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ABSTRACT.

The thesis reports the results of a study of how a video- .
telephone may affect the perception and use of many of the non-
vorbal cucs tha

In most of the experiments described, two types of video image
were used, namely a high definition moncchrome image and a simple
cartoon image. An experiment similar to that conducted by Sumby
and Pollack showed that the cartoon image wz<s al&ost as good as
the high definition monochrome image for lip reading. The results
of an experiment on the perception of direction of gaze were used
to decide the relative positions of the camerz and vidse monitors
within the laboratory videotelephone experiment. Two exploratory
experiments were performed to investigate (1) the apparent proximity
of a facial image on a monitor screen, (2) the relative utility of

different ty;.s of video iwage for the recogniticn of a person's face.

Video-*tape recordings were made of subjects conversing over tne
laboratery videotelephone link and these recordings were later
analysed in corder to investigate the subjects' looking and speech
behaviour. It was found that the trype of video image had negligible
effect on the conversants' looking or speech behaviour, whereas the
level of noise added to the audio channel and the method used to
stimulate conversation had a significant effect ocn many OE‘the
different behavioural measuvreo. The measured amount cf eye-contact
was found to be significantly greater than that predicﬁed by a
simple probahlistic mcdel of looking behaviour. This indicated that
a videvtelephone user's direction of gaze was directly influenced by

the direction of gaze of the other conversant.
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GENERAL NOTES.

Abbreviations. -
d.f. ~ degrees of freedom

F - Snedecor's variance ratio

MSA -~ mean square of factor A

P - probability of null-hypothesis being confirmed

R.M.S. = root mean square

SSA - sum of squares relating to factor .

t - as in Student's t test

- sum of the ranks with the less frequent sign in
the Wilcoxon matched-pairs signed-ranks test
X -~ transform of X

Results.presented graphically.

In chapters &4 to 7, many experimental resvlts are shown
graphically. In certain figures, lines are drawn through points
representing related measurements. These lines have been intro-
duced solely to clarify this connection and they do not represent

the result of curve-fitting operations.

Where an experimental point represents the mean X of a
number of independent observations, the variations of these
measurements is indicated by a line between the limits ¥ +3,

where § is the standard error of the mean.
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Chapter 1

Introduction

The introduction considers some of the possible advantages of
a videotelephone system, It also reviews some ol the published
experiments that have been performed to investigate the relative
effectiveness of different modes of communication. This is followed
by a brief resumé of the objectives and extent of the author's field
of study. The chapter ends with a summary and preview of later
chapters. : .

e —— e
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l.l The possible advantages of a videotelephoune systedm

For several years people have realised that in many circumstances
the telephone is not as satisfactory as a face-to-face meeting, and
the main reason for this has often been 2ssumed to be the lack of a
visual channels Not long after Bell's invention of the telephone
in 1875, there were many proposals for methods of 'distant vision'.
Since then, many science fiction novels and films have included
the idea of a system enabling persons tc see as well as to talk to
each other, i.e., a videotelephone. There seems to have grown a
widespread belief by members of the lay public, us well as some
engineers, that 1 videotelephone would have many advantages over

a normal telephone.

The first working demonstration of a videotelephone liﬁk
was in 1927, when a two way audio and visual communication link
was set up between New York and Washington (IVES, 1927). This, and
later demonstration models of the videotelephone, were impracticable
because they required bulky terminal equipment, as well as special
1llumination of the users., However, present technology, particularly
in the field of camera tubes (BUCK, 1968) and semiconductors, now
make it possible to produce unobtrusive, robust and reliable terminal
equipment, which operates without the need for special»lighting.
In America, Bell Laboratories have already devel.ped a videotelephone,
named Picturephone Mod II, and have given it extensi?e field trials.
Many other national or commercial telecommunicatinn organizations -
have developed, or are developing, various forms of videotelephone,
Although the many different forms of videotelephone that have been
developed have very different image formats and video signalling

parameters, they all have one factor in common, and that is that
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they all regquire a very large handwidth for the transmission of the

<

ideo signal, compared to the audic signal, Typically, the video
th

e

]
e

nal roguirec 100 — 300 times the chennel bendwidth used by the sndin

o
o

5 the cost of transmission

7]

ignal, This, of course greatly increas

nd the question arises as to vhat is gained from using the video

Q

channel at this increased cost.

Many different advanteges have been claimed for the videotelephone.
It has been suggested that the videotelephone would be a good subctitute
for many of the meetings that now take place for reasons of business, *
administration, sales, etc; thus, in the future there would be 'video
executive board meetings' (HEALY, 19¢8).  Lf the introduction of the
videotelenhone did obviate much of the need for travelling to meetings,
it could bring about immense social changes by allowing the de-centralizatio
of office locations. The Electronic Industries Association, in America,
have estimated that by 1980 the introduction of videotelephones will
9

produce a saving of £ 6 x 10” per anrum on domestic air travel, and

g 6x 10% on hishways, as well as other appreéiable savings in police
protection, pesial costs and recreational costs, producing a total saving

of 8 50 x 10° per annum (SODCLSKI, 1949). Even if these estimates were
correct, they do not indicate that there would bte any reduction in the
amount of travelling to meetings, 23 with the iantroduction of videatelephone

users may simply attempt to participate in many more meetings.

Many of tre c¢laims for the advantages of the videotelephone might
be modified if there was a greater understanding of the essential
differerces betieen face-to-face meetines and telephone convarsations.
Naturally, the telephone {snd also the videateleohone) will not pe-mit
the various forms of tactile communication hehaviour that exist in face-
{o-face encounters (e.g. shaking hands, kissing), but this form of -~
behaviour is not so frequent in Western cultures, as in some African and
Asian societies, Alsc, there are important social uifflerences between
face-to-face meetings and telephone corversations. Because a face-to-

face meeting may have been arranged in advance to take place at some
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mutually convenient time, and may also involve one or more participants

in the evvenditure of time 2nd money in visiting the other, such 2
meeting will be regarded as more serious and the participants more
committed, In contrast, the televhone is something that intrudes at
inopportune moments; it is used for brief enquiries; and does not
require much effort from the user (REID, 1970). Another advantage of
the face-to-face meeting over a telephone conversation is that a visitor
will be sbhle to judge the importance or séatus of the person he is
visitir;g. For example, a visitor msy be shown into a waiting room by
a secretary, thus giving an indication of the status of the person he

is visiting. A visitor may also infer certain personal attributes

about his host from his surroundings (e.g. untidiness).

Although the videotelevhone will not be a2ble to provide the user
with all the information that is available from a face~to-~-face meeting,
it will provide him with more infnrmation than dces the telephone,

The problem, then, is to evaluate this information. One direct approach
is to compare the effectiveness of interactions using the videotelevhone
with the effectivensss of telephone conversstions, For example, it
would be useful to study the relative ability of persons using a video-
telephone as against a normal telephone, to tell truth from lies, to

comprehend information aund to produce acceptable, nesotiated settlements.

Before embarking on exveriments to compare videotelephones and
normal telephonec, it would be worth studying similsr experiments that
have been performed already to compare the relative effectiveness of
face~to-face meetings and audio-only communication., The following

section contains a brief review of such experiments.
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1.2 EBfTectiverass of difTerent modes of commmication,

Iefore studying the relative effectiveness of modes of commun

e

c
which dn and dn not allow visusl ecommomication; one micht consider the

function which non~verbal cues mzy serve in a social interaction.

Non-verbal signals may simply be used as an adjunct to the verbal
signal, or they may be a necessary qualification to the verbal utterance,
ARGYLE (196A9) smogests that there are six main ways that non-verbal

g
cues are used in face-to~face meetings. These are as follows:

1) Mutual attention and responsiveness, During a conversstion,'there
must be a continuous evidence that each is attending to and corresponding
to the other!. The main non~-verhal cues used for this are direction of
gaze, head nods, and gestural recinrocity, Although a vnerson may be
aware of these cues emitted by the other person, he may not realize what

signals he is sending himself,

2) Channel control. Direction of gaze and head nods are used in
determining who shell speak and for how long. Interactors are not

usually aware of sending or receiving these cues.

%) Interpersonal attitudes, Attitudos, or intentions of threat and
sexual desire etc,, are often indicated by svatial proximity, vosture,
and tone of voicej such cues are often very imvortant, as attitudes

may not be apparent in polite or carefully controlled verbal messages,

L) Tllustration. Sveech may be accommznied by movements of the
hands which are used to iilustvate what is heing said .or for pointing to

objects,

5) Feedhack. So that a verson may plan his next utterance, he needs
to know how his utterances are received, e.g. to se~ if the other is
surprised, agrees, is annoyed, or understands, The information is mainly

obtained by studying the other's face,

£) Emblems, This is the name given to arbitary gestures, which are
used in place of words, e.g. head shaking. They are often used in

circumstances where normal speech if difficult.
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Argyle goes on to suggest that one of the main differences between
verbal and non-verbal communication is that verbal eignals are most
useful for discussing objects, person's absent and abstract ideas,
whereas non-verbal cue. are better for communicating 'emotions,
interpersonal attitudes and other aspects of the immediate interactioni.
Thus, if the purpose of the conversation is only to obtain some form
of factual information or data, it would be expected that a face-to-
face meeting would have little advantage over a telephone conversation.
This fact has been demonstrated with an experiment by the Joint Unit for
Planning Research, (REID, 1970), who showed that subjects were able to
understand the salient points of a business letter just as well when the
letter was read to them over a telephone, as when the reader was clearly

visible.

It would be expected, therefore, that face-to-face meetings (and
by implication the videotelephone) would have an advantage over the
telephone vhen it was important thatthe conversants be able to guage
each other's attitudes or reactions to certain proposals, However,
even in these circumstances, the telephone is not drastically inferior,
as many non-verbal cues, such as the pitch or stress of the speaker's

voice,may often be sufficient to indicate his attitudes cr reactioms.

Because of this, it is not surprising that the few experiments
performed to compare face-to-face conversations with those where the
conversants could not see each other, have found little différence in
the subject's communication behaviour or in the relative effectiveness
of the two modes of communication. For example, COOK (1970) compared
the behaviour of suljects who conversed face-to-face with tnat of
subjects who coaversed via a michrophone/loudspeaker system.  Apart
from the utterances being shorter and there being fewer interruptions in the
no-vision condition, the mode of communication produced no significant\
differences in the number of 'filled pauses' (e.g. "ums" and “ers"),
the number of atteation signals (e.g. "mm'', "yes"), the speech rate or
the feeling of comfort as indicated by a subjective rating scale.
ARGYLE, LALLJEE and COOK (1968) performed a series of experiments to

compare conversations under conditions of varying visibility. (The
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visibility was altered by conversants wearing either dark glasses,

face or body masks, or being separated by one way, or opaque, SCreens.)
I¥ was shown that subjects found no Jifficulty in interacting if the
visibility was reduced symmetrically (e.g. both wore dark glasses or
both wore masks) but subjects did find difficulty in reacting,4and

felt less comfortable, if one conversant could see more of the other

conversant than the other could see of him.

Two exploratory experiments which are particularly interesiing were
carried out by the Joint Urit for Planning Research (REID, 1970). In
the first expeiiment, subjects were asked to assess the suitability of
a candidate for a travel scholarship. Eleven subjects interviewed a
confederate face to face, and another eleven interviewed him by telephone,
The subjects had to iudge the confederate on twelve different rating
scales (e.g. mature/immature, reliable/unreliable etc.). It was found
that for each of the twelve rating scales there was no significant
difference in either the mean or variance for judgements from the face-
to-face interviews and those from the telephone interviews. However,
the face-to-face interviews had a significantly higher confidence in
their judgements. The second experiment was concerned with a persoa's
ability to tell if another is lying, when he can and cannot see the
other person. The experimental prccedure wos to instruct a person to
speak for approximately five minutes about his recollections of schecol

or college duys. The five minutes of speech were broken into ten 20
second periods in some prearranged order, (When lying, the speaker-

had to describe himself as a more successful student than he was in
reality.) Two other subjects, who were listening, had to judge which
of the periods were lies and which were truth. Ore of thc subjects
listening, sat at the opposite side of a table to the speaker, vhile
the other sat in another room and listened via a loudspeaker. There -~
was no significant difference in the ability to judge truth or lies‘by
the subjects who couid see the speaker and by those who could mnot.

But again, the subjects who could see the speaker were significantly
more confident of their judgements, and in this partucular case, it was

obviously an unjustified confidence,
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It is possible, therefore, that for certain types cf interaction
a person may have an unjustified coniidence in some decisions or
judgements made during a videotelephone conversation, compared with
similar judgements made during a normal telephone conversatioh._
In consequence, care must be taken when assessing subjects! (or users')
Judgements, as to the relative merits of videotelephones and normal

telephones,

In the zuthor's knowledge there has beén only one experiment that
has directly demonstrated a difference between communicating face-to-
face and communicating via audio links., In this experiment by
MORLEY and STEPHENSON (1969), pairs of subjects were used to simulate
a wage negotiation using face-to-face communication and via a telephone
system. TFor each pair of subjects, one was cast in the role of
management representative and the other as a union representative. Both
subjects were given explicit instructions as to what would be acceptable
wage settlements for the sides thal they each represenfed, as well as
general background information on the simulated dispute. It was found
that the management, which had the stronger case, won more negotiating
victories via the telephone, than face to face. Mecrley and Stephenson
argued that their findings are due to the difference in formality
associated with the two modes of communicaticn. Thus, nsing the more
formal mode of ccmmunication (the telephone) there is more emphasis on
the inter-party communication, whereas face-to-face allows gzreater emphasis

on the more human, interpersonal communication. R

The above experiment is zimilar to one by SMITH (1969) who compared
the different omtcomes of negotiations carried out by pairs of subjects
face-to-face with those where the subjects were limited to writtem . -
communication only. Each subject was cast in either role of plaintiff's
attorney, or defence council, in a suit by an individual against a drug
company. The results showed that therc was a greatcr dispersion of
settlements under the face-to~face negotiation, and it was argued that
this was due to a 'successful attorney' being able o push the settlement

further in his preferred direction when face~to~-face, compared to when
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restricted to written communicatinn only. A questionnaire was
given to the subjects in order Lo delermine their satisfaction

with the settlement that they obtained. No difference in
satisfaction was found between the two modes of communication.

This experiment was therefore, an example of where an expanded
opportunity for communication did not bring greater satisfaction
with the agreed terms for a negotiation, and one may conjecture that
there are other forms of interaction where an expanded opportunity
for communication (i.e. videotelephone versus telephone) would not

necessarily hring about greater satisfaction.

Nore of the experiments referred to in this section dealt with
face-to~face meetings where the participants needed to study jointly
detailed diagrams or documents. Naturally, in these circumstances
face-to~face meetings are superior to telephone conversations,
Unfortunately, it is unlikely that the videotelephone will be of any
advantage over the telephone in these circumstances, as the spatial
resolution of the videotelephone that will be available in the near

future is not ericugh to allow documents to be easily read.

It would be wrong to automatically conclude from the experiments
mentioned in this section that there was very little difference in the
effectiveness of face-to-face meetings and relephone conversations,,as
all that the exveriments may demonstrate is that the simple measures
and experimental »rocedures that have been used to date are inadequate

for comparing two very complex forms of social intcraction.

Some of the questions as to the effectiveness of videotelephones
may be best answered by simple field trials. Ideally, such field trials
should study as carefully as possible any change in a person's overall
communication behaviour, (i.e. travelling, letter writing and telephoning),
when able to use a videotelephone; ard the field trials should mot rely
just on the user®s subjective opinions of the videotelephone system.
Thie of course does not mean that the user's subjective opinions should
be ignored, as they are very important to organizations who are promoting

or selling videotelephone systens.

4.
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We may conclude, therefore, that it may be difficult to demonstrate
in the laboratory any improved effectiveness of communicating via a
videotelephone compared to communication via the normal telephone, but
that a difference may be demonstrated by using field trials. - When
this data on the relative effectiveness is available, planners will
be able tc moke more realistic estimates of what influence the
introduction of the videotelephone will have on travelling and location

of office centres.

1.3 The authorés field of study

Yhen conversing over a videotelephone link, it must be assumed
that the couversants will consciously or unconsciously try to use many
of the non~verbal cues, which are normally used in face~to~face meeetings.
It is by allowing the conversants to see each other, and thus enabling
them to use these non-verbal cues, that the videotelephone has any

advantage over the standard telephone.

Non-verbal cues are often utilized during a ccaversation without
wne conversants being aware that they are using them, " The use of non-
verbal cues may be considered a social skill (and as such, may be imprqyed
by training, (ARGYLE, 1969)). If a videotelephone is to allow the
conversants to employ their communication skills to their full potential
then the videotelaphone should allow the use of as wide a range of non-
verbal signals as possitle; and introduce as little distortion as possible

into the perception of these cues.
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The research work reported in this thesis was undertaken with
the object of studying how = videotelephone may affect the perception
and use of some of the cues that are often used in face-to-~face p
meetings. The resulis of some of the experiments may prove useful
to engineers who are concerned with the 'human factors' aspects of
videotelephone design. The results, and zlso the method used to record
the conversants?! behaviour, may also prove useful to the many
psychologiste engased in studying the usc of non-verbal cues in a social

04

interaction.

Before embarking on the series of experiments described in this
thesis, it was necessary to know the non~verbal cues that are used in
face~to~face meetings. Fortunately, there already exists a body of
relevant work, which is specifically about the role of visual signals
(i.e. non-verbal cues) that are used in social interactions. Much of
the research that has been carried out was motivated by the desire to make
certain social interactions more effective, and the results have been
used in the training of professional social skills such as interviewing,
teaching or supervision. Other research has becn done by psychiatrists,
wvho are interested in abnormal communication behaviour in social

interactions.

Some of the visual signals that are used in social interacticns
are facial expressions, posture, gesture and direction of gaze, as well
as the relative proximity and orientation that people choose, Chapter 2

contains a review of the literature on these non-verbal cues,

The author has limited himself to studying the enhancement of
telephone conversations for two person interactions (dyadic interactions.)
For example, during the experiments performed to investigate the
perception of direction of gaze, only one facial image appeared on the
video monitor screea. However, many of the conclusions drawn from the
results of these experiments are applicable to video systems designed to

allow more than two persons to see each cther,
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It would haove been interesting to study how varying the many
different picture parameters of a videotclephone would influence the
usar's perception and use of non-verbal cues. The results of such
a study may have some bearing on the choice or picture parameters for
commercial videotelephone systems. Such a study is beyond the scope
of this thesis, and because of the high cest of variable parameter two
way video systems, this type of study may only be carried out by
comparitively large organizations, The author limited himself to using
only two fypesof video image, namely a high fidelity 625 line monochrome
image and a very simple 'cartoon'! image. (The reason for choosing these

two types of image are given in section 3.6).

