles ofthe neckand
eyes. Whenface-to-face conversation is simulated overa
video link, the naturalness ofthe user's control overhis
or her own view ofthe other person(s) is lost. The basic
unnaturalness is that other partiescancontrol yourview
usingtheir cameras. Mostvideo conferencing systems
provide remotecontrols for the other camera. Suchcon­
trols need to be designed so that their operation is intui­
tive. The layout ofcontrols, e.g., arrows, should take the
perspective ofthe user looking at the other party, not the
camera'sperspective.

Delay and Lip Sync. Video compression promises
to makevideo,communication affordable, and therefore a
viable commercial enterprise. However, in addition to
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degradation ofpicture and motion quality, video com­
pression also delays transmission ofthe picture. Delays
canrangebetween 250 and 500 ms,depending onthe
relative adjustment between level ofpicture quality and
delay engineered intothe videocoder/decoder (codec).
Given the video delay, lipsyncwould be destroyed
unlessthe audio is also delayed. Thus,video delays
averaging 300 ms accompanied bydeliberate audio delay
are common invideo compression systems. Such delays
are readily apparent if a live picture anda delayed picture
are presentedside-by-side, or if a delayed self-view is
presentedto the user.

Butdelays are difficult forinexperienced
users to detectwhenviewing a personover a remote
link. Whatusers can detect, however, is an aberration in
the normal flow ofconversation. This is similar to the
problems people encounterin a voice conversation over
a satellite link: the other partyappears to be unusually
slow to respondin the tum-taking ofconversation. This
cancause users to interrupt, breaking the flow ofcon­
versation. Interestingly, users tend to attribute the delay
to the personand not to the communication link. This
maychangewith experience. Because enhanced per­
sonalcontact is one ofthe principal advantages of
usingvideo, this phenomena could be particularly wor­
risome. Ascodec technology advances, delays may be
decreased to the pointwherepeople will notperceive
them. Meanwhile, weneed to know moreaboutusers'
reactions to audio andvideo delays; wealso mustbe
aware ofthe tradeoff between allowing this delay to
interruptconversation, versusdestroying lipsyncto
eliminate audio delay.

The Physical Environment. Oneofthe mostdifficult
factors to control is the physical environment inwhich
users place their video telephone. This is a problem for
personal video telephones and portable video conferenc­
ingsystems. The designers ofthe personal andportable
video systemhavelittle or no control overlighting and
other environmental conditions inwhich the video tele­
phoneoperates. Yetthe physical environment canhave a
profound effect on the perceived operation ofthe video
telephone. Lighting problems can causea complete fail­
ure ofthe systemfrom the user's pointofview. The pic­
ture maybe dark,purely becauseoflighting, yet the user
has no indication that lighting is the problem. The user
mayblame the condition on hardware failure, or onmis-



handling ofthe controls. Usersmust be informed about
possible problems in the environment, andvideo tele­
phone design must, if possible, mitigate these problems.

Future Directions
First,wemust havea firmunderstanding ofuser

needsforvisual communication. Only then canwethink
aboutthe products and services that will servethose
needsin the future.

Asymmetrical, or one-way, services such as
television are appropriate whenonewants to see but
notbe seen.Television doesnot allow the user to select
the content, other than changing the channels. It is not
personal. It doesnot do a goodjobofdelivering content
thatwill appeal to only a few viewers. Personal video­
phones and high-bandwidth services of128 kb/s, 384

... we must have
afirm understanding

ofuser needs
for visual communication

kb/s, or 1.5 Mb/s could offer contenttailored to indivi­
dual needs. In the future, "video-on-demand" will allow
customers to retrieve everyvideo recording evermade,
and "news-en-demand" will presentvideo clips from the
most recentnewsevents. Oneofthe biggestapplica­
tions forasymmetrical services mightbe anytime, any­
where education and training. Equipment to support
theseservices would requirelarge screens,goodqual­
ity audio, and upstream signaling, which allows the
viewer to request and interactwithprogramming.

Person-to-person calling canuse smaller
screens, simple cameras, and handsets. Group-to-group
calling requireslarger screens,camerasthat panand
zoom, andhigh-quality speakerphones. In both cases,
customers wanta service that gets as closeas possible
tothe spontaneity, clarity, andwarmth offace-to-face
interactions.

Basic video calls will be madefrom one location
toanother. However, customers will eventually wantone
video callto be connected to several locations. Ona
multipoint voice call, the voices canbe combined, but on
amultipoint video call, other approaches are necessary,

forexample, splitting eachviewer's screeninto pictures
from two or more remotesites,sending the picture of
the currenttalker to each site,and so on.

Some applications will not requiremotion. For
example, a catalog shopping service will requireonly
high-resolution still-frame images. Otherswill emphasize
smooth motion, sacrificing high-resolution imaging, as in
a movie delivery service. Still other applications will allow
the user to alternate between a still image mode anda
motion mode. Business conferencing systems may be
one such example.

Avariety ofproducts and services will be
requiredto serve these diverse needs. Eachwill havedif­
ferentdesign constraints. Atthe sametime, the user
should be ableto move effortlessly from onevideo prod­
uct to anotherandfrom onevideo service to another.
Usershavecomplained that although computer com­
panies mayhavebroughthigh-speed information pro­
cessingto the consumer, they have delivered products
that are difficult to learnand remember, inconsistent,
and non-intuitive. The humanfactors engineers who are
designing futurevideo products and services will have
to workhard to makethem as usable as common,
everyday voice telephony.
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