""Some organizations have performed subjective tests on videotelephones,
which are exactly similar to the type of subjective tests used for
studying broadcast television images., However, if the videotelephone
i8 simply assumed to be a 'television' iuage sdded to a telephone channel,
then erroneous conclusions may be reached as to the optimum choice of
picture parameters. Thus, if the type of test is restricted to subjects
observing video images, which have different picture parameters or
impairments added, it wmay be concluded that a narrow picture format would
be advantageous as it would eliminate unnecessary background, (ALLNATT,
1968). However, if a narrow picture format is chosen the videotelephone
user is much more likely to move out of the field of view of the camera.
Therefore, when choosing such parameters, it is essential to have subjects
conversing over a link, so that the amount of body movement may be. taken.-

into account, (see sections 3.4 and 3.5.)

o stress this point further, an anology may be méde with the
methods used for studying the impairments encountered on telephone
circuits. When studying the effects of these impairments, they are often
classified into talking effects, listening effects and conversational
effects, (RICHARD3 and HUTTER, 1968). In particular, the type of test
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used by telephone engineers to study listening effects may be thought
of ac tests analegeus to those unged by television engineers to study
the impairment or changes in picture parameters of broadcast video
images. oJust as telephone engineers have not limited themselves to
listening tests, so should the videotelephone engineers not limit

themselves to viewing tests.

1.4 Contribution of this thesis.

The purpose of this short section is to indicate precisely the

original work that is reported in this thesis,

The experiments concerned with the per-cption of direction of gaze,
(section 4.1), and with lip reading, (section 5.1), are modifications of
published experiments. In the original published experiments, the stim-
ulus was a person who could be directly observed. The originality of the
author's experiments is that the stimulus source was a facial image on a
video monitor‘screem. Furthermore, some of the video images in the lip

reading experiment were of a novel form.

The exploratory experiment described in chapter 6, thch dealt with
the perception of faclal images, used an established technique for
comparing the perception of visual forws; however, thié technique has not
been used before in conjunction with facial images. The second experiggnt
described in chapter 6, which is concerned with the apparent proximity of

a video image, is to the author's knowledge completely original.

In the experiments in which subjects converse over a video link,
(see chapter 7), many of the measures used e.g. duration of locking and
eye contact etc., and the method used for stimulating conversation are
the same as those used in published experiments, which have investigated

aon~verbal behaviour iu face-jv-face interactions, Again, ihe
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origirality of the author's experiments was the measurement of subjects!
looking and speech bebavienr wyhile they were conversing over a video
link. Mr. B.G. Champness suggested comparing the chance and measured
amounts of eye centact but the author further developed the probablistic

model used for estimating the duration of chancec eys contact.
In many of the experiments reported in this thesis cartoon images

were used. The suggestion for using this type of image came from

the anthor's supervisor, Professor E.C. Cherry.

1.5 Summary and prcview of later chapters.

Chapter 2 reviews some of the literature that has been published
on conversation and nou-verbal cues. Emphasis has been given to those

non-verbal cues used in face-to-face meetings, which may (or should)

ve available to users of a videotelephone,

Chapter 3 contains a wide-ranging discussion on the video image
that may be used for a videotelephone. The topics covered include
video image coding, the picture paramelters of existing video~-
telephone schewes, picture size and viewing distunce, and the control of
a viewer's movement. Alsc included is a description of the types of video
image used in the author's experiments, and the method of generating

the tcartoon’' image.
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Chapter I+ describes the audio, video and data processing
equipment used in the -uthor's experiments. It also contains an
account of an experiment pecrformed vo investigale the perception of
direction of gaze when using a videotelephone. The results of the
experiment were nsed to determine the most suitable positioning of the

camera, relative to the video monitor in a videotelephone terminal.

Chapter 5 describes an experiment performed to investigate the
usefulness of different forms of video images for lip reading. The
experiment was similar to the frequently cited experiment by Sumby
and Pollack, The chapter also contains a brief review of the literature

on bisensory perception.

Chapter 6 gives an account of two simple exploratory experiments
performed tn investigate: a) the identification of a facial image
using different forms of video images, b) the apparent proximity of

a faciai image on a video monitor screen.

Chapter 7, unlike earlier chapters which deal with the perception
of non-verbal cues, describes three experiments performed to investigate
the use of non-verbal cues during a videotelephone conversation. The
experiments were concerned with the subjects! 'looking’® behaviour! and
some of the simple measurable aspects of their speech behaviour, The
subjects' looking behaviour was analysed to find out whether it was
influenced by the 'looking behaviour' of facial images on the video

monitor screen of the videobtelephone terminal,

Chapter & gives a general summary of the separate conclusions to be

found in many or the different chapters.

_;\S
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Chagter Pa

Verbal and Non-Verbal Signalling

This chapter reviews previous work on conversation and the various
signs that are used in conversation. Emphasis is given to those non-
verbal signs that may be available to a video telephone user. Virtually
all the work reported has been carried out by psychologists or social
psychologists, but an engineer, who is involved with the human factors
aspect of the design of video telephone systems, should be acquainted with
the possible human signalling that may be used with videb teleplones.

He may then consider wha® eifect the various limitations of any particular

video telephone system will have on the communicants.
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2.7 Conversations and Signs

e iy

When two persons are engaged in a conversation they will
communicate with a wide variety of sign activity. In fact, as
CHERRY (1957) points out, there can be no communication without a
system of signs. The problems of the experimenter who is observing
two subjecte ir conversation, is to decide what sign activity is
relevant. An essential prerequisite in solving this problem is to
define a 'sign'. The philosophical question of determining what is
a sign has been answered by the logician, cCharles Sanders Peirce, who
emphasised the triadic nature of the sign situation. Pierce defines
a sign thus:

a sign - is something which stands for something, to somebody,
for something else, in some asnect or capacity
- (See GALLIE, 1952)

This definition demonstrates the triadic nature of a sign situation,

i.e. sign, »tanding for object, to interpretant. A logical consequence
of the definition is that every sign requires another sign to interpret
it, and that every sign has the potential of evoking an endless series

of further interprant signs.

Thus, in a conversation, a non-verbal signal is any variation in
one communicant?s performance which the other person intervrets as a.
sign. The persmon emitting the sign may do so intentionally or
unintentionally, and may or may not be aware of emitting a sign, For
example, a participant in a conversation may drum his fingers on a desk
top, and the other person may interpret this as a sign of the other's
impatience. The person drumming his fingers may not do so intentiorally

and may not be aware that he is doing it.
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NEWCOMB (1953) proposed that the simplest possible communication
act may be deseribed in terms of his A, B, X system (Sce Figu;o,2.1.),
where A trensmits information to another person, B, about something, X,
The arrows in the figures represent attitudes (or orientations) towards
the perceptual object at the arrow head. Newcomb also proposed that

communicative acts usually result in incraeased symmetry.

An intereaction between two persons may be of a very complex
nature and ine constraints upon the participants' behaviouwr may
change from one moment to the next. The interaction may range from
a casual exchange of pleasanteries to a very intense intellectual
discussion, Two persons engaged in a conversatiua may have different
or even conflicting motives for doing so, yet they will try to establish
a 'working consensus' during their interaction (GOFFMAN, 1956). Many
different theories have heen used to account for the pattern of
behaviour during an interaction between two people. One such is game
theory, which analyses interaction in terms of their outcomes
(BOSTRUM, 1948 ). It is,of course, extremely difficult to use
mathematical models for such a complex form of behaviour as a conveirsation.
The problem of describing types of interaction has been tackled by
BALES (1950), who used 12 categories of verbal utterances, although

non-verbal signals were taken into account.

Throughout this thesis, only conversations where the speakers
interact will be considered; 1i.e. where one per<on's utterance acts
as a stimulus, eliciting a response from the other person, which in

itself then becomes a stimulus. -

X
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2.2, Veroal and Non-Verbal Signs

When two psople are engaged in conversation, both verbal and
non-verval siguns are used. By definition, verbal signs are bhased
on phonetics and often have a written form; all other signs are
classified as noan-verbal. Non-verbal cues have a variety of
different uses in face-to-face meetings. ARGYLE (1959) suggests
that there are =ix main ways that they are used, and these are given

in section 1.2

RUESCH (1$566) has listed many of the similaritics and differences
between verbal mnd non~verbal codification and spatiotemporal
characteristics. In certain circumstances, it may be much easier,
or even mandatoxry, for a person to indicate his intentions with non-
verbal signs, as opposed to verbal signs. For iastance, GOFFMAN (1959),
mentions ver»al taboos ~ thus, a person may not say "I am bored with
this conversation, I wish to terminate it", but may indicatec this by
various gestures., ARGYLE et al (1570) showed subjects a video
recording of a confederate whc read three different passages in three
different tones of Qoice and accompanying facial expressions, indicative
of superior, neutral and inferior attitudes. The verbal content of
these passages wss also arranged to be superior, neutral and inferior.
Subjects were asked to rate the various parts of the recording on
superior-infericr and hostile-friendly scales., The results shcwed

that the non-vertval cues had much more impact than the verbal ones.

Another diiference between verbal and non-verbal signals is the ._
level to which they commit a person in an interaction. Because a

verbal utterance has the possibility of being written down, and thus

e R R PR S —
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recorded, care must br taken over utterances in certain situations;

it is not possible to 'unsay'! an ubtierance. It is much easier to

dispute the interpretation of many ambigious non-verbal signals.

DAVITZ (1964) asked subjects to both recognise the emotional
meaning of utlterance and to express various emotions, while reading
neutral passages. The results indicated that there are large
individual variations of emotional sensitivity, and that persons who
could recogais~ emotions well were also better able to express them;

a person who is accurate in identifying the emotional meaning of vocal

expressions also tends to be accurate in identifying facial expressions.

The following sections in this chapter review the literature on
the non-verbal signs which are made pessible by the addition of a
visual channel to the normal telephone channel, and also on any
possibie changes in tne forms of speech usel.  Specifically, the
sections are devoted to kinesics, facial expression, direction of gaze,
proximity, posture and orientation, physical appearance, and speech,
Because of the mature of the visual teiephone, tactile communication,
such as the shaking of hands, will not be considered; neither will
abnormal human sign activity be considered., An extensive review of
non-verbal and verbal signals has been carried out by VINE (1970).
In his review, both human and subhuman signalling is covered, as well

as normal and abnormal sign behaviour in humans.



%

2.3 Kinesics
\

The term kinesics was Tirst introduced by BIRDWHISTELL (1952) )
to cover the study of visible Lody molions; he also invented a |
notational system for recording minute fecial and postural
movements. BIRDWHISTELL, (196C) introduced three different levels
for the study of kinesics ~ prekinesics, dealing with the physiological
basis of body mction; micro-kinesics, desling with the derivation of kines
(the least particles of isolatalle body motion); and social kinsesics, \
vhich deals with the function of these clements in communicaticn. For
example, e found that subjects could descriminate eleven positicns of
eye 1id closure, buv only four vith differeantial meacing. Fe zlso
considered that no bedy moticn is meaningless as it will always huve

significance at one or more aznalybic levels as part of a structured

In conversations, speech is tyrically accompanied by kinesgic
markers BIRTWHISIELL (1966). These kinesic markers are synchronized
with the vocal behaviour and may emphasise or modify the vocal \
constructions, or indicate the context oI the message situation. .
For exemple, a 'pluralizstion marker' might be a sweep of the hsad
coinciding with the utterance of "you'", when a person is addressing
more than one person. Many such gestures are meaningless, or at
best ambiguous, by themselves; they only vecome meaningful when the

context is given or when they are =zccompznied by some utterance.

SCHEFLEN (1963) analysed films of a vsychotheravist interview-
ing pestients for kimesic, postural and linguistic bchaviour, He
found that patterns of behaviour were important and not isolated events.
He later found that non-verbal behaviour had a hierarchical arrancement
(SCHEFLEN 1964). The three levels of this hierarchical structure
were -~ the point, position and presentation. The smallest unit, the
point would typically be a shift of the head and this would be held
for a few sentences; the next largest unit, position, is a gross
postural position and this indicates the contribution that each
individual is making in the group, e.g. sitting back in a chalir;
whereas, the presentation was the totality of one verson's vosition,

such as leaving the room.
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2.4k, Facial Expression

Some of the first work on facial expression was done by BELL (1806)
vho performed basic analysis of the facial musculature.,  DARWIN (1872)
studied the facial expressions in both man and animal. Darwin regarded
facial signals as primzrily of ab emotional and involuntary kind i.e.
emotional expression is inate and reflects the biological structure of
the autonomic system - producing baring of the teeth, weeping, etc.
The evidence that he used to support this argument was that other races used
similar expressions (evidence ootained by correspondence with Europeans
in contact with aboriginal races) and, thal animels also had similar

facial expressions.

Mead criticized Darwin by pointing out that animals do not undertake
to express their emotions for the benefit of olher animals (MEAD 1934).
Similarly, human facial gestures need not express the content of the

individuval's mind,

A great deal of work has been done on the recognition of facial
expressions. One of the problems in this field was that many authors
assumed that there were standard expressions for 'fear'y, 'Joy' etc., and
even complex emotions such as 'pity'. Thus, agreement among judges
varied tremendously and vexried for different expressions., A review of
the early work in this field was done by WOODWORTH (1938). He alsc
suggested that facial expressions should b2 ranked in order of similarity
into six groups, or scale steps: '

1) love, mirth, happy, <2) surprise, 3) fear, suffering,
4) anger, determination, 5) disgust, 6) contempt.

SCHLOSBERG (1952) developed Woodworth's linear scale into a circular
scale. He found thst the most satisfactory categorization of facial
expressions wes in terms of two independent dimensions, labelled

pleasantness - unpleasantness, and attention ~ rejection. The average
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error in his recognition experiments was approximately one half of

a scale step. TLaeter, (SCHLOSBERG 1954) a third indeperdent dimension

of activation was added which ranged from sleep to .ension. 0SGOOD (1966}
also found three similar dimensions - Pleasantness, Activation, and
Control; =nd by means of cluster analysis, suggested that there are

7 = 10 bhasic regions.

Much of the early work on facial expressions used photograpns as a
stimulus source. 'T'hese photographs of frozen and sometimes exaggerated
facial expressions were very unnatural. FRIJDU (1953) compared cinefilm
strips of 2 - 15 seconds duration with still photographs presented for 10
seconds. It was found that the average mccuracy of recognition improved
by approximately 50 percent when the moving cine image was used compared
with *he photographs, thus showing the importance of dynamic cues in

recognition.,

FRIJDU (1958 & 1959) showed that the context may alter the judgements
of facial expressions. He presented a series of four photographs to
subjects and gave them different descriptions of the situation in which
the photograph had to be judged. The situational cues sometimes led io

quite opposite impressions of the expression in any particular photograph.

More recently, ethologists BRANNIGAN and HUMPHRIES (1969) have
studied facial expressions in young children, They propose that many
of the elements of facial expressions are probably innate, as are many

of the signals of animals -~ an argument the same as Darwvin's.,
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2e5. Direction of Gang

In the following paragraphs 'cye contact' is defincd as mutual
gaze between two persons in the region of the eyes, and 'looking' as

one of the participants in the interaction gazing at the other.

Psychologists first started experiments on the direction of gaze
ten years ago; however, poets and novelisvs such as Shakespeare and
Jean-Paul Sartre were aware of the importance of eye gaze in human
relationships. (See CHAMPNESS 1970). An extensive review and
bibliography of the work on gaze direction is to be found in M, Argyle's
book,"'Social Interaction" (ARGYLE 1969). Gaze direction is an important
non-verbal signal used during conversation. ARGYLE & DEAN (1965)
suggest that eye contact may have the following functions:- to obtain
feedback at the end of an utterance of the other participants reactions,
and also to signal whether the channel is op=a or closed, i.e. 1o help
to synchronize utterances. Also soime people desire to be seen and
eye contact is the proof to them of being seen, Eye contact will
influence the establishment and recognition of social relationshiwvs, thus,

prolonged eye contact may have sexual overtones and cause embarrassment,

KENDON (1967) collected data on eye contact and looking from pairs
of people engaged in conversation, by anaivsing films taken at twn fromes
per second. The general resulis were:~ the participants look at each
other intermittently, usually between 28 - 70% of the time although
variations of G - 100% were recorid:d; these glances vary in length,
normally between 1 - 7 seconds, ‘Vhile participant A is looking at the
other memberyB, of the dysdic interaction B will only look back part
of the time to wroduce eye contact, This eye conuiact is typicully .
10 - 30% of the total time, each cye contact being of short duration
(about 1 second). Als0, there is more looking by the person who is
speaking and the person vho is listening will look at the speaker for
longer periods than he looks away. If A is about to spéak, he will
look away; this is probably to avoid distraction while planning or
organizing his utterance, At the end of a natural phrase, A, the

speaker, looks briefly at B, and at the end of the utterance there will
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be a prolonged gazme. This prolonged gaze is nainly to obtain feedbvack
on the other's resnonse i.c. to see if A still has B's attention or

if he can carry on speaking, The general pattern, therefore, is the
specker lecking away and the listencr looking at the speaker, while at

the end of an utterance there is eye contact.

KENDON & COOK (1969) examined the gaze behaviour of 11 subjects
interacting withh each of 4 other subjects., TFifteen different measures
were analysed e.g. frequency, mean length, and percent of the total
time sfent looking while listening and while talking. Subjects were
found to have consistent gaze and utterance patterns, although with
some of the measures, the identity of the verson with whom they were

interacting did have some effect,

In the two evperiments mentioned above, both subjects in the dyadic
interaction were cbserved for gaze patterns. However, in many of the
early experiments in gaze directions (e.g. ARGYLE & DEAN 1965, EXLINE
et al 1965, EFRAN 1968) only one subject was observed for direction of
gaze, while the other member of the interaction was a confederate who was

instructed to gaze continuously at the other person, see Figure 2.2.
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Figure 2,2 The laboratory arrangements often used for studying
direction of gaze, ( ARGYLE, 1969 ).
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Thus, whenever the genuine subject looked into the confedermate's face
there was eye contact, This leads to a greater amount of eye contact
than would usually be encountered in normal situations. * ELLSWORTH
& CARLSMITH (1958) found that with positive verbsl content, frequent

eye contact produces more positive evaluations of the confederate by the

<t

subjcets {both females), while, willh negative verbai content, frequent
eye contact produces a negative evaluation, Similarly, KLECK & NUESSLE
(1968) showed silent films of a confederate engaged in conversation,

the confederates having either high or low amounts of eye contact (80% or
15%). Subjects judged the high eye contact confederates to be friendly

warmer, pleasant etc,

Many different aspects of the interaction will influence the smount
of locking and eye contact, as well as various personal attributes of the
participants. Four instance ARGYLE & DEAN (1965) found that as the
distance between subjects in a dyadic interaction increased, the amount
of eye contact also increased. Subjects (Sq) sat at 2, 6, and 10 feet
from a confederate (as in Figure 2.2.), who was instructed to gaze
continuously at the subject. The experiment was repeated by GOLDBERG
et al (1969) except that the confederate used a mor~ natural gaze
pehaviour, and again they found an increase in eye contact with iucreased
separation of subject and confederate. Argyle & Dean postulated an
affiliative-conflict theory to account for this change in subject
performance, fowever, STEPHENSON & RUTTER (1970) carried out a similar
experiment, the difference being that a confederate sat in the position
(Sq) normaldly taken by the subject. The confederate carried out a
sequence of gaze behaviour, looking at the subjects eyes, ears and
shoulders. They found that as the separation between the subiect and
-the confederate increased, and hence the distance Letween observer and.
confederate increased, theu observers increasingly recorded the confederate!
gaze, directed at the subject's shoulder and ears, as eye contact.

This shows that the Avgyle and Dean results are possibly due to observer

perrormance and not subject performance,
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Results of some of the other main experiments concerned with
gaze direction may be summarized as thus: Subjects look more at
people they like (EXLINE and WINTERS 1965). When talking in front
of two confederates, a subject will look more at the one with whom
he has previously had a friendly conversatien (EFRAN and BROUGHTON 1966).
Subjects will look more at a confederate who is of apparently higher
status when receiving approval (EFRAN 1968).  Subjects look less
during conversations with embarrassing content (IEXLINE, GRAY and SCHUTTE
1965) . Females engage in more eye contact than meles (FXLINE 1963,
¥/LIIR, GRAY and SCHUTTE 1965, KENDON and COOK 1969). Argyle and
Dean found that thesmount of eye contact depended also on the sex of
the subject's partner; however, Kendon and Cook found interaction
between the sex of the subject and the sex of the pariner., Recipients
of extended looks judged the looker to be more dominant than when
the looker gave brief looks (THAYER 1969). Subjects look less when
they have been implicated in deception and when thov %fe lying. Unless
they scored high on a Machiavelliar rating (EXLINEK19n1), people high
in affiliation motivation (measured by a FIRO questionnaire) look more
in non~-competitive situations than those low in affiliation motivation

(FXLINE 1963, IXLINE, GRAY and SCHUTTE 1965).

STRONGHAN and CHAMPNESS (1968) found that for a group of 10
subjects, the dominance hierarchies were positively related to eye
contact, looking, and looking when uttering. They also made an
interesting comparison between the actusl amount of eye contact and
the amount that wquld be expected if the two members of the dyadic
interaction were just 'looking robots', i.e., the subjects do not
interact and the eye contact just arises from chance, The chance

eye contact from looking robots was calculated from the formula:-

(A's looking time) X (B's looking time)

expected eye contact =

total time

¥ A Machiavellian person enjoys manipulating others for his own
purposes; is artful, cunning, subtle and diplomatic.
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They found that the sctual eye contact measured was between 22% and

110% greater than wonld be exnected from chance robots.  CHAMPHNESS
(1571) has extended the above formula, by taking into account the

amount of time that each momber spends talkirg and the amount of looking
and talking etc, He found that when subjects disagreed strongly, the
amount of looking increased. Thus, if they were 'looking robots', the
amount of eye contact would increasey; but in fact, the measured amount

of eye contact was less, thus demenstrating that the subjects did inter-

act as far as a gaze direction is concerned,

An important aspect of all work on eye contact is of course the
very perception of eye contact. GIBSON and PICK (1963) showed that
people are remarkably sensitive to another's dircction of gaze. A

further discussion on this is to be found in Caavter L,

One of the reasons that gaze direction has been so prominent
in recent literature on non-verbal communication { and in this thesis)
is that compared with facial expressions, posture, ete., it is much

easier to measure and thus more amensple for experimentation.
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2.6. Proximity, Postvre and Crientation

When two persons are engaged in a conversation they will tend
to choose a certain relative orientation and separation, The
particulsr orientation and proximity will depend on the location and

various persenzl atiributec of Lhe cenvernants.

SOMMER (1951) asked pairs of subjects to sit down in a room
which had various seating arrangements, He found that five feet
between subjects (3 feet between chairs) was 2 comfortable distance
for conversation when they were sitving orposite each other. If the
available ‘opposite! chairs were more than 3} feet apart then subjects
preferred to sit side by side.  ARGYLE & DEAN (1965) noticed Guring
an experimen® on the veriztion of 2ys contact with proximity, that
wnen the subject and confederate vere sitting reory close together
(2 feet apart), the subject tried to lean backwards in order to increase
the separation hetween them, whercas, vhen they were 10 feet apart the
subjects al .empted to lean forward in order to decrease the separation.
The proximily that persons choose for comfortable conversation will
depend on the cultural background, WATSON & GRAVES (1966) found that
Arabs tend te sit much closer together than do Americans.  SOMMER (1952)
also pointed out that the proximity that peovle choose will also
depend on the particuvlar meeting place, Seating tends to be closer
in larger rooms or halls than in the more intimate aurroundings of .

smaller roonsS.

SOMMER (1935) also found that the orientation that the subjects
chose depended on the type of interaction. When vairs of subjects

(American) were asked to sit at a rectangular table they tended to -

.
\

sit at opposite sides in competitive situations, side by side in
cooverative sitvations, far apart when coscting, ard together at
the corners during casusl conversation, CCOK (1970) replicated
this experiment with British subjects who were both university and
non-university subjects, He found that the British subjects tended
to sit further apert during cssual conversation than did Scmmer's

Arigrican subjects,  SOMMER (1959) also found that vhen subjecis
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vere ceated around a ractangular table, most interaction occcured
between the adjacent subjects at the corner of the table, The
sitting position that subjects chcose at o table well depend on

the position of the leader of the group, (SOMMER 1961). -

MEHRARTAN (1G48) osked subjects to talk to a hat rack. The
subjects stood closer when they imagined the hat rack to he someone
that they liked, comparcd with someone that they disliked, When
ARGYLEand DEAN (1955} told subjects to stand at a comfortable
conversation distance from a cut out, life sized photograph, they
stood closer if the stimulus photograpvh was of someone with their

eyes shut, compared to eyes open.

Although the literatvure referred to above demonstrates that
subjects prefer tn carry on their conversation at some particular
separation, vrecisely what is signzlled by proximity is not clear.
PORTER, ARGYLE & SAIRER (1970) carried out an experiment in which
three confederates interacted with subjects at distances of 3, 4,
and 8 feet; however, provimity did not account for any significant
variation in any of the 21 rating scales, which the subjects had to

fill in concerning their impressions of the confederates,

It is more certain what is signalled by posture. SARBIN and
HARDYCH (1955) found that subjects made more consistent judgements .
about supposed emotional states from the postures of stick figures.
When anslysing films of grouo thevavy sessions, SCHEFLAN (1945)
showed that the posture that one person takes wiil be affected by
the posture oif the person to whom he is talking.  MEHRABIAN (1968)
found that when addressing an imaginary person whcm they liked or =
disliked, subjects would zdop®t different postures. Mehrabian also
found that when photo;raphs of peovle in various vostural positions

vere uséd as stimuli, subjects judged that relaxation and a forward

lean of trunk comnunicated a more positive attitude.
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When two persons converse by meass of a video telephwone, the
non-verbal cues of proximity and posture may or may not be available.
Thus, if the picture format only allows the face to be seen, these
particular non-verbal signals will not be available. Even if the

format does allow the whole body to be secn, the percestion of
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27 Physical Avvearance

The physical appearance of a person will give the observer an
indication of the person's age, race and social status. The clothes
that people wear (particularly uniforms) often give evidence of the
wearer's occuvnation. Many assumptions that azre made abhont nersonal
attributes [rom pnysical avpearances may have little objective grounds
for reasoning. For instance, THORNTON (1944) asked a group of judgas
to rate confederates who did or did not wear glasses for different
personality traits. Confederates wearing glasses were rated more
intelligent, more industrious,more honest and more devendable than
those who did not. In Thornton's exveriment, the judges only saw the
confederate very briefly. However, ARGYLE and McHENRY (1949) found
similar favourable interpretations of intelligence from judges of -
persons weaiing glasses, but this diminished the longer the judges

looked 2t the wearer or the glasses.

It is not alwvays easy to quickly guess the identity of a person™
speaking on the telcpnone, even if the svesker is well known to the
listener. In video telephones, the addition of the visual channel
will greater facilit~te the identification of the speaker. An
experiment on the type of visual channel needed for the identification

of the caller, is reported in Chapter 6.
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2.8, Speech

The non-verbal wuspects of speech that may convey information
about the speaker's emotional state or attitudes are the pitch, the
stress, the rate of speech, and speech disturbances; these are often

referred to as the voice quality or the tone of voice,

(> L

For exumrle, STARKWEATHER (1955), asked subjects to judge short

v,

recordings of speech for bothaggpessiveness and pleasantness. The
speech recordings were in two forms - the first was a recording of
normal speech, the second was rendered content free by frequency
filteringz (bandpsss 100 -450 Hz)}, It was found that aggressive judge-
ments were as reliable with the content free &peech as with normal speechj
the judgement of pleasantness was less reliable for content free speech.
Subjects were also asked to judge typescripts of the recording, i.e.
content ocnly. Judgements of the typescripts for aggression and
pleasantness were less reliable here, than those of normsl and content
{ree speech. By presenting recordings ol both normal specech and
content free speech to a linguist, trained in transcribing both pitch
and stress in utterances, LIEBERMAN (1965) showed that the perception
of pitch and stress was confounded by the verbal content of the

utterances,

The study of speech disturbances, particularly pauses and inter-
ruptions, would seem fruitful when discussing the comparisons of
modes of svyeech communicatiomns, Thus a communication‘channel that
produces more inte.ruptions and pauses might be deemed as ress satis-
factory, as it may imoly that the synchronizing of the participant's
utterance was more difficult, or that the very perception of the

other's actions or intentions was impaired, )
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Speech disturbances tske maay forms, for instance: stutter,
unnecessary repetition, incomplete sentences, slips of the tongue,
and the frequent inc'usions of ‘ums' anéd 'ers'. The inclusions of
"ums! and 'ers! are usually treabed separabely from other speech
disturbances and are called 'filled pauses'. MACLAY and 0SGOOD (1953)
postulated that filled pauses may be used to keep control of the
conversational ‘balll. The rationale wos that a person has learnt
that in a conversation, if he pauses silently and for long enough,
someone else will take over as the talker, so he will fill his longer
pauses with 'ers', or some other sound, in order to indicate that he
wishes to con®inue speaking., BOOMER (1965) rejects this hypothesis,
pointing out that there are normally more {illed pauses when a person
is asked to rscord a monologuec. Subjects in experiments by KASH
& MARL {1965 uwed more filled pauses when they could not see each
other; COOK £1970) feund no such change, whereas subjects in JAFFEE
& FELDSTERN (1970)'s experiments used a lesser number of filled pauses

when they coul.d not see each other,

ARGYLE, LALIJEE and COOK (1968) found that during a conversation
subjects made more pauses and interruptions when the visual cues
availzble were reduced. COOK (1970} comnared the conversation of
subjects who conversed face to face with those who conversed over a
nichrovhone/loudspeaker system. He found that there were fewer
interruptions, utterances wvere shorter, and that there were more
requests for repeats in the no-~vision condition. Cook suggested that
the unexpected result (more interruotions in the visible conditions)
may be due to the =ubjects being more confident in the placings of
their interruptions, compared with the no-vision condition where they

had to take greater ceare.
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Variation in the rates of spesking are mainly caused by

variation in wnausing (GOLDMAN — ETSLER, 11961 A). Tn an exveriment

by COOK, ARGYLE and LAILJER (1967), subjects engaged in a conversation
said more vhen concealed then when unconcealed, and malcs spoke more
than females. There has been some controversy as te the cause of

the variation in pauses. GOLDMAN — EISLER (1961 B) showed that pauses
occur hefore words of low transitionsl probability; BOOMER (1965)
rejects these findings and demonstrates that the positions of pauses
in an vtterance are related to the grammatical structurec. COOK {(1329)
has reported cn experiments relating pauses to anxiety and speech

disturbances.

In an experiment by MOSCOVICI (1968), it was showm that, compared
with subjects who sat face-to-face, (whether visible or screcned)
subjects who sat vack-to-back or side-by-side spoke in a style that was
more like the written form. This indicated that {le change in style
of speech was due to the relative unfamiliarity of the latter two
positions and mot merely the withdrawal of vision, However, this
experiment was carried out with French subjects and it is, therefore,

not necessarily apovlicable to conversations in English.

then a visual channel is added to a telephone system, both verbal
and uon-verbal signs, used in a rormal telezphone conversabtion, may
alter. COOK (1S¢70), in his experiments on conversetion under différent
conditions of wisibility, hypothesized that there are verbal equivalents
to visual signals, vhicit would be used if the visual channel vere

closed, but he found no evidence of such substitutes,
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Chapter 3

The Visual Image.

This chapter deals with the type of visual image that is
likely to be encountered in videotelephone communication links.
It reviews, briefly, the coding of vidco images and describes
the video image aspects of the main published proposals for
videotelephone systems., There is a discussion on the choice
of picture size, viewing distance, and the important problem
of keeping the wmsers 'on camera'. Finally, it deals with the
types of visual images used fv* the author's experiments, and

how these images were produccd.
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3.1 Visual Communication Channels,

The purpose of an electronic visusl communication channel -
is to provide a viewer with some form of visval representation
of a distant scene. In the case of human communication by
video telephone, the visual representation should be sufficient
to allow each of the participants to recognise the various forms

of non verbal behaviour in the other person.

The complete visual representation of a distant scene would
require not only the three spatial dimensiuns, but also, further
dimensions to represent the visible energy spectra at all points,
thus, ihe binocular view of space would reguire a six~dimensional
vector representation, (SCHREIBER, 1967). Standards for colour
transmission of videotelephones have already veen vroposed (VALENSI, 1969)
and Rell Laboratories have begun research into methods of producing
colour for their Picturephone, (MOLNAR, 1569). However, in the
immediate future, it seems that flat monochrome images will be
used for videotelephones; such an image normally only requires a

scalur representztion,

FANO (1961) vproposed a model of communication systems used
for transmitting information about an analogue source. This
model may be zoplied to visual communication systems; a schematic
diagram of this model is shown in Figure 3.1. The function of the
source encoder (in this model) is to find a representation of the
vieual world which satisfies a certain fidelity criterion. The
fidelity criterion used for broadcast television is that a system -
should produce as an exact reproduction of the original scene as ‘
possible. In other circumstances, 2 different, less stringent
fidelity eriterion may be appropriate. leading to different source
encoders, (PEARSON, 1965). An sppropriate fidelity criterion

for a videot~=lephone visual transmission system might be that
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only the useful, non werbal behaviour of the interactors need

be recognised.

The choice of fidelity criteria for a visual communication

be Znflusnced by rerel factors. One will ve Llhe

=

em will be
cost of various alternatives, Another factor will depend on the
estimation of the customer'!s requirements. Because broadcast
television has been in widnespread use for many years, many potential
videotelephone customers may expect an image of very high quality

for the videotelephone,

It has often been suggested that efficient use would be made
of a visual communication system, if it were 'matched' to the
human viewer. Attempts to put a numerical value on the information
capacity of the human eye when considered as an informatioa 'sink',

have been made by JACOBSON (1951), KELLY (1952) and BUDRIKIS (1984).

noise
visual source chanr.el
——1 R channel
world encoder encoderj
Fidelity——-ﬁ
Criterion
human source channel
observer decoder decoder
=

Figure 3.1 Schematic diagram of Fano'z mode for an image

transmission systen.
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Jacobson arrived at a figure of 4,3 x 106 bits/sec., by multiplying
the total number of acuity squares in the eye by the maximum

rate at which changes in mosaic patterns could be detected (18 per
second). Kelly refined Jacobson's approach by taking into account

the estimaled signal to u io of

oise rabis

at a maximum figure of 800 x 106 bits/sec. A similar approach

was used by Budrikis, who estimated that the capacity of the
foveal region for monochrome images was 2.5 x 705 bits/sec. However,
when the human wviewer is regarded as a channel, measurements

of recognition rates (SZIKLAI, 1956) and reaaing rates (PIERCE and
KARLIN, 1957) suggest a channel capacity ¢¥ only 40 bits/sec.

A1l the video coding systems described in theqfollnwing section
réquire data transmission rates far in excess of this figure of

LO vits/sec. The groblem of matching the visual system to the
viewer is that the viewer is not just an infcrmation sink or
channel, but each individual viewer is a complex being with stored

memories and past experience giving rise to different expectations.
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3.2 Video Image Coding.

The type of image that will be used for videotelephones, in the
foreseeable future, will be very similar to that used for broadcast

television i.e. raster scanned and monochrome images. Although many

for broadcast television, they are applicable to videotelephones; however,
some of the bandwidth compression systems are less efficient when used
for videctelephones because of the reduced redundancy of the images

used.

The first proposals for the transmissicn of an image by electrical
signalling to a distant receiver were made in 1878 by M. Senlacq and
the first demonsiration of a vorking system was in 1881 by S. Bidwell.
This was only six years after Bell first demonstrated the telephone.
In Britain, the standards for rectilinear scanning used for broadcast
television were established in 1935, and these have hardly changed
to this day. (3ee GARRATT and MUMFORD(1952) for s history of
television.) Nipkow, in 1884, patented a method of raster scanning
for the transmission of images to a distant receiver, All broadcast
television today still uses raster scanning and virtually all
the proposals for mors complex coding schemes for future development,

still employ raster scanning.

Normal tel.eghone channels use a bandwidth of 3klz, and the
speech signal transmitted may be ccded into a digitel form with
a data rate of approximately 48,000 bits/per sec. The image used
for the Picturephone Mod. II generates a data rate of 6.3 x 106 bits/sec.,
vhereas broadcast monochrome television uses a band idth of about
5 MHz and a data rate of up to 100 x 106 bits/sec. Because the
cost of transmission ir related to the bandwidth or data rate
used, there has deen a great deal of interest in methods of reducing
the very large data rates used for the transmission of visual

images., An indication of this widespread interest is that bibliographies
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on bandwidth compression by PRATT (1967) and ROSENFIELD (1968),
contain a total of 112 references, and many new papers have deen
published since then. Although often called bandwidth reduction’

schemes, they may often be applied in two distinct ways: 1) To

o

he regquired chamuwiel capacily for a specific image quality.
2) To maximise the image quality for a specified channel capacity.
Generally, in studies on bandwidth compression of television
signals, € bit per sample PCM isused as a standard of comparison.
Thus a successful bandwidth compression system will require, on
average, a low number of bits per sample, However, no one as

yet has been able to produce a method whicl: would determine the
lower bound of the bits per sample needed for a particular image

and fideleity criteria,

The various schemes may we classified as either statistical
coding, or psychophysical coding (SCHREIBER, 1967), although the
distinction is often ill defined., Statistical cecding refers to
those schemes vhich make use only of the statistical relationships
among necarby samples; these coding systems are usually reversible,
An exemple of such a system is 'run~length-coding' (CHERRY et al, 1963),
and this system has been shown to be able to produce high quality
imagee with as little as 2 bits per sample, on average (ROBINSON, 1969).
Psychophysical coding refers to those schemes that try to exploit
the perceptual properties of the human receiver. Normal broadcast
television makes use of come of the perceptual properties of the
human viewer., For example, because of the persistence of vision,
it is possible to produce the illusion of continuous motion by
the rapid superposition of stationary pictures. DECTSCH (1966)
demcnstrated that a frame rate of 7.5 per second produces scarcely
noticeable motion degradation. An example of a bandwidth compression
scheme which uses psychophysical coding, is the 'dual mode' system,
proposed byKRETZHMER (1956). This system exploits the fact that
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the viewer is relatively insensitive to errnrs in the specification

of brightness levels in areas of high detail.

Many of the schemes require complex coding equipment and large
storage facilities so that a careful cost analysis must be carried
out to see if the cost of the increased complexity is less than
the saving due to the reduction of bandwidth, The coding system
which is to be uzsed for tha American Picturephone service, is
some form of differential PCM (NAST & WELBER, 1969). The differential
PCHM system would require on average 3 bits per sample, whereas
MOUNTS (1969) has demonstrated a frame differencing system that
would require an average of only 1 bit per sample, for a typical

Picturephone image.

A futuristic scheme for bandwidth compression has been suggested
by GABOR and HILI (1961). They proposed that in principle, a
transmitter could be built which would have sufficient intelligence
to pick out the relatively unimportant areas of an image, such
as grass, crovids and wallpaper. Coded signals could then be sent
to a receiver which would select from some litrary, standard
patterns for grass etc., more important details of the original
scene being sent by conventional methods. The idea of using
'intelligent' traunsmitters may be adapted for use with videotelephone
systemns., Persowms engaged in conversation cver a video link only
look at the vidco image , on average, 4h% of the total time (see
chapter 7). The proposal is that the transmitter, at either end,
has sufficient ’intelligence! teo recognise when the viewer is not
looking at the monitor screen., VWhen the transmitter detects
that the viewer is not looxing, it will signal to the other
transmitter to stop sending arny video signals. 9Over trunk routes,
several of such inteimittent signals may then be combined to
save channel spzce by a system similar to that uwsed for speech

over trarnsatlantic cables.
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There arc far too many proposuals for the bandwidth compression of
video images [or them a1l Lo be menlioned here, however extensive
reviews may be found in the theses by THOMPSON (1968), ROBINSON (1959)
and CHITNIS (19741). Chitnis. in particular, has taken account
of the different , and often misleading, figures of merit used

by many authors,

3.3 Videote” ~phone Schemes

The firet videotelephone was demoanstrated in 1627 (IVES, 1927).
This video liunk was between New York and Washington; the transmission
was by means of a 250 mile wire link, The image used was 2 inches
wide by 2} inches high, and consisted of 50 lines with a frame
rate of 18 per second., The image was produced by rotating Nipkov discs.
Although the apparatus was rather unwieldly, it is interesting to
note that it was demonstrated as an adjunct to the televhone,
vhereas experiments with similar appparatus in Britain by Baird,

were aimed at broadcast television.

A revival of interest started in 1956, when a videotelephone
was demonstrated by Bell Laboratories: it had a posiage stamp
sized image and az frame rate of 1 per 2 seconds, HALL (1964)
reported an experimental variable parameter television at Bell
Laboratories which was used for subjective tests, in order to

determine acceptzble standards for a videotelephone., The results
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of these tests led to a system called Picturevhone Mod 1, with

275 lines, 30 frames per sec,, 2:1 line interlace and 500 kHz

video bandwidth., Hotrizontel line scanning was used with a Kell
factor of 0.5. The displayed image was Qé.inches wide and 5i
inches high (aspect ratio 3:4), and the viewing distance was 36
inches., This particular picture format was chosen so that the
speaker's head would be shown with as little barkground as possible.
The choice of the relatively narrow picture format would seem

to indicate the underlying assumption that the spectator's face was

the most important thing to be seen.

When the Picturerione Mod. 1 was used in a field trial at
both the 1964 World Fair and between the Murray Hill and Holmdale
Laboratories, many of the users found it difficult to stay 'on
camera', (CARSON, 1968). (Because of the imvortance of keening
users 'on camera’ the whole of the next section is devoted to this
problem.). Several of the users also said that they would like
more resolution, a larger screen and a larger field of view,

In Picturephone #od. II, which is the most recent devélopment
from Bell Laboratories, the video banrdwidth has been raised to
1 MHz. The video signal is encoded into a 6.3 x 106 bits/sec.
signal for an transmission further than 6 miles. The choice
of this data rate, and hence video bandwidth, was determined by

6

the imminent availability of a 6.3 x 10~ bits/sec. digital carrier
systen, (DORROS, 1971). The picture format has slso been changed
to a wider one, while the use of a silicon ~ diode array, for the
canera tube target permits the user to adjust the field of view

of his own station set by altering the size and position of the
raster scan of the target. A summary of the main parameters is
given in Figure 3.2. An extensive description of the Picturephone
system including the standards, transmission plan, station set
components, and maintenance arrangements may be found in Bell

Systems Technical Journal, February 1971 (Vol. 50, No. 2).
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Figure 3.2 Pictare parameters of the Bell Picturephone Mod.II.
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Figure 3.3 Picture parameters of the Britiel Post Office.

experimental Viewphons system (1968).

{ Both Figures 3.2 and 3.3 are drawn half full size.)
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The first definite proposalz for videotelephone standards in
Britain were made by LUNN and MUMFORD (1965). They described
a system having 228 lines, horizontal scan, and 555 kiz bandwidth,
The picture format was similar to that of the Picturephone Mod.1,
in that it was higher than it wss wide., PIRTON and LUNN (1964)
adopted this sytem for digital transmission with a data rate
of 1.6 x 106 bits/sec: to do this they used 4:1 dot and line

interlace,

The British Post Office have used subjective testing techniques,
very similar to those used to test broadcast television, to arrive
at the bandwidth of their videotelephone system (ALLNATT, 1968).

In these subjective tests, three subjects sitting side-by-side
viewed a stationary picture of a head and shouldars, while the
ambient illuminmtion was kept low, In the normal videotelephone
situation; onc wmerson would view a noving image of another person,
vwhile the amb’2mt illumination would have to be reasonably high
because the viewer himself is being viewed by means of a television
camera., One of the reasons given for using the test arrangements
is that they alXow a more critical than average appraisement

of the video imzge. A summary of the main parameters of this
system, called *Viewphone', is given in Figure 3.3. Vertical
scanning vas used because it was assumed that the users may aitempt
to send alpha~numeric material, (BURDEIT (1962) found that with

a unity Kell factor, intelligibility of typescript is slightly

higher than whem the scan direction was vertical.)

If in the future, videotelephones become very widespread,
they may be used for international telephony. This wouléd give
rise to problems of compatibility of systems. As standards
converters are wery expensive, it would be necessary for the
operators of the various systems to come to some agreemen: about
picture parameters, One of the immediate problems would be the

different frame rates used in North America and Britain.



54

3.4  Control of the Viewer's Movement,

In a television broadcasting situation, when a person being
viewed moves, a <ameragman will redirect the camera so that the
image of the person will stay reasonably stationary on the viewing
monitor sScreen i.e., the person will stay 'on camera‘l, In a
videotelephone situation there is no cameraman, nor are there
sny firm proposals as yet for making the camera automatically
track the user as he moves, Furthermore, if a picture format
is chosen such that the user's face fills most of the screen,
then any slight moverm~nt of the user will result in his facial

image disappearing from the screen i.e, he will move 'off camera',

Vhen pecplc use a videolelephone, they will usually sit in
some form of chair, This allows the head and trunk to move as
if pivoted about the waist, leading to little vertical movement
of the head and shoulders but a greater amount of horizontal
movement. This means that with a narro'r picture format users
will have difficmlty staying 'on camera', (as was reported with
the field trials of the Picturephone Mod.1.) It is the author's
personal opinion that, if the British Post Office had used a
typical moving image as a stimulus source in their subjective
tests instead of the stationary image, then they would have

eventually arrived at a wider picture format.

One way of reducing the amount of time that a viewer is 'off
camera' would be Eo use a wider angle lens to increase the field
of view; but this would rcduce the size of the face, making the
the perception of feciel expressions and gaze direction more

difficult.
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An alternative is to reduce the user's movement by providing
the user with some monitoring device enabling him to see what
imege is being transmitted to the other person. A mirror placed
close to the camera lens would suffice as a monitoring device,
However, the disadvantage of such a system is that the user would
divide his attention between his own image and that of the person
to whom he wac ta2lking. The author carried cut scme preiiminary
experiments _a which the video monitor screen was split in two,
allowing the viewer to see his cwn troncmiitted image on one half
of the screen and that of the other person on the other half.
This system was quickly abandoned, au the subjects spent a large
proportion of their time looking at their own image, particularly
if the image had been processed in some way., This behaviour was
provbably due to the novelty of seeing themselves on 'television!
and this made tne system unsuitable fcr the planned experiments,

but no doutt this effect would decline with prolonged use.

One simple solution to the positioning of the user in front
of a videotelephone is to put the monitor screcn at the end of
a tunnel, (see Figure 3.4). This will limit the distance that
the vewer may nove while still being able to see the screen.
FISCHER oud EREL (1968), working in Germany, have carried out
subjective testz ou three different constructions of tunnel:
1) a simple air tunnel with black sides, 2) a tunnel with a convex
lens on the frumt, 3) a solid Acrylic block. They also varied
the length of the various types of tunnels; the longer the tunnel,
the more it res%ricted the user's movement, but longer tunnels
were less accepiatle tn the users., The test resulted in the
choice of an Actylic block of length 20 cm. To rniske the whole
videotelephone unit aprcar less bulky, the tunnel was mounted
vertically with a 45° mirror at the top. (See Figure 3.5).

This German unif wes specifically designed to stand on the floor
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tunnel
video monitor A\l
CQRQOQ ~ A

Figare 3.4 Use of 'tunnel' in front of video monitor, in order
to reduce the movement of viewer.
M is the maximum movement of the viewer which will

allow an unmasked view of the monitor screen.

mirror
— surface
e

- =t~ Acrylic block

ﬁ_/_T// IV i ve s P07 eP 0y

1 "“CQR.O.

rrom to shew the relative positions of

the viewer and the video-telephone terminal developed
by Sicmens AC (Cermany).
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beyond the usexr's desk, where as the American system has been

designed to stand on the user's desk.

Another advantage of using a tunnel in front of the monitor
screen is that it reduces the amount of ambient light that falls
on the screen, improving the contrast and enabling the cathcde
ray tube to be operated at a lower brightness, ensuring longer

life,

3.5 Picture Size and Vieving Distance,

In the choice cf a suitable screen size and viewing distance
for a videotelephone, some of the factors which have to be taken
into account are: cost, aesthetic compatibility with other office

equipment, and subjective preferences.

JESTY (1¢53) found that for any particular handwidth and
size of television image., different subhjects chose similar viewing
distances, and that the ratio of preferred viewing distance (V)
to the picture height (H) was a consistent and repeatable measure
dependent on the bandwidth of the image viewed. The ratio, /1,
was found to imcrease as the bandwidth, and hence resolution,
was reduced, For a €25 line television image with a bandwidth
of 5.0 mHz, thz viewing ratio was approximately 6. This value
of vicwing ratio has been used for subjective tests of 625 line

broadcast telawision images. (For example, see ALLNATT and PROSSER, (1945).
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BALDWIN (1957) demonstrated that visual acuity was dependent
on viewing distznce and the colour of the image viewed, He szt
the subjects used for the acuity test at various distances from
an image, which was similar in size and brightness to that of a
17 inch televigion screen although the image was produced by a
slide projector. The average visual acuity at a viewing distance
of 60 inches was approximately 1.8 times that at 20 inches (corresponding
to 1,82 incresse in the bandvidth required for a television image),
and at distances above 60 inches the visual acuity was fairly
constant, JESTY (1952) suggested that this was the reason vhy,
on average, subjects are less critical of small pictures then large ones,

when vicwed from distances which give the same viewing ratio, V/IL

VERNON (1953) has pointed out that, as a television screen
can be seen to ve small compared with its surrouvndings, the images
tend to look smaller than the original objects that they depict,
where as images projected on to a larger screen at a greater distance
are seen as possessing the original sizes of the objects depicted.
This awareness of the diminulive size of depicted objects while
viewing a small tclevision screen normally ceases with increased
experience, particularly if the material viewed is familiar.
However, certain unfamiliar things such as unfamiliar three dimensional

models appear more 'real' on a larger screen.

WYhen viewing a threce dimensional ohject, the perception of
depth arises from binocular cues, perspective, shadow, overlap
and past experience of the object., When viewing the image of the
same object projected on to a screen, binocular cues are not
available for the perception of depth. The binocular cues will
instead indicate the flatness of the screen. STAFFORD and HANSEL (1953)
have shown that a5 the viewing distance from a flat screen is
increased, the bLinocular cues become weaker, and the perception of

depth of an object depicted on a scrzen is improved.
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In their experiment, subjects sat at distances of 3 to 24
feet from a screen and were asked to judge the relative depth-
of blocks of wood from photographs projected on to the screen,
It was found thal with binocular vision there were less errors
the further the subjects sat from the screen. (Approximately
3 times the number of errors occurred when subjects sat at 3
feet, compared to when they sat at 24 feet from the screen).
It was also found that judgements made with monocular regard were
more accurate than those made with binocula: vision, the difference
being greater the closer that the subjecis sat to the screen,
Stafford and Hansel concluded that television screens should be

much larger than those available at the time, (1953).

The various experiments reported above give contrary results
as to the best choice of viewing distance., The experiments concerned
with acuity would suggest a small screen close to the viewer,
where as those experiments relating to the perception of depth
and the impression of reality would indicate a larger screen,
further away from the viewer. All the experiments were carried
out with the subject Jjust watching an image on a screen. However,
in a videotelephone situation, the viewer will interact with
the imsge on the screen, and consequently a different imege size and -
viewing distance may be preferred. The optimum distance and size
of screen may be found to be related to the 'comiortable distance
for conversation' (see section 2.6), and thus related to the
'apparent distance' of the facial image on the video monitor screen
(sce section 6.2). And there are, of course, personal preferences

which may be finally the most important factor of all.

It may be questicned as to whether 2 choice has to be made
at all, for it should be possible for the operators of videotelephone
systems to offer different designs of videotelephone sets to

its users. A choice could be, for example, a small unit designed
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to fit cn the user's desk or o larger, pedestzl mounted unit

to be viewed fr»nm across the room. The first of these alternatives
(i.e. small des% top unit) was used for all the author's experiments.,
This choice was<determined by two factors; 1) The ready availability
of small video monitors, and 2) that it seems likely that this

type of unit wiil, at least initially, be more widespread than

the pedestal unit. The following section describes the type of

video image used in the author's experiments.

3.6 Visual Images used for Experiments,

Two criteriam may be adopted when choosing the picture varameters
to be used in amperiments to investigate how the visual image
would enhance telephone conversations., Firstly, the visual image
should be similar to those used in existing videotelephone systams,
or similar to thwose that are likely to be used in future systems., The
results of experiments with such visual images would then be
directly applicable to the design or inplementation of these systems.
Secondly, several visual images shovld be used which are different
in some definable varemeters. 1n this way the effects of the
various picture parameters on the visual enhancement of telephone
conversations could be determined., As there are very many different
picture parameters that could be chosen, this may lead to very

many experiments or unmanageable, large, factorial zxperiments.
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Because of the various limitations of bime and cost, it was
decided to use two types of image: one, a high fidelity monochrome
image, and the other, as simple an image as possible which would
allow the recognition of the speaker's identity, facial expressions
and movements etc, The choice of the high fidelity system was
determined by the widespread use, and availability of, 625 line
closed circuit television equipment. This would fulfill the

first criterion of choice, mentioned above, as it would be very
similar to the video image used in the 'Co. . fravision' system,

(see PEARMAN and IDDLES, 1948). Although this is a higher fidelity
video image than that to be uscd in any switched videotelephone
system, future developments might result in a video image with
similar quality to that used in the experiment. The main parameters
of the monochrome image used in the author's experiments are

summarized in Figure 3.6.

The 'simple! image used for the experiments consisted of
just the form, or shape, of the speaker’s face, lips, eyes, and
upper parts of his body, thus removing all cues of lexture and
shading. VERNCOM (1962) stated that for the perception of form
or shape, the most important feature seems to be the general
outline or contour of the object. The importance of contours
or edges is well known to those involved in the design of pattern
recognition machines, in which it is common to incorporate a
process for reducing the originsl image to a simpler form by edge

detection., (See, for example, SARAGA and WOLLONS, 1968.)

It is possible to produce simple circuits that will reduce
a typical moncchrome video image so that only the edees or contours
are left; the resulting image will be like a line drawing or
cartoon, Hovever, a cartoon image produced by such eircuits
would be different to that produced by an artist, in several

different ways. Firstly, the circuitry will not be able Lo separate
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Figure 3,6 Picture parameters of the video image used in

the author's experiments.

( Ampex 9A video monitors

were used for all perceptual and conversation

experiments.) This figure is drawm half full gize.
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figure! frem 'ground!', Thus, if the original image had large

and irrelevant variations in brightness in the 'ground!, a simple
circuit would detect this and include it, where as an intelligent
artist would exclude irrelevant delails, BSecondly, many cartoon
drawings by artists will emphasise or distort parts of the face

or body to produce a desired effect: the cartoon may be a cariacature

(KRIS, 1952), and this is far beyond the ability of simple circuitry.

Examples ¢f the two types of images used in the experiments
are shown in Fipure 3.7. For brevity, the two types will be referred
to as the monochrome image and the cartoon image throughout this

thesis.

The reason for including the cartoon image in the experiments,
is that it will give some insight into precisely vhat features
of a video image are useful for the enhancement of telephone
conversations, The author does not advocate that videotelephones
should use such an image. However, if such an image were used, the data
rate required for transmission would be much lower than needed
for a monochrome image. A comparicon of the entropy and coding

needed for the two types of image is given in Appendix I,



tArchie!

Figure Examples of the two t-pes of images used

in the experiments.
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foneration of Cartoon Image,

. — e pASA

The remainder of this chapter is concerned with the design
of the cartoon generating apparatus used for the videotelephone

experiments.

PEARSON (1955) has demonstrated a cartoon type of video image.
His apparatus consisted of a 2-level quant_ser, followed by a
differentiator smd full wave rectifier, The disadventage of
his method is that very different cartoons are produced if the
2 level guantizing threshold is changed slightly. Alse, unwanted
contours are introduced where a very slowly changing signal crosses
the quantizer threshold. With this type of detector, it is virtuwally
impossible to detect botn sides of =z face and the eyes with the
same threshold setting. In fact, it should not really be called

a contour or edge detector,

VERNON (1962) states that the perception of contour depends
mainly on the sharp gradient of brightness between a surface
of an object and its background, Thus, a contour cr edge detector
will consist of some method of differentiating a brightness signal
with respect to position, followed by szome form of level detector,
With a raster scauned video system this differeniiation is achieved

by differentiating the analogre video signal with respeclt to time.

Circuits may be produced which achieve a very closc approximation
to differentiation., Their disadvantage is that any high frequency .
noise is greatly amplified, and thus, using these circuits gives
rise to some very difficult filtering probiems. This problem
is reduced if a circuit that gives a first order apgroximatinn
to differentiation is used, Such a circuit simply consists of

delaying the aralogue sipgnal for a time T, and ihen subtracting



66

input
[ — N
T T S % o outpud
T - /////Ezgferential .
video delay amplifier

{ 100 nsec )

\n -

Figure 3.8 Circuit for first order approximation

to differentiation .

e—true dirterentiation

lHGp)l ‘ /y/// 1 st order approx. [f(t):fftmt)]

‘ f ==

5 MHz 10 MHz frequency
A
( system bandwidth )

Figure 3.9 Frequency Response of Differentiators
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it from the present signal f(t), (see Figure 3.8)., The output
of the circuit g{t), is given by:=

glt) = £{t) - f(t-1)

This circuit has a linear phase response, and the [requency response

H(jw) is given by:i-

|H(jﬁ3)i = 2 1 sin (fﬁ;é)

2

Figure 3.9 shows the difference in frequency response of a
true differentiator and of a first order approximation., The
higher frequency lobes of the response of the first order approximation

may be relatively eesily filtered out.

An edge detector was constructed using a first order differentiation
with a delay time of 100 nsec. As both white to black and black
to white transitions had to be detected, the differentiator was
followed by a full wave rectifier ( fwr ). This then fed a
simple tareshold device (th), which detected brightness transistions
above some defined threshold level. The thresheld was adjustable,
g0 that the cartoons of varying degrees of complexity could be
produced. The threshold devices were followed by a monostable (M),
so that the displayed edges would have a constant thickness.
A schematic of the simple edge detector is shown below, in Figure 3,10,

and the complete circnit is chown in Appendix IIT.

If the circuit mentioned in the last section were used by
itself, any edges parallel to the raster scanning direction ( i.e,
horizontal edges in this system) would not be detected, Many
of the important features avre very nearly horizontal e.g. the
eyes and the mouth. Horizontal edges may be detected by subtracting
one line of the raster scan from the one immediatecly above it,

followed by a full wave rectifier and threshold gate, as hefore,
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Figure 3.10 Simple Edge Detector which will detect vertical

and near vertical edges.
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1 line delay
( 64 nsec )

Figure 3.11 Circuit for detecting horizontal and near

horizontal edges
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To do this, it is necessary to delay the video signal for a time
equal. to one line periud (64 ysec). A glass acoustic delay line

was used for delaying the video signal. A schematic of a 'horizontal!
edge detector is shown in Figure 3.11. Although it has been

colled a horiscnlal eof;

g
edge that is near the horizontal.

If all the details around the eyes etc., are to be detected,
the threshold circuit must be able to detect very small transitions
in brightness. There was however, a itrade between'the level
of the thresiold detector and the amount of noise introduced.
Vlhen the threshold wes adjusted to give adequalte detail, the
imege was marred by noise which was snou-like in appearance.
As the noise in simply organized regions of a picture is particularly
disturbing (GRATIAM, 1962), a system was implemented which would
remove the noise in the blank areas of the cartoon image. To
do this, the noise stripping circuit made u.e of the fact that
a cartoon line on a television screen consists of a string of
adjacent picture points; thus, if all the detected picture points
which do not have an adjacent picture point were removed, then
much of the disturbing noise would be removed also. A schematic

of a system constructed to do this is shown in Figure 3.12.

By using a one line delay circuit and a shift register, as
shown in Figure 3.12, it was possible to have access Lo the N
picture points on the line immediately above, in the same field.,
A simple gating arrangement would only allow a detected point
if there was a detect>d point in the shift register. If a long
shift register is used (N large), a point on a near horizontal
contour line will be allowed, but the probability of allowing
an unvanted, random noise point increases with the Zength of the
shift register. If a very short shift register is used, only
points on or near vertical lines will be allowed, Hence, there

is a trade--off between the noise stripping abilities and the possible
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nearness of a contour line to the horizontal.

The optimum Jength of the shift register will depend on Llhe
noise level, on the video source, and on the particular image used.
Subjective tests were carried ont using the flying svot scanner
and a positive transparency of a face., Noise was added to the
video signal to give the same subjective imrsression of noise
level as was obtainable with the vidicon camers to be used in the
experiments, WNo difference was detected when the shift register
was between five and nine stages long., For the final construction,

therefore, a seven stage shift register was used,

clock pulses ( 10 MHz )

simple edge
t detector

\ shift register

JK flip-flop— |JK > 111213 N

s

1 line delay @

O;

shift register L22+1

output

Figure 3.12 Circuit for stripping noise from a cartoon image.
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Figure 3.13 The complete cartoon generator.
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With only one acouztic delay line, if is not possible to
produce a system of stripping the random detected points produced
by the horizontal edge detector. Therefore, the setting of the
threshold level in the horiznontal detector could not be so fine
as that in the simple edge detector., Better noise stripping
circuits may be devised if more than one.delay line were available,
(PAN, 1962). However, as delay lines are very expensive, the
slight improvemcnt due to the more complex system would hardly

justify the increased cost.

The complete cartoon generator is shown in Figure 3.13.

The configuration shown allows the output of the simple edge
detector plus noise stripping to be added to the output of horizontal
edge detector, while using only one acoustic delay line. As

many of the detected changes in brightness tended to appear in

both fields of each frame, the horizontal cartoon lines were usually
two scanning lines thick, For this reason, the monostable (M),

was added to make the vertical lines appear %o have the same

thickness as the horizuntsl ones,

Plumbicon and vidicon cameras have a triangular noise spectrum,
. . . . 4opigh .
with the greater amount of noise at tneAirequenc1es, (VAN DOORN, 1966).,
Because of this, whenever a plumbicon cr vidicon camera was used,
it was found that the subjective appearance of the cartoon was
improved, if the orisinal analogue video signal was passed through

a low pass filter with a cut off frequency of 3 to L VHz,

Tor an image of a person's head and shoulders (as shown in
Figure 3.7) produnced by a plumbicon camera with a low pass filter
(3.5 FHz cut off), the noise stripping circuit reduced the total
number of detected picture elements per second by about 2 to 25,
Since many of the points removed were noise in blank areas of

the cartoon image, the final image was much more acceptable.
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The difference between simple edge detection, horizontal edge
detection and a combination of the two may be seen in Figures 3.1k -
%.17. All the photographs are single trame exposures. The video
image was produced from a slide by a plumbicon camera. The picture
all th

e.g. the outvput of the simple edge detector is fed

nts i: cartoon images are at discrete inlervuls of

[
Q
l.l
)
&
U‘
(4]

O

e}

[
ﬂ

positio
into a JK fllp—”lop which is 'clocked' at 10 MHz, (see Figure 3.12).

Data on the number of picture points produced by the different
types of cartoon generator is to be found in the section on coding

cartoon images in Appendix I.



Figure 3.14 Original monochrome image.

Figure 3.15 Cartoon produced by a simple edge detector.



15

Figure 3.16 Cartoon produced by horizontal and near

horizontal edge detector.

Figure 3.17 Complete cartoon image.
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Chanter 4. )

Control. Recording and Terminal Equipment.

This chanter describes the control, recording and terminal
equipment used in the videotelepnone experiments. The chapter
is split into four sections., The first deals with the perception
of znothecr person's direction of gaze when conversing over a
videotelephone link and describes an experiment performed to
investigate this, The results of the experiment is used to
decide the relative position of the video monitor and camera.
in the laboratory terminal equipment. The second section deals
with the zudio system nsed, and the third with ihe video system
constructed for the videotelephone experiments. The fourth section
contuins a deseription of the method and apparatus used to process

the data obtained from the videotape recordings of subjects conversin
P g

over the videotelephone link.
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4,1 Relative mositinn of video monitor and camera

Once the tyne and size of video image and the viewing distance
to be uscd have been decided (see section 3.6), the next problem
iz Lo choouse the relalive positlon of video monibler wnd camera
at each berminal. In commercial systems, this choice may be
determined by awmsthebic design, or the need for various graphic
facilities. One important factor ik the perception of eye contact.
Hencey the relative positions of monitor and camera should be
chosen so that when one viewer, (A), looks ot the image on his
video monitory the person to whom he is conversing, (B), should
be able to perceive that A is. in fact, looking at the monitor,
and moreover for greater reality, B should perceive that A is

looking at nin.

The [following seclion deals wiith the perception of eye contact,
and this is foilowed by sections which describe an experiment
carried out to debermine the ootimum chioice of camera and umonitor

position, with Zhe criterion that the verception of eye contact
ovcer the videotelephone link should be as accurate eznd realistic

as possible, Tha results of this experiment will have important
implications for other experiments described later in this thesis,
namely trose concerned with a videotelenhone user's looking behaviour.
Thus, in these later experiments, 1f measurzs of 'eye contact!

are to have any significance, it must be known unether the users

can accurately nerceive tlie other user’s direction of gaze,
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4,1,1 Percevtion of eye contact,

The stimulus sources for the perception of a person's direétion
of paze are the vosition of the pupil and the posture of the head.
As GIBSON and PICK (1963) point out: +the main visible features
of the eyes are the pupil aund sclera within a frame formed by
the eyelids, The concentricity of the pupil in the sclera is

one of the dependents in the perception of the direction of gaze.

c3

(see Figure 4.1). This is not the only dependent, however, as
the position of the head must also be taken into account. (see
Figure 4,2). Pigures 4,1 and 4,2 amply demonstrate that the
perception of the direction of gaze depends not only on eye form,

but the eye form r~lative to the face form,

In the experiment reported by Gibson and Pick, a trained
"looker! gazed a2t varicus imaginary points on a horizontal line
at the level of the subject's eyes. The subject was acked to
say 'yes'! when the 'looker' gazed directly into his eyes., The
results suggested that the subjects had good discrimination of
wviiether or not the 'looker! was gazing directly at them, Therc
were considerably less 'yeses! from the subjects when the ‘'looker?
rotated her eyes 2.9o away from the direct eye contact position.
It is usual to call the standard deviation of the distribution
of 'yeses! the 'threshold', and the mean of the distribution
vhe constant error (CE). In the Gibson and Pick evveriment,
the looker varied her head vosition so as to look askew at the
subject. With the head rotated through 30° to either side, there
wa3 a small shift in the CE, in the same direction as the head
rotabtion. The threshcld for the askew head position was very

similar to tkat for the straight forward head position,

CLINE (1947) vpresented subjects with a mirror image of a

trained 'looker?, The npparatus used allowed the looker to pgaze
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FPigure 4.2 Schematic centering and off centering of the pupil in
the sclera as the stimulus for the impression of being

or not being looked at.

N

= & &

® @ -+ Z; = C:T;;;\\

e g <=

Fioure 4.2 The same Eye-Forms as in Fig. 4.1 sarrounded by a
Face-Form which shifts the apparent direction of
gaze. Iyes formerly gazing to the right now seem
to gaze forward, and those formerly gazing forward
now gaze to the left.

(Figs. 4.1 and 4.2 taken from GIBSON end PICK, 1963)
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at onc of 13 targets, which the subjects could not see. It appeared
to the subjects that the 160ker was gazing at various points about
the subject’s head eand fzce, The subject hod to indicate where

they thought the looker wss gazing, Accuracy for judgements of

aze, directed at targets other than the subjectis eyes, was

oy

considerably less for gaze directed at the eyes, thus subjects

are verv sensitive to eye contact. Also, it was found that the
threshold for vertical rotation of the logker's eyes was significantly
greater than fo= horizonial rotation, Unlike Gibson and Pick,

Cline 4id find a difference in the thresholds for different lookers
head positions; also, the threshold for the straight forward

head vosition was smsller than that found by Gibson and Picl,

However, Cline agreed with Gibson and Pick as to a similar

rclationship between CE and head position,

If -the eyes on a flat image, such as a photograph or portrait,
appear to be looking at the viewer, then when the image is rotated
slightly, the eyves still appear to look unwavevingly at the viewer.
This effect is w2ll known, as the eyes of many famous portraits,
notably the 'Wona Lisa', sesam to follow one around wherever one
may walk, ANSTIS et al (1969) investigated this effect by performing
an experiment very similar to that cf Cline's, but using a television
image of a trained looker, 2s well as the 'live'! leoker. The
resulls indicated that when the television monitor was rotated,
the perceived directiorn of gaze seemed to move in the same direction
as the monitor rotation. This would not normally be expected to
occur if the rotated image was truly flat, The explaination
for this result, however, was that the frontal surface of the
video monitor was convex, thus making the television image less
like a flat porirzit and more like a three dimensional statue,

For both television images and 'live' lokkers, Anslis found a
similar relationship betveen CE and head position, as did Cline,

and Gibson and Pick,



81

McGRATH and HATCHFR (19h1) ook a series of photographs of a

looker, who fixated his eyes at a target points varying in one degree
steps from the comera lens, as well as directly at the lens. '
The targets wers on a horizontal line and a vertical line, inter-
cepting at the ceatre of the lens, The photographs were Laken
at a distance of 5 feet, Life sized photographs of the looker
were then shown *to subjects, who had to judge the looker's direction
of gaze, Tt woulid apvear from their results that for vertical
rotation of the looker's eyes, there was a considerable CE below
the centre., Howrever, McGrath and Hatcher did not carry out any
statistical analysis of their results, so that it is difficult

to know what em¢hasis to place upon them.

L,1,2 Video lirnks.

Raster scanred images, vsing analogue video signals, may
be expected to imfluence the verception of the direction of gaze,
This vossible irmiluence may be due to several f{actors. Firstly,
the image of the eye form etc. is effectively sampled in one
direction and no% the other, Secondly, because of the limited
bandwidth of practicel systems, the possible resolution of detail
around the eyes +dill be worse than in face to face interactions.
These limitations mentioned will affect the perception of the
direction of guz=j; also thore will be noise; ghosting, filter

ringing, and othrer aberrations which will have an effect,

One other major disturhance encountered in videophone links
is that the carara and video moanitor are spatially separated and,
therefore, the viewer looks at the monitor display =nd not the

eamera, For excumple, if the camera is on tep of the monitor
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(cee Figure 4.3) =nd the communicant g looks at the eyes

facial image of B on the monitor, then ihe facial inuge

B sees of A will be
if the camera is at

menitor, B will =see

In such systems

a face looking down and not at him,
the side of the monitor and A looks

an image of A apporently leoking fe

there can never be truc eye contasct,

of the
that
Similarly,
at the

but the

'off set viewing? effect will be reduced, the nearer the camera

is to the image of the eyes on the monitor,

monitor
4

Figure 4.3

Simple videotelephone terminal.

viewer
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4,1.3 Choice of Honitor and Camera Positions

As the video 1link under consideration is for exrerimental purposes,

Justed if varlicuiuarly

[a )

a

[o}]

the height of the comeros and monitors may b
tall or short subjects are encountered, Also as the video link is to
be used only for experiments on conversation, no graphics facility need
to be taken into account, when positioning the camera. Thus, the

only comsideration in posilioning the camera and monitor is to reduce

the 'offset viewing' effect.

There is likely to be a difference in th:e perception of horizontal
and vertical rotations of the eyes. This difference; if it exists, is
slso likely to be affected by the direction of scanning and the limited
bandwidth available, and will be different from one system to another,
If data concerning the perception of eye contact for a particular video
system were available, plus a knowledge cf the dimensions of the camera
and monitor, then it would be possible to select the relative positions
of the camera and monitor such that tne disturbing lack of eye contact
is minimized., For example, consider a video link which has a square
picture monitor and the facial image is arranged such that the eyes are
in the middle of the screen., In this case, the cancra may be as close
to the eyes on screen whether it is placed above, below or at the sides.
If experiments shoved that for this particular video link horizontal
rotation of the eyes was very much less perceptable than vertical rotation,

the camera would be placed at the side and not above or below the monitor.

The oxanple above was a particularly simple onre for in most video
links a camera immediately above, below or at the side of the monitor will
not in general be equally close to the eyes of the monitor image. In
such situations there is a different minimum angle of rotation belfween
the image and the camera in the vertical and horizontal directions, thus
the perceptibility of eye contact for these particular angles will have

to be coupared,
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The foliowing section deals with an experiment carried out to
measure the perceptibility of eye contact for vertical ond horizontal
rotation of the eyes over the video chamnel to be ucz2d in fubure
conversation experiments, and hence to decide tle cvamera and monitor

positions for these future experiments.

L,1.4 Experiment to measure the perception of eye contact

For this experiment, 3 subjects were used at each session. One of
the subjects (the looker) was seated in front of a television camera.
The camera was arianged to he at the samc height as the subject's eyes
and 1 metre away from them, (see Figure 4.4). The camera (Link type
101) used a vidicon tube and a 25 mm lens., This was the type of
camera used for all the videotelephone conversation experiments. Fixed
to the camera was a single line of miniature pilot light bulbs, spaced
at 2.5 cm., intervale., VWith such a simple arrangement, it is not
possible to have a pilot bulb at the centre of the lens, but a bulb
(bulb X in Figure 4.4) was placed as near as possible to the lems.

The subject, seated in front of the camera, was told to look directly
into the centre of the lens when bulb X was 1it, but whenever any otier
bulb was 1it, to 1ook directly at that bulb., These bulbs were lit

in @ random order by the operator of the experiment,
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The other twuo subjects (viewers) were seated in front of a
video monitor; ihe monitors used were the same as used for all the
other experiments (sec scction 3.6). The illumination of both
viewers and looker was arranged to be as similar as possible to that
encountered in tbe videotelephone conversation experiments, The
viewers were seated approximately 4 metre away from the monitors; this
mezmt that the reduced image of the Jooker's face appeared the same size
as the live Looker's face would, at a distance of 2,5 metres, Each viewer
was given a small box with two buttons on it. They were given the
following instruction: I'"press the green button when the person is
looking directly at you, press the red button wher he is not looking
directly at you'l. (This instruction was chosen because it is virtually the

same as that used by Gibson and Picka)

The screen was made blank as soon as the subjects had made their
decisions, Care was takken to ensure that the subject looking at the
camera had settled into a steady gaze hefore his image vas switched
to the monitors for the next trial. The scanning direction of the
camera was altered after approximately 40 trials, and after approximstely
80 trials the subject in front of the camera was changed with one of
the subjects waitching the monitor. The whole cycle was repeated three
times with a short break in between each c¢cycle. Thus, every subjeet
was used as bhotn looker and viewer, consequently avoiding the problem
or selecting a single trained looker, who was free from ocular imbalance.
Each group of three subjects made a total of at least 72 judgements on
each lamp position. All subjects were university students or secretar-
ial staff, who responded to advertisements for volunteer svrbhjects.

Only subjects vho said that they had normal vision and did not wear

spectacles,; were used.
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Separate tests were carried cut with the line of pilot lights
mounted vertically and heorizentolly.  Proliminary tests indicated that
the range of values used for vertical rotation of the looker's eyes
needed to bhe greater than that for horizontal rotation, Tor tests
with horizontal rotation, 9 pilot bulbs were used, four to the left
and right of the lens, whereas, for vertical rotation, 10 were used,

5 above and 4 below the lens.

.,1.5 Results

Horizontal lMovement of the Looker's Lyes

As there vas no significant difference betwecen the scores using
normal scanning and the scores for reverse scauning (}:2 = 2.6), they
vere added together, in order to simplify the presentation of results.
The results for horizontal rctation of the looker's cyes are shown in
Tigure 4.5. Four groups of subjects were used, therefore each point
on the graph represents the outcome of 288 judgements. The standard
deviation (or threshold) of the distribution shown was 2,70 and the

mean of the distribution (or CE) was 0950.
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Vertical Movement of the Luoker's Eyes

Lgain, there was no difference between normal and reversce scanning,
580 they were added together. The results for vertical rotation of the
looker's eyes are shown in Figure 4.6. Five groups of subjects were used,
so that each position on the graph represents the outcome of 360 judgements.
The threshold was 2.8° and the CE was 1.50. This CE of 1.50 corresponds
to the looker gazing 2.7 cm above the centre of the camera lens. For
the sake of brevity, the CE for horizontal and vertical rotation of the
looker's eyes will be referred to as CkH and CEV, respectively.
xZ

To obtain a confidence level for the measured values of CE, aXtest
vas used, on the null-hypothesis that the distribution had the same
shape but that CE was equal to zero. This procedure regquired estimates
of the numbers of positive judgements for values of rotation of the
looker's eyes, between those measured. Everett's Interpolation formula
vas used to estimate these values (HARTREE, 1957). A similar procedure
was used to czlcitlate the confidence intervals of the means of the two

distributions.

A summary of the statistical analysis is shown in table 4.1.

Table 4.1 Summary of the statistical analysis of the measured

constant error values.

rejection of null-hypothesis 95% confidence
that CE = 0O ' interval of CE
CE >
X d.f. D
cex | 0.5° | 37, 8 <. 001 0.5° T 0,4°
cev | 1,5° 283. 9 <. .001 1.5° £ 0.4°
i I




91

4.,1.6, Discussion of Results

Both *the standard deviation of 2.8° for vertical rotation and
2,70 for norizontal rotation of the looker's eyes, are very close to
that measured by Gibson and Pick (i.e. 2.80) for a non-video link

e =D am s PR S BN
xperiment with

(¢
(m

situation. It is interesting lo compare the resulis of th
those measured with the Bell Telephone Laboratories, 'Picturephone’,
see STOKES (196G). With the Bell system, it was found that the 'off
set viewing effect!, or 'lack of eye contact', became noticeable when
the lcokzrs horizontal.rotation of the eyes exceeded 4.50 and the
vertical rotation 5.50. The large disparity in this result, and the
results  the experiment reported here, arz most likely due to:i-

1) the different size and number of lines used for the video monitor
image, 2) different method used in measuring or even defining the
threshold of this cffect.

As there was no significant difference in the CE's measured for
reverse and noxrmal scanning, thiseliminates the possibility of the
viewing conditions and any peculiarities of the video monitors, influencing
CEH; however, it ddes not eliminate the possibilitt that they will
influence CEV. The small CEH may be due tu possible unasymmebdical
illuminaticn of the locker. The much larger CEV is prebably due to a
combination of viewing conditions, overhead illumination of the looker,
and the peculiar movement of the eyelids for vertical rotation of the
eyes., This peculiar movement involves the upper eyelid tracking the
upper edge of the pupil over the whole range of its vertical movement,
whereas the lower 1id wmoves downward for dowvnward gazes but does not

move upward for gazes above eye-level.

Cline found a similar, but smaller, CEV for 'live' lookers, while for
photographs of the looker's face, lcGrath and Hatcher found an opposite

CE i.c. a CE belov centre, (see section 1.1.1).
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The average percartage of times thot subjects thought there
vwas eye contact over the video link wes generally low.  This may
be partially due to the pessimistic interpretation that sone subjects
placed on the in.étructionsg i,e, they preszed the pgreen buticn only
vhen they were absolutely sure that there was eye contact, Another
disturbing influence is that the looker focuses his eyes on the
camera lens, which is only 1 metre in front of him, yet to the viewer
the looker appears to be at a distance of 2.5 melres. This meant
that the looker’s eyes appear to be focused at some point in front
of the viewer and not at the viewer's eyes. This also accounts for
sone of the .iewer's comments, that only one of the viewer's eyes
appeared to be looking at them, This is an insurmountable problenm
wvhen video telephones use small monitor screens and cameras which
are relatively close to the user. Theres were som. subjects who
felt that there was never any eye contact. This helps to explain
the failure of the author's earlier attempts to measure the angle
of rotation of the lookeris eyes for loss of eye contact by the well-

knovm up-dovm technique (WETHERILL aid LEVITT, 1965;.

The main conclusicn from the results of these experiments is,
that given a square video monitor screen with the facial image
approximately central, then the best place to have the camera to
obtain 'eye~contact'is below the monitor screen. It may be noted
that the Bell system has the camera above the monitor screen, but
of course this wagc determined by other considerations, such as the
graphics facilities. The conclusion that the camera should go below
+he monitor screen is an unfortunate one for future experiments with
the particular eguipment available, as it is the one arrangenent that
is impossible, This is because all the controls for the monitor
are belcw the screen, and the position of the centre of gravity of

the monitors makes inveorting the monitor difficult.
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.1.7. Tinal Positioning of Camera

With the eguipment to be used in later experiments, the shortest
distance ponsible between the camera lens and the teyes! of the facial
image on the monitor was 15 cm; and to the side. In this position
the lack of eyc contact is very noticeable., ‘'‘'o overcome this detrimental
effect in the conversation experiments, a jig for holding the monitor,
camera and half silvered mirror was made. This enabled the camer= lens
to be at the same apparent position as the eyes of the video monitor
image. A photcgraph of the complete verminal is.shownin figure 4.7
and a schematic diagram of the relative positions of the camera, video

monitor and half silvered mirror are shown in figure 4.8.

The half silvered mirror reflects the monitor image, but allows
light from the viewer through to the camera. As the camera leas is
surrounded by black cloth to exclude extraneous light, it is completely
invisible to the viewer. The mirror allows 50 transmission of light
through it, tnus the aperture of the camera lens has to be opened one

more stop than usual.

The video monitor was arranged to be at the end of a short tunnel,
This helped to reduce the viewer's movements and to increase the
contrast ratio of the video monitor screen, (see Section 3.%4), The
arrangement with the half silvered mirror and short tunnel has proved-
very successful in the videotelephone conversation experiments carried
out by the author, as the users very rarely moved off-camera. The
dimensions of the tunnel were © inches high, 8 inches wide and an

equivalent depth o 11 inches,



Figure 4.7 Photograph of a person using the terminal equipment.

video
moni tor

light excluding seal

viewer

| camera

450 half-silvered mirror

Figure 4.8 A schematic diagram of the relative positions of
the camera, video monitor and half silvered mirror

used in the terminal equipment.
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If the conwersation carried out over a video link is to be cs
similar as possible to a face~to~face conversation, then the eyes
of the facial image on the video monitor scresen should be at the
sante height as the eyes of a person engaged in a face~to-face-
conversation. ‘When this was tried using the author's system, even
illumination ¢f the viewer's face proved difficult, s0 the video monitor
and camera were lowered slightly. This meant that in the experiments,
the centre of thie monitor screen typically appeared 6° below the
horizontal.

The video rionitor, loudspezker, microphone and tunnel were placed
on a table, wherpas the camera was mounted on a tripod benhind the half-
silvered mirror, and was not visible to the subjects. (Sea figure 4.7.)
During the conversation experiments, each subject sat on an upright
cheir in front of the ferminal. equipment. The chair was placed as
close as possibie to the table, thus the subject's forward movement uas

restricted by th= table 2nd his backward movement by the chair.

The distance between the monitor screen and the subject's eyes was
about 33 inches, i.,e. Bix times the picture height., This ratio of
viewing distance to picture height was used because it was the sane
as that used vhen performing subjective tests on 625 line broadcast
television imeges,  Although it was argued in section 3.5, that this
might not be the optimum or preferred distance for a person to be
seated during a wvideotelephone conversation, this distance was chosen

as no work has y=t been done on what is a more suitable distance.

The main souirce of illumination during the experiment was natural
light from a window near the terminal equipment. Some control over
the level of illnmination was obtained by the use of venetian blinds.

Tyvically, the renge of illumination varied from 400 to 500 lux.
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The author would like to point out that he does not suggest
that the terpinal equipment used in hic oxperiments is the nos
suitable design for any future commercial. videotclephone systems .
The author does, however, recommend that when a decision has to be
made as to the relative position of the camera and video monitor in
any future systems, that a simple experiment similar to the one

described be carried out,

L,2 Audio Channel

The audio system that will be in widespread use with the proposed

videcotelephore links, will alwmost certainly be some form of 'loudspeaking'

or 'hands{ree! telephone. The audio system chosen for the authorts’
experiments (ér any similar experiments) should resemble such a system
as closely as possible. The experimental system used shouldalso
have the facility for adding some of the impairments that ave likely

to be encountered in comulercial systems,
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4,2.1 Loudspeaking Telephones

If a normal teclephone handset was used with a videotelephone,
the mouthpiece might obscure much of the mouth, thus nullifying some
of the advantages of the videotelephone, This is one reason why
loudspeaking telephones vould be used; however, they also have other
advantages over a normal handset which may encourage them to be more
videly used in the future. A survey by FLOHRER (1970) showed that
users secmed 1o like the following advantages:~ 1) lore than one
person at each terminal can varticipate in a conversation., 2) They
like to have their hands free during conversztion. 3) They alsolike
to have their hands free during dialling. Tiis last item, in particular,
has been studied by HERBERLE (1968), who showed that with normal handsets
many people hold the handset too far avay to hcaxr the various tones
wvhile dialling and this gives rise to inefficiznt dialling. This

disadventage is completely oversome by the use of loudspeaking telephones,

Loundspeszing telephones have gome disadventoges, for cxample
local room noise is more disturbing than it is when normal handsets are
used. Hovever, many loudspeaking telephones incorporate a normal
handset, which may be used in noisy surroundinz;s, or when the conversat.ion
is of a confidential nature. The main disadvantage arises from the
fact that since the acoustic-electric transducers (i.e. microphone
and ioudspeaker) ar: further from the mouth and ears than the cquivalent
transducers in a simple telephone handset, therec must be more gain
supplied in the system. As the microphone and loudspecaker are acoustically
coupled, the totalloop pain must be kept below some critical value.
If this value is exceeded, oscillation or 'sirnging' will occur. The
relative positioning of the microphone and loudspeaker, and the
acoustical properties of the room in which they are placed, will affect
tne amount of acoustic coupling between microplone and speaker, and

hence the amount of electrical gain permitted in the system.
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The problem of *singing' in commercial. loudspealcer telephone
systems is overcome by using voice~controlled gain switching, which
allows full amplification orly in onc direction at a time (GALYAS 1969,
BUSALA 1960). This introdnces three main problems:- 1) although
called 'voice switched systems'; noises other than veices such o5 local
rooi noise will cause switching, 2) clipping of the first and last
syllables of a word (this is a problem of comprouwise in the time
constants and thresholds used to detect speech), 3) difficulty of
'breaking in' during a conversation (here, once one person starts
talking it is impossible for the other person to interrupt). By
having some hysterisis or hang-over time in the switching, clipping of
the last syllables can be avoided, but a compromise is needed with

the facility to 'break~in! (see 3 above).

4,2,2 Audio system used for experiments

Because of the unknown perceptual effects that voice switching
may introduce, it was decided not to use it. Great care had to be
taken, therefore, in the positioning of the microphones (dynamic
A.KoG. 19C), and the loudspeaker (4} inch Goodmans). The microphones
were supported on a flexible stand and were made slishtly more
directional by placing them in black foam tube thus reducing the
acoustic coupling with the loudspeaker, vhich was placed on top of the
television monitor, (see figuve 4,7)., These black foam tubes also
made the microphones less noticeable on the video screen. (Note,
the black foam tubos were removed while ti.e photograph in figure 4.7
vas being taken, so that the microphone would show up against the

dark background. )

P
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The rooms, in which the terminals were situated, were acoustically
treated by hanging double layers of curtaining around the room.
(This black curtaining also served the very useful pucrpose of increasing
the contrast of the image for the television cameras). The gain in
the audio channel wvas provided by a normal stereo amplifier (Leak
stereo 20) {
There is a standard method of measuring the loss in a specch path
between the speaker's mouth and the listener's ear for telephone
connections (RICHARDS 1970). This loss can be described in terms of
'reference equivalent', which is the setting of a well defined, though
arbitary, reference system (N.0.S.F.E.R.). This system will produce
the same impression of loudness, when a listener hears speech over it,
as over the test speecch path., This measurement system consists of
a microphone, earphcne and associated amplification with well defined
characteristics., A similar standard method for defining the loss of

loudsveaking telephone systems has yet to be established.

Because of the lack of a standard method and also the lack of
standard equipment for neasuring the loss of the.audio cystem used,
an arbitrary method had to be devised. Any method chosen should
mcasure the loss between the speaker's mouth and the listener's ear
with as much precision as possible., The method used consisted of
taking the difference in levels measured by two half-inch capacitor
microphones. One was placed in front of a simulated speaker's lips,
and one near the ear of a simulated listener. The audio source was
a compact 'hi-fi’ loudspeaker (Goodmon's Maxi) enclosed in rubber
foanm. A hole in the front of the foam. was made to be approximately
the same size as an open mouth., This source was piaced in a position
that a typical speaker would take, relative to the terminal equipment.
At the other ferminal o simulated body was placed in a position that

b

a listener would normaily adopt, i.ec. about two feet from the loudspeaker



100

N

*’)> E}Subject I
5/}

microphone . g z loudspeaker
A _
S~

}e
- "
1
oA - ez
noise .. JLov-pass
gencrator; (filter

¥ ,~'stereo’ amplifier

e et
i

l %
!

pre- ‘ pover I

=t |

i ~amplifier i 2plifer (

mixer
S VeUs
Y Y meter
video-tape
recorder .
pen oscillograph]
P
L : \f““ﬂ &
=7 -

Subject

Figure 4.9  Schematiz layout of the Audio Channel,




101

and one foot from the loudspeaking telephone microphone., The
distance of the capacitor microphones Ifrom the simulated mouth and
ear-is shown in figure 4,10, Bariier calibration of the capacitor
microvhones (B & K type 413L) and their associated anvlifiers

(B & K type 2603) showed that the levels measured with them agreed

to within = #+ di over the frequency range of interest, The measured

frequency attemzation characteristic is shown in figure 4,11,

The frequerrzy pass—band of the system was approximately 200Hz
to 3500Hz. This is slightly larger than that normally used for

telephone chamneis i.e. 300Hz to 3400Hz (C.C.I.T.T., 1968).  GLEISS
(1968) has shoun that a 100Hz band at the lower end appears to contribute
as much to the naturelness of transmitted speech as does a hand 5 to

10 times as wide at the upper end. This means that speech over the
audio system used in the experiment should sound more natural than

that encouniered in normal telephone channels, but, no doubt, normal

teleghone channelils will improve in the future,

L,2,3 Hoise

There are several different ways in vhich the speech path between
the speaker and the listener may be degraded. Typically in telephone
systens, there will be loss, echo, added noise, non-linear distortion,'
long propagation Lelays and asymmetry in transmission. Although changes
in any of these dagradations may also change the amount that the subjects
look at each other, for simplicity in this experiment only additive

noise was consideread,
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Noise from a white-noise generator (General Radio type 1390-B)

vwas firet filtered by a simple low passc KH.C. filter (cut-off frequency

(o

5000 Hz). The filtered noise was added %o the andio system botucen
the sterco pre-amplifier and the power amplifier (see Tigure 4.10).
This allowed the speech to be recorded with little noise present.

The noise levels were monitored by measuring the RMS voltage across the
loudspeaker coils with the same VU meter that was used to measure lhe

speech levels,

With the noise level. at 0.1 volts RMS across the loudspeaker,
the level and spectrum of the noise at the Liistener's ear was measured
(these are showm in figure 4.11). The noise level was measured with
a % inch capacitor micropvhone, placed Sem frem the Listener's ear.
Using a B & K type 2603 microphone amplifier with B weighting, the noise
level measured was 0,65 dynes per sq. cm.., (or 70.2 dB above the standard
reference level of 2 x 10 ' dynes per Sqe. chm.). At this level of noise
the peak speech to noise level was typically - 6dB, The spectrum was
measured by examining the output of the nicrophone amplifier with a

spectrum cunalyser (Tektronix type 315).
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4,3 The Laboratory Video System

A complete video system had o be built ynich would fulfil the
following requirements:-
1) Tt must be able te record the vides ims,

in the video telephone experiments.

2) It must be able to process the video signals in various ways for
any perceptual experiments, c.g. adjustable blanking, and the

addition of noicz.

3) It must ailov the repid switching of various different video signals
between different sub-units, enabling simple and efficient organisation

of experiments,

The following sections deal, very briefly, with some aspccts of

the systenm,

4,3.,1 Video Zynchronising System

As the horizontal edge detection circuit described in section 3.7
uszd a fixed video delay line (64 usec delay), the line frequercy had
to bhe very stable, The noise-stripping circuit, described ila the sanme
scction, required clock pulses at a rate which was at some integral
rmultiple of the line frequency. These two requirements were met by
building a guartz crystal clock pulse generator, followed by a binary

divider, (sce figure 4,12),
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To allow the apparatus to be useful for experiments other than
the author's, the clockpulse frequency was constructed to be twice the

.€. at the video Nyquist rate. ‘he video

N

moximum video frequency
bandwidth normally uscd for 625 line systems is 5.5 Mz, however, for
simplicity, a video bandwidth of 5.0 Mz and a clockpulse frequency of-.

10lHz were used,

The binary divider divided the 10 MHz clockpulse freguency by 320
to produce a 31250 Hz square wave, i.e. twice line frequency., This
square wave drove a commercial synchronising pulse generator (S.P.G.).
The S.P.G. (Philips EL8250) produced horizontal drive pulses and complete
blanking pulses, A1l these pulses were as specified by the C.C.I.R.

standards for synchrouous scanning.

to the composite video signal. This simplified many of the wvideo
processing circuits, as it meant that the synchronising pulses did not
have to be re~inserted into the video signal, if that processing circult

had removed them.,

A unit was also constructed which gave adjustable blonking pulges.
These pulses c.iuld be used to define aay arbitary horizontal rectangle
on the video image. An example of its use is showvn in Figure 5.1,
vhere a speaker's lips have been blanked out. The unit consisted of
Tour adjustable monstables (see Figure 4.12). These monstables MH1,
MH2, HV1 and }MV2, respectively, determined the horizontal powition, width,
vertical position and height of the required rectangular area of the

ScI'ec.
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Lh,35,2 Video Cor%rol Unit

A video conirel unit was construcbed, which enabled the video
signals in various parts of the system to bhe switched and monitored.
The unit contained two identical sub-units which controlled the
blanking, gain and type oif image thut was sent to each of the two

videotelephone terminals. (See Figure 4.13).

To facilitate the analysis of the non-verbal behaviour of the
videotelephone vsers, it was necessary to record the two different
images from hoth videotelepnone terminals. However, only one video-
taperecorder was available (Ampex VR 7003). Several different methods
were tried, and ithe must satisfactory one proved to be the simple
addition of the two video signals. This gave an image, which consisted
of both the viewer's head and shoulders 'ghosted! on top of one another
on the screen, (see Figure 4.14). The subjects were seated slightly
off-centre of the camera, so that the position of their eyes did aot
coincide on the recorded image. This tyne of image proved completely
satisfactory for determining the direction of gaze of both the

participants in 2 videciclephone conversation.

For recording, the videotanerecorder required a composite video
signal, so the’ the simple video addition circuit was followed by a
system of reinmserting the synchronising pulses inte the video signal.-

{see Figure 4.13.)

A gimple schematic diagram of the complete terminal und recording

equipment laycut is shown in Figure 4.15.
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Figure 4.14 An example of the type of image that was recorded
during the videotelephone experiments. This type
of image enabled the non-verbal behaviour of both

the participants to be studied.
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L.3.,3 Video Bzndwidth

As the system was designed for a 5.0 MHz video bandwidth, ide2lly
a low-pass lincaxr phase Filter with a cut off frequency of 5.0'MHz
should be used after each video sovrce i.e. the cameras. Construction
of two such filters (design as in WEAVER, 1958) was undertaken by the
techuical staff of Imperial College, but owing to an unfortunat
accident, the construction was not completed before the video-telephone

experiments toolx place.

The frequency of the system from 15 kiiz to 10 MHz wes measured
using an Airmec type 201 sine wave oscillator and a Tektronix type

S vy e

5450 oscilloscone,  The sine wave generator was fcd into the input of
the video control unit and mecasured at the cathode of the 'picture tube!
of the video monritor. As part of tlesystem was IC coupled,a small

DC component was added to the sine wave to ensure thnat no clivping of
the waveforu toox place. The resulis (Figure 4.16) indicatedthat the
voltage gain was constant from 30 kHz to 300 kHz and then fell gradually

until at 3 MHz it was 3dB dowm on the level a2t 15 kHz.

By using a standard resolution chart (Marconi Resolution Chart
No. 1) whick was [ixed in front cof the camera, it was found that the
horizontal resolution was such that 450 'lines per picture height!

were discernable; this is equivalent to a bandwidth of 5.6 liiz.
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h4,li  Data Processing Apnaratus

A schematic diagram of Ethe apparatuve nsed for processing the
experimental data is showm in Figure 4.17. In the author's experiments
1t was used in the rollowing manner, Each conversation in the video-
telephone experiment was recorded on to video tape., These recordings
were later nlayed Lo groups of observers, cach obscerving oue particular
aspect of one of the subject's behaviour during the conversation.

Jach observer had a button which he would press when the particular
behaviour that he was looking for occurred. DBach observer's button
was connected to one track of a paper tape punch unit, vhich consisted
of a DI puuch drive unit (typc DHM5021) and a Vestrex, 8 track paper tape
punch.  The naper tane was stepped forvord at a rate of 10 steps per
second, and vhen the obgserver pressed his butbon; the unit produced
holes (10 per second) along the length of the paper tape in the track
to vhich the observer was connected., The unit could handle a nmaxvimum
of 8§ observers simultaneously. Therefore, the timing and duration of

L gifferent forms cf behaviour for eoch of two subjects could be trans-

cribed from wideo tape to puach tape vith a timing accuracy of 1/10 second.

The paper tane was later read by a paper tape rcader (Tally type
46lh),  The paper tape in the reader was stepped forward at a rate of
10 steps per second, This rate was chosen because of the lim‘ted speed
of the event counters vhich followed the reader, Bach output of the
tape reader gave out a single pulse, vhich lasted for the whole period

ng through the recader,

(9

that there were adiacent holas an the tepc vassi
The outputy, therefore, correswvonded exacily to the original 'bubtton

press! of Lhe obscrver connected to that track.

Various combinations of the reader outvuls were then taken to a
logic patch--board, enabling the coincidence of variocus forms of behaviour

to be analysed.  For exauple, in the videotelephone eiperiment described
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in Chapter 7, fwur observers were vsed; two observing the two subjects!
speech and the oiner hwo; the subjects! looking behaviour. Using the

logic patch-boamd, it was then possible to analyse the amount of

'looking while listening' or 'looking while talking'.

The output of the logic patch~board was fed via buffer amplifiers
to electromechanical event counters and to cumulative timers., The
cumulative timer:s were simply digital. counters (I.D.L, Sconner typc
1800), vhich counted the output pulses from an 'and' gote, driven by
the buffer amplifiers and a 10 Hz pulse train. The buffer amplifiers,
event counters and cumulative counters were contained in a separate
sub-unit.  This sub-unit contained two buffer amplifiers, each driving
an event counter and cumulative timer, The two buffer amplifiers also
fed an ' and' gabte, which in turn drove an event counter and cumulative

timer, This sub-unit could be used by itself when only two behaviour

€.8. the lookirmg behaviour of two subjects end the eye contact between

then.

In all the suthor's experiments, the observer had to keep his button
pressed for the vwhole of the time that the particular behaviour which
he was observing occurred. The apparatus cculd be used for recording
events vhich have no well defined duration., TFor example, the cbserver
could press his Hutton once each time a question was asked., The
apparatus is thovefore very useful for recordinz and analysing a whole
range of different events and forms of Lehaviour that occur in

conversations.
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Chavter 3.

This chaptar describes an experincnt to investigate the
usefulness of different types of video images for lip reading.
The results are compared with those cbLtained by Sumby and Polleck,
who performed a similar exveriment using live spewacers and not
recovded video images, The chapter ends with a brief reveiw of

the literature on bisensory percention.
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5.1 Puvpose of Fxperiment
There were two main purposes for carvying out the experiments
degscrined in thic chapter,. The first was to find out whether the

video_telephone, with different tynes of video images, could be used
for lip reading. It is oiten assumed that executives and managers ol
large corporations will be the main users of video_telephones; this
will probably be true in the near future as this is the only group
that could afford the exvense of such a system, Fowever, i1 the
video_telephone proved useful for lip reading and it vecame much
'cheaper!, the deaf and hard of hearing would be one group that could
benefit from it. Because there is nc compulsory registration of
deaf persons, it is difficvlt to estimate precisely the number of
persons in this rather neglected proup; but GREGORY (19€h) estimated
that Lhere were 2.2. million persons in Great britaln who were deaf
or Hard of hearinz, One of the prnblems encountered in such a
survey is that of defining 'deafness', but the definition usually
used is 'evidence of disability in normal conversation', Very
little research has been done on 1lin reading and it is not known what
proporticn of deaf persons are able to 1lin read., The little work

that has been carried out on lip reading hes concentrated on a few
words which are difficult to lip remd, and the recognition of these
words by lip reading vere compared with recognition of the samne words
by means of elecironic tactile stiwmlators, (see for ewmmple,

DICKBTT, 1953).

The second reason for verforming the lip reading experiment was
to elorify a classical exverirent by SUNMBY and POLLACK, (1954) .
Their exveriment, revorted in a peper entitled 'Visual Coatribution
to Sneech Iatelligibility in licise!', may be summer ised briefly as

5

follous A% cach ewperimerital scssion, oix subjicts were used, vho

e

ware sented five feet from a spesker, Three Taced the spveoker, having
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a full view of nhim, arnd the other three fzgced away. Close Fitting
earphones were used tc carry out arviculstion tests for various

avdio signals to noise levels, aud frr various eizes of vocabularics.

The averase difference score betueen the {a0 groups of subjecis may

then be interpreted as the visual contribulbion to sneech invelligibility,
at the particular audio signal to noise level and size ol vocabulary

under test.

The results showed that the visual contribution was greater at
low speech to noise ratios., Howevery the: visual contribution as
defined by the diffcrence-scores hetveen suditory presentation alone
and bisensory perception must, necessarilyy be small at high speech
to noise rstios. This is because there is 1ittle room for improvement
with bisensory presentation compared wilh muditory only presentation,
However, the visual contribution, relative to its possible contribution,
was apvnroximately indenendent of the speech to noise ratio. Also,
at low speech to noise ratios the visual contribution was greater
when small vocabularics were used,
Althoush Sumby and Pollack shoved that visual cues may be used
to incresse speech intelligibility, they éid not show vhich visual

and facial wmovene:

D
ct+

Cuts were used. Thro Lo may have been used as
well as lio movements,  Also, the visual cues may have b=2en acting
as timing cues. The aim of this experinent vhich wves very similar
to Sumby and Pollack's was to demonstrate thr™ the main visval cue-
wag dn fact 1lip reading, ond that cartoon images may be sufiicient

for lip reading.
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5.2. Tiv Readins Wrmeriment

With the introduction of video-tape recorders, experinents
similar to thal of Sumby and Pollack could be repeated with greater
precision and flexibility. The improved precision comes from the
ability to re-record pnrts of the tests several times until a satis-

> «

Tactory spcech level is achieved. It is tnerefore rossibie to produce

N

a repealtable speech signal combined with a visual image, which remains
unchanging with time or number of replays; an impossible tusk for a
live speaker, Secondly, in live tests, as subjects have to sit near
enough Lo see the speaker, there sre dangers oI airect alr transmissions,
due to ill-fittirg earvhones, giving rise to erroneous speech to noise
ratios. This problem is comnletely overcome by using a video-tape

recorder.

Tt has been shown by ROSEITHAL (1943) that much of the transmission
of exoerimenter bias is carried out by wnintentional non-verbal cues.
To helv alleviate this problem, Roszenthal recommended that experiments
should be automated as much as possible, This may also be done with
a video-tape recorder by recording all the instructions for the subjects

on the same tape as the test stimuli.

The improved flexibility of using a video~tape recorder arises from
the ability to manipulate the visual image used.  Such manipulations
are:~ blanking off parts of the face, or 'close ups! of varts of the
face. Also, as a live speaker is not needed for each test, the

whole planning and performance of exveriments is greatly simplified.
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Anobther adveantase is ithat it is possible to perform the
experiments with many subjects at each segsion, The number of
subjects is only limilted by the muber of video monitors and loud-

sweakers available,

e of rvecorded silmuvli is that video-tape recorders
arc not easily stovped and started, so that the test words have to
come al fixed intervals, If the interval is too short, there will
be difficulty in finding the relevant test word on the score sheet
and the subject will thenwt be ready for the next word. If the
interval is oo long the subjects's attention may wander ond the test
would become uncounfortably long. It is necessary, therefore, to

carry out several preliminary tests before deciding on a word repetition

rate,

Another disadvantage is that if one recorded word is sooken in

o]

such o way as to make it harder to identify and this escanes the
experimenter's notice, then this error is repeated throunnout? ‘e tests,
If 1ive sveskers are used for the tests, such errors are more likely

to be randomly distributed throughout the whole tect series., Also,

as it is nol possible to change the whole order of presentation of the

test stimuli, it is mecessary to record long series of test stimuli, so

that any possible sequential effects may be balanced out,

The advantages of increased flexibility and precision, plus the
simplification of experimevval organization made nossible by using a

video~tape recorder far outweigh the disadvantages,
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Belels Vocabhulary

Sumby and Pollack found that under conditions of low speech to
noise ratio, the visual contribution (in terms of difference score) is
dcerensed as the size of the test vocabulary is increased.  Thus, by
chonsing a relatively small vocabulary, the differcnce between audio

only and audio plus visual presentation will be emphasized, therefore

making the comparison between the different types of imnge more precise.
The other main advantege of using a relatively small vocabulary is that
it simplifies the subject's search of the score sheet for any porticular

word,

A disadvantage of usingmall vocabularies is that any confusion
between two or more particular words will have greater inlluence on the
overall results than it would if 2 larce vocabulary vas used. If the
same vocabvlary is used to compare different audio processes etc., then

confusion betveen particular words is not so important.

Sumby and Pollack found little differcnce in their results when
using ppondees or tri-syllable words; monosyllables gave lower articulation
scores throughout, Spondees*havc a2 ereater homogerous andibility than
other typen of words (BGAN 1946) and they are, therefore, particularly

useful for comparison tests of different types of equipment.

The vocabulary used in the test revorted consists of 16 spondees
chonen from a widely used list (FGAN 1046),  As the list was American
in origin, it was essential to remove words peculiar to their languace

such as, 'bouckwheat' and 'sidewalk!,

The speech level during recording and playback was measured by resns

of a 'peak VU' meter (B & K tyve 2409),

* A snondee is a two syllable word with equal stress on both syllables.



5.2.3. Visual Imzoes Used.

Four different visual imoages wvere used and these are shovm in

Ea

Tace, such

™

Pigure 5.1. The lirst, (n) wos a close up of the speaker's
that the completc image of his head just fitted the monitor screen.

The speaker was facing slightly off the centre of the cemera lens and
this image will be referrcd to as 'face orly's. The second Lype of
image, (b), consisted of the speeker's head and shoulders, Both these
first two images were 'normal monochrome raster scamned images', as
described in section 3.6. “With the lahoratory video telephone link,
an image similar in size to the !'face only' would occur if the user sat
close to the terminal equivment and leared forward, whereas on image

similar in size to the 'head and shoulders! wovld occur iLf ihe user sat

well back in his chaivr,

The third tyve of imase., (c); was a cartoon of the snea
It was oroduced by vassing the video sicnal used to produce the *face

o

only! inmage through the cartoon generator, described in section 3.7.
The fourth imege, {d), was the same as the Tirst evcept that the
lips were blanked out, The image 2llowed the contribution to 1ip reading
the area arovnd and incluvding the lips, to be determined. This was
done by takin, the difference score between the results of the test
using the first and fourth images, This method was thousht preferable to
just uvsing the 1ivs as an image as a nair of liys flavping shout in isolation

on a rnonitor screen, is too far removed from any visual exnerience that

-4y

2 subjest is likely to have encountered, vheress,, a face wilh just the

livs blanked off does not look so unrealistic
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Figure 5.1 Facial images used in the lip reading experiment.

Photographs taken ‘rom the original video-tape

recording used for the experiment,
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S,2.4,  Fenevimenisl Procednre

A schematic diapram of thne interconnections betwesn the varicus
pieces of apparatus used in the experimeni is showm in Fi
video outpul of the video-tape vecorder (Ampex 7003) was fed tb tvwo
nine-inch monitors, These monitors were the same as those used in the

video telephone terminals, Fach monitor was placed on a table avproxin-~

3]

ately three feek frcom the subject.

The aundio signal was fed via a stepved attemmator to a mixer, vhere
it was mived with white noise from a noise generator (General Radio Type
13250 - B)}. The noise outvut was adjusted so that the stepped attepuator
setting was equal to the sipgnal to noise ratio at the output of the mixer.

L1Y

T ~nela
I uSan

-5
[

{

The ontpnt of the niver was amplified by a comnmercial amp 7

Stereo 30), which, in turn, drove a high quality comvosite loudspesker

Video~tap

noise Recorder
Igenezator ¢

= audio : Y Vvideo
Y stepped
l——-———— ry - " ]
¥ attenuvator
. —_ }
subject —
mixer
¥ e -
1 video
moni tor
amplifier — |
loud aker .
oudspeak video B
monitor i
— 2 -

subject! -
N

Pigure 5.2 Schematic diagram of apparatus layout.

+
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{Leak Bandi-ich). 'This arrencesent meant that tuo subjects could be
vaed at one time., The Urequency recabend of the audio system vas

- - s
S0n7 and C200Hz,

The supjiects were,siven the score sheel and allowed a few ninvtes

AL the baginnin " tne recordin

[3

[}
o

s
the speaker read the list of svondees {wice, and gave all the instructior
]

he teshy plus @ Teu exzmples.

The test corsished of sirzteen bleeks of sixteen spondees, Tn the
nt blocks, the choice veaz limited o the first or last eight
vords on the score shect. These first eizght blocks were used Lo ensure
that the subjecis vere Tamilisr vwith the words and their position on the
score sheet and aloo Lo familiavize subjects with the different forms of
visual vresentation. The subvjects were not informed Chatl this was a

'yractice session', The L=st eirht blocks used 211 sixteen vords on

the scorc sheet. Lach block wms presented with one of the four tyves of
isual image, The order of nrescntation of the visual images was made

pon=cyclic, so6 that carry-cver eoffect would be redunced, After cach block
.

wvas presented, taped instructions told the subjects waiech numbeored sheet and

which vords were o be used next.

Fach test word (a spondee) was prefixed by another snondee; this weo
d a5 2 tinine cve, The speakev, novmally lookineg down at this

rord list, loocked un as he said the second shondes, The suhiecls were
fully instrucied abovi Yiig nrocedure, The pailrs of svondees were vresented
al a rate of 1 vair per 10 ceconds.

lioise was suviiched on oniy during the blocks of sixteen snondees.
The same sneech to noise ratio vas used Tor cach tyne of the Tour viéual
ages oresented in tuen, the ratios beinsg randonly chosen fron 638 steps

over the range 0 ~ 3083,
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A total of thirvky subiccts were vsed; drawn from university

g
CD
[N M
of
)
o
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Q

studenlts or secretarial. staif. Pergons accustomed toweoring s

vere asked to wear them.

5.2.5. Results
The resulls are vpresented graphically in Figure 5.3, Analysis of
variance was performed on the data for the images used for Lipn reading
i.e. excluding the 'ULlanked off livs'! image,  ALL the subjects achieved
100% correct scores for the 0dR speech to noise ratio, so this vparticular
noise level was excluded from the analysis., The anz2lysis of variance,
shovn in table 5.1., took into account lthe fact that each gronw of subjects
was exposed to every tyre of video imare, but not ecvery different roise
level, The form of analysis of variance to be used in such 'repeated
measures exveriment! is described in VINER (1962), As the resulls were

ages', an X! = arcsinJX was perforiied on the

-

in the forn of 'wmercen

data, before carrying out the analysis of variance. (Sec EDYARDS 1948).

Although the analysis of variance showed that the tvpe of image used
vas a sisnificant factor, the difference hetween the scores For 'cartoon!
and 'face only' visval onresentation was very small, The difference
between the two scores for different speech to noise ratios is shown in

Figure S.4. Also shown in Figure 5.4, is the difference be*ween the
-

'Tace only' and *blanked off lins' vresentations, This difTerence score
is equivalent to the c¢ountribution that 1ip reading and any movement of -

b

the bHlanked out area sround the lins mokes to the intelligibility of the
spoken words.  For ine purpose of comvarison, the difference score (i,e.
the visual contribution) Ffound by Sunby and Pollack 7or » vocabuls vy of
sixteen spondees, is 2lso shewn ir Figurce 5.4, At larpe noise to speech
ratios, the difference score for the prosent experiment was avproriuately
80)%, end this is very close to the equivalent difference score Tound hy

Gunby and P@ lach (evuronimctely 707).
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Table 5. Analysiz of variance performed on the data from
the 1ip reading experiment,
Factors are: N = noise level (5 different levels)
I = type of video image (3 types)
SH) d.f. M3 r . significance
Belween ) 7 level
i) 1.5784 40,3945 9.6 £0.05
subjects within groups 1.8468 45 . 0.,0412
Hithin
I 0.3456 2 0.1733 10.6 <0,05
NI 0.3672 8 0.0459 2.8 N.Se
I x subjects within groups 1.4774 ‘ 90 0.0164 .
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Figure 5.3 Percentage of words correctly identified at various

speech to noise ratios using different facial images.
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Speech-to-Noise Ratio in dB.

Pigure 5.4 Difference scores

o] difference between face only and bianked off lips images.
L-~=~ Gifference between face only and carioon images.

n-—~ &ifference score found by Sumby and Pollack.
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I7 a snmller voosimlary was used, the serconinge of correct
responses vould be normally expecied to be hisher then that oblained
with a larger vocabulary, However, anAalysis of variaunce carried out on

all the data, including the practice scores where asunll vocanbulsry vas

used, showed that the size of the veocabulary was non-signiticant, This
result of lower than expected scores in the vractice sessions, was probably
due to some learning taking place, and the resulb may be interpnreted

a demonstration for the necd for practice sessions before the main session,

5.2.6. Discussion of Resultis

-

The resulls showm in Figure 5.3 and 5.4 are very similar to those
of Sumby and Pollack, and thus it may be assumed that the msin visual
contribution to sveech intelligibility in thelr experiments vas 1ip

reading,

Nonec of the subjects, vhen questioned, admitted to any previous

hy

rractice at 1ip reading and nany of the subjectsiere surprised ot their
ability to lip read, It is vossible that versons may use liv resding
as an aid to svesch intelligihility in certain noisy or quiet,solemn
environments without beinzg aware of it. An instance where a verson does
become aware of his perception of 1lip movements is when he is observing

a film or television monitor and the sound and visval imace are not
synchronized, TAYLOR et all (19A47) when studying deafness in jute weavers
(jute factories are very noisy chvirouments), found that the ability to

lin read was not related to deafnens,

The nezlizible difference betusen the resulis using a cartoon image

and a nornal monochrorie imase demonsirales hawvery 1ibtle informztion

need be suoplied For ciie snubjiect to be able to lip read,
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5.3. Bisensory Percention

In the liv reading erneriment renorted in the eariier part of this
chanter, the subliccis bad to perforn a bisensory percention task, vhereby

information about which word the subjects had to identiiy weas transmiitied

visvally, by means of livn reading, as well as aurally.
Althouch th= sbtudy of bhisernsory verception was not the motiv:tion

for that particuliar experiment, such An ¢ sent is Ideally suited for

studying bisensoxry vercevtion.

S5e3.1a Accersseory Stimulation

The studv of bisensory percevntion may bz split into tvo distinct
catezories. The first

concexrned with

[ N
o]

viiereast other, uzually unrelated stimuli, are spplied to another modzlity,

Hany exomplcs of accessory stimulation are guoted in a review of the

subject by LOVELESS et al (1970). A typical cwample is that, ween 1itting
different weishoz, subjects judsed thenm as lighter if the 1iTtine was
accompanied by an sudio tone, In another examyle, HERSHENSON (1952)

has shovm that tre averace reocilon tine to audio plus visual stimulation

var less than [for either singularly.
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are vossivly due to the wide ransce of pri- iary vercoulior

(&)
Por example, TRELAGL & HOWARTE (19%9) studied how the thrashold

detecting changes in the intensity of zn audio tone was sff
tining of a vieusml warning sicnal. Ar exveriment jn which the main

percepiual. task wags much more complex, vas performed by CABMICHATL et al™.

(10)?), o shoved how the verbal lobel siven to an arpitary line draving
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affccted the subject's ability to nccurately reproduce the line

drawing.

<D

One important Field of study concerned with accessory stimulation
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No cimple relaticnship has been found between noise and efficiency, as

the effects ol noise are very devendent on the particular task being
performed. (HOCKEY 1949).
DeP0le Comvined Vis 'l aud Audio Percention

The second catesory of bisensory pmercevtion concerns the situation
wnere both modalities convey relevant information. In particular, this
section will deal witl simultaneous stimule+ion of the audio and visual

senses,

When a stirnlus is difficult to perceive, the guestion arises as to

. I

whether its identification i5 based on a combinabion of evidence from

noth modalities, or from ons only. is many erperiments have shovn that the

orobatility of correctly identifying a stimulus is greater if hoth the
ear and eye ave used, compared with using either one sinsularly, it nust
be assumed that some form of combination of inforwation from the two
sensory modalitiess Takes place, These resulits stimmilated Zartvher

evperiments, wnich tried fo elucidete which of the many models vrovosed

=

for describing the cowhination of evidence wss more accurate.

The hypothesis fhet has arousea most interest is that of sensory
indenenéence, panely turl the eyve and the ear act as indevendent observers

of the stinmulus and de not exchange information hefore coming to their
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own decigions, I these tvo decisions are in conflict, the observers

m'st choose one or the othnr,

POTLACK (1SA4) performed en exveriment to test this nyvothesis of
indevendence, The audio stimnlus comprised monosyllzbic words recorded

at five different speech to noise ratios and played back via ear-phones,
The visual. stimilns consisted of the same vords nrinted on a moving belt
which moved at (Tive diffecrent speeds. Subjects had to identify the words
when the stimuli were vresented visually ovly, suditory only, or both
siyultaneously. The narticular nodel lLested i1s revresentad by the

equation (1) below:-

Pyy = By *Py- (PP ) eees (1)

where PVA fhe vnrovortion of words correctly identified with

i

suditovy vlus visual nresentation.

)
HI
or

ne propovrtion of werds correctly identified with

visual only nresentation,

PA = the propor#ion of words correctly idertified with

ntation.

o
s
(\
O
g
d
o]
)
'

The resulis for bisensory pserception obtained from the erveriment
were slightly higher than tha® predjctcd by eguation (1), but this small
aiffersnce could easily be accounted for by suall experiment errors,

The rodel nsad, which pave vise to equstion (1), i5 that vhenever
the independent decisions terkcon by the eye and ear are in conllict, the
observer choosss the corroct one, This, of course, avoids the question
of howu the observer knows vhich of the tyuo conflicting decicions are
corvect, This »articulsr model h2s also been vsed vhere iwo d3.flerenct

sourcees of infer- ation atout o common ztimiius ore amlied Lo one sensory

modality, For eraiple, TUNLILG et o1 (1985) used it o account for th

D

1.

resules ol an ezseriment where he vroctented wor

ds in a techistoscope, atter

shouing the suhjaats the contevi in vhich the vord may he used,
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GARNER and MORTON (1969) have carried out a logical snalysis of the
wreblems involved in experiments to investigate perceptusl indevendence.
They concluded that when correlated stimulus inputs are used, it is almost

invonsible to decide between the many different models nsed.

Another method of studying bisensory perception is to use shadowing*
(vncalization-at-oresentation). This method was used by DORWBUSH (1948),
who presented subjects with visual or auditory stimuli consisting of
rumbers and lethers, The subjects had to shadow the visual or suditory
stimuli and alterwards to recall both of them. Dornbush demonstrated
that equal division of attention between the auditory and visual modality
vaz not possible.

~

Four different criteria that the observer may use for deciding which
nf the decisions is correct when tle independent modalities come to
conflictine decisions, have been investigated by CORCORAN and WERNING (1919).
Tre most successful model that they provosed assumed that the two sensors

accompanied their discrete decisions with a confidence mensvre.

CORCORAN and WEENING (1969), in their experiments, used a modulated
Lome measked with noise as the stimulnus that had to be identified. This
modnlated tone was presented visually by means of an oscilloscope and
aurally via earphones, As the identification of tones masked by noise
vsing an oscilloscope is not an every day task,; the subjects had to under-
tnlke long training sessions, vntil they reached a satisfactory level of

rerformance.

.

If, however, lip reading was uvused as theoriginal stimulvs, this
coecific problem of long training sessions would he eliminated, as the
results of the experiment described in tlc earlier part of this chanter
indicated that subjects were already vroficient at lip reading. Also,

#11 the necessary equipment for an investigation into bisensory percention,

* Shadowing is the repeating out loud of items on one channel

immediately as they occur,
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using lip reading as bthe vienal stimulus, already exists. For these
mersons, the anthaor suoseste $hnt furbher regearch on higensory nercepha

ion may e accomplised using the equipment described end at 1illle cost,

If such on experiment was verformed, it wvovld not be necessary to
use such extensive speech to noise retios, or as many tyves of visual inmaze

as the anthor did, in his cxveriment, By uaing a more careful analysis
of the subject's responses, including their incorrect resronses, detection
theory may then be usefully apnlied in interpreiing the resultls, Caution
nmust be maintained when comparing the results of such an cxperiment with
those of other exveriments, where synthetic material vas used os stinvli
and where detection and not identification of stimuli was the primary

task.
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Chavier 6.

Identification and Apvarent Piroximity of a Video Imacge

This chanter describes two experiments, both of which were concerned
with the percevtion of a facial image z»pearing on a video monitor screen.
The first was an exploratory experiment carried out to investigate the
relative utility of different types of video image for tle recognition of
a person's identity. The second experiment inJestigated the apparent

proximity of a facisl image on &z video screen,
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6elels -Recoznitior

When a person is called on » telephone, he will usually answer it
by stating either his name, his telepvhone number, the name of the orgeniz-
ation that he represents or he may simply say "hello', The caller then
has to identify himself. There are a limited number of openings that
are socially acceptable and the sequence of these possible openings follow

a regular order (3CHEGLOFF, 1947).

If the videotelephone becomes widely used, there may evclve a set of
opening rituals particular to its use. Scme cof the openings used in
normal telephone conversation will scmdhimes be redundant when using the
videotelevhone, as the caller will recognize the nerson who answers his
call. The caller may recognize the identity of an individual, or he may

recognice the person's role from any uniform that might be worn.

The advantages of a videotelevhone over a normal telephone for the
recognition of‘a person's identity will, in most conversaltion, be most
important in the first few seconds ot the conversation, However,
because of this advantage, the videotelephone may be used for purnoses
hitherto uncouceived. For example, the police may be able to hold

'distant identity parades?.

As therecognition of a face is the recognition of a very complex
form, the following section briefly reviews the literature or the
vercention of form, This is followed by a description of an exploratory
experiment carried out to investigate the usefulness of different typeé\

of video image for the visual recognition of facial images.



6e1.24 Detection or Discrimination

Botu the cxperimants described in this chapter investigate some
aspects of the perception of facial images displayed on a video monitor,
Generally, perception can be defined as follows: an organism has
ed to

some aspect of the applied stimulus (DEMBER 19A3). However, of course,

\‘1‘

perceived a stimulus if the behaviour of the organism can be relx

perception can occur at differeat levels.

)

The purpose of the first experiment was to investigate the relative
utility of various types of visual image for the recognition of a person's
identity. It is, therefore, concerned with the discrimination of one
facial image from anotuner. Because the exoerimentsl method is in some
ways similar to that used by MARSH (1967) for investigating the relative
threshoid of detection for simple shaves, it would be useful at this stage
to clarify the difference between detectior and discrimination. This may
be done by considering a simple example. Assume a light is 1it momentarily
against a dark background, watched by a subject who is asked to say when
he sees the light, When he does so, he is merforming the process of
detection. If, however, the subject is aslzed to say vhat colour the iight
was, or what shape it was, he wovld then be making a choice between alter-
native stimuli, Since he would vresumably mneed to detect the presence of
the image in order to make a decision abouvt its colour or shape, the
process of detection would necessarily be essential to the more complicated

verceptions of discrimination (DTMBER 1943).

Further evidence of the distinction between different levels of
perception arises from the studies of the neuro-physiolozgicel structures
in the visual system of 2 cat (HUREL and WIRSIL, 1945). Thene ntndien
~e occurs initially on a

stare-by-stare brsis, g the neural signzls wenetrate Ifrom one layer of
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6e1.3. Visnal Form Discrimiration

The discrimination of one visual form from another is a task that
most veople perform many times each day. However, there has been very
1little work done on the perception of visual form. A reason for this
was given by ARNOULT (1957), vho wrote;, "the greatest single barrier
to the development of systematic knowledge sbout form perception is the
difficulty involved in describing the stimulus', Only a small number
of forms have nemes which are universsllysreed uoon; these are the
simple geometric shazpes like theatriengle, circle and squere etc.. 1ith
some formns, which resemble commonplace objects, there may be agreed names,
but there are large variations in the possible stimuli which may be given
a particular name, For example, most peovle may agree that a particular
simple line drawing is shaped like » car, but there are very many different

line drawines that could be labelled “car'.

One of the few experiments carried out on-visual form verception
was performed by BOYNTOW (1957). He presented subjects with shapes
masked by random shapes at various contrast ratios, The subjects had
to identify the particular class, from thre six possible classes that were
nresented, The six classes were: crosses, trisngles, cuadrangles,
pentagons, Y shapes and nothingons, which were arbitrary jagged shapes.
BUTLER (1954) presented pairs of shapes tachistnscepically to subjects,
who had to press one of two keys, depending on whether the shapes were
similar or different. The average reaction time was tzken as the measure
of Aifficulty in discriminating the shapes., Of the shapes used, it vas
found that the easiest to discriminate was a circle from a triangle; and

the hardest, a triangle from a dianiond,
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Other experimenters have investigated how much a form has to be
distorted before it is nol recognised as that varticular form.
Typical cf such experiments was that carried out by VENNER (1948), who
investigated how much the widlh or height of a square could be altcred
before it was perceived as a rectangle. L similar experiment, but
usinz more complex forms, was performed by VON DE GEER and LEVELT (19-3).
In their experiment, the form was generated by the movement of a spot
of 1ight.

In the exveriments described in this chapter, the stimulus form is
a facial image., ZExperiments could be performed to investigate the
discrimination of facial images from other geouwetric forms, and this may
give an insight inifo what features of a face are important for it tc be
recognised as a face, However, vhen receiving a call on a videotelephcne,
a person will usunally be concerned with whose facial image appears on the
screen, and not whether it is a face, A research programme has been
started by GARWEAU (~~-~) on what are the more important features of a

face that are needed for identification.

There are several different ways of catecorizing facial imaces.
One approach could relate to the person's role or status, i.e. o0ld man
or cpild; another way could depend on thre bhysicsl attributes of the
face; i.e., bald headedness or beardedness. 4 third method of specifying
a facial image is simply to give the person's identity and time of
recording. If this method is used for defining the stimulus for an
exreriment involving identification, then the relationship between
the person whose face has to be recognised and the subjects who have to
perform the identification is important., Further, it must be decided

how many different recordings of the facial imare of the nerson are fn

Pl

be used, If only one recording of each face is vused, then it snould
.

idcally be vpresented to each subject once only, as on ifurther vresentations
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the subject may recognize that particular recording because of some
aspect whiech is indevendent of the facisal image, i.e, & scratch on =
photograph or some detzil in the background. This problem may be
vartially eliminated by allowing a long period between each presentation

of the same image to each subject.
The following sections describe an exploratory experiment carried

sut to investigate the relative utility of different types of video imase

for the recognition of a verson's identity.
8 X J

€.1.4, Fscial Imares used for the Fxveriment

Photographs were taken of tleentire staff and students belonging
to the Communica.ions and Tlectronics Section (to which the author
belonged)., The format of the photographs was chosen to give an image

similar to that encountered on the laboratory videotelephone systenm.

From the whole range of vhotographs, eight were chosen (5 staff, 5 siudents),

and of the eisht,; 3 wvore smectacles, 2 had beards, 1 was bald, 1 wore

a moustache znd 1 was a negro. By choosing more than one person who

vore a beard and more than one person wno wore spectacles, this elininated
the vossibility that these rather vrominent [eatures alone would be used
for recognizing the nerson.

.I‘

Twenty subjects were used for

+

he entification task, ALl were

5
Joe
Qs

students belonging te the Section and had known the versons vhom they

had to identity tor at lesst ¢ months.
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6.1.5. Tyves of Video Signal Used

The source of the video images used wvas a plumbicon camera
(Philips LDHO150) with a slide holder attschment. The eight vhoto-

graphs used were in the form of positive transparencies.

Four different types of video image were used. Threec were various
forms of 'cartoon' images and the fourth, a normal mcnochrome video image
but masked with nnise. An example of ¢sch of the four different imases
is shown in Figure 6.1. The first type of cartoor image was produced
by processing the original video signal by means of a simple edge detector
(as shown in Figure 3.10). The second type of certoon image was produced
by using a circuit that could detect horizontal snd near horizontal edges
(as shown in Figure 3.11). The third type of cartoon image was produced
by adding the first two together and rlso using a noise stripoving circuit,
This was the type of cartoon used in all the videotelephone experiments
and a comvlete description of themethod cf generation of such an image

may be found in Section 3.7.

The fourth type of image was a normal monochrome imase (see Section

3.6)s However, if this type of image had been used for this experiment
(concerning theidentification of facial imeges) at thgﬂng%al to noise
ratio then the subjects would have obtained 100 correct identifications,
EBecause of this the signal was masked with noise at various sicnal to

noise ratios.

The noise source wes a General Radlo, 13%0B, ncice generator.
The noise irom the generztor was specified to be of Gaussian amvlitude
distribution and to have a flat frequency spectrun to an uvopner bandwidth
of 5 lHz. & simple check was carried out on the specificntions, The

amplitude distritmtion was checked by using 2 Quan-Tech Level Analyser,

vhich unfortunetely only has & useful bandwidth of 1 lMdz.
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Figure 6.1 Examples of the four types of video image

used in the facial recognition experiments.
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The percentage of time in 2 fixed period that the noise signal

amplitude exceeded agiven level as plofted against that level is showm
in Figure 6,2. The abscissa is scaled in units corresponding to a
cumulative pormal probability ditribution. As the graph in Figure 6.2
is wot a straight line. the amplitude distribution of the noise was not
truly Gaussizn, As no suitable commercial frequency analyser was
readily available, the freguency spectrum of the noise was tested by the
method employed by PEARSOLN (1945), Tnis method used the proverty that
the noise nower, and hence the square of the R.M.S8. voltage, is propor:i-
ional to the noise bvardwidth. The noise bandwidth was varied by uvsing
a number of Butterworth IT séction, IC lowpass filters (GEFFE, 1962) and
the r.n.s. voltage was me:ssured with 3 Ballantyne 3204 valve volt meter,
The results are plotted in Fisure 6,3, The graph shows a slight vprepond-

erance of energy in the upper frequencies.

For the experiment, the noise was keot constant at 0.16 volts rm.s.
and the video signal attentusted by a wideband otepned attentuator, The
sipnal to noise ratio was delined as the ratio of the peek signal voltage

to the r.m.s. voltage of the noise.

The video moritors used were the same as were used throurhout 217

6.1.6 Test Procédure

The subjects were
would have to identify. They were asked to state the neme of t

3

as soon 25 uhiwy conlé identify nim on the monitor screen,

In the first session, only the three tynes of cartoon imave were nsed,

mh
Lf

I’)

he totnl of 2L gif L .

ferent inmaces were nrrzented fo the cubiests in o

~ ~r el

randen order, As soon as the subject ? cdentificd the vperson whose

[ N

vendii
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facial image was showmn, then the next image was presented, If, however,
after 3 seconds the correci identification had still not been made, then
a new immge was presented. The experimentor made no response to any

correct or incorrect identifications made by the subjects,

The second session occurred 2 weells later, by which time it wes qowed
that the subjects would have forgotten any veculiar non-facial aspects
of the individual slides. In this session, the subjects were presented
wvith a monochrome impge masked with noise. The signal to noise ratio
vas increased in 1 or 2 db stevs every 3 seconds, until the subject
identified the facial image. Each of the § different facial images was
presented 3 times. The 24 presentations were shown in a random order,
This meant that some facial images were presented twice before others had
been vresented at all. This procedure was adopted so that the subjects
could not work out, by a process of elimination, vnich image was likely
to be shown next, Only the results of the first oresentation of each

facial image were recorded,

€.9.74 Results

Fizure 6.4 shows the relative frequency of correctly identifying the
8 different facial images, by using themonochrome image with various
sigral to noise ratios,  In plotting the gravh shown,‘it 1s assumed that,
if a subject can identify a facial imsge at one particular sishal to noise

ratio, then he will be able to identify it at all greater signal to noise

The results of us

e

ng the three different tyves of cartoon image nre
shovn in Table 6.1. Fach entvy in the bottom row of the table (i.e
eguivalent monochrome iwmnge signal to noise ratio).was obtained by firs:

finding for each individuzl Tucial imace the signrl to noise ratic of

the monochrome image vhich gave the same velative freguency of correct
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probability of correct identification
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Figure 6.4

}
-4 -2 ‘0

signal to noise ratio ( dB )

The results of the experiment to measure the
probability of correctly identifying a facial
image masked with noise; at different signsl to

noise ratios. (Monochrome video image used).

N
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Table 6.4 The results of the experiment on the recognition of
facial images using different forms of video cartoons.
(Bight different facial images were used; twenty
obeexrvations of each face were used for each type of

cartoon.)

type of cartoon image

— |
simple horizontal complete
edge edge cartoon
detector detector

Probability of correct

identification ( P ) 0.58 0.85 0.98

standard deviation

of P 0.21 0.15 0,05

Bgquivalent monochrome

image signal to noise ~6.6 ~3.4 -1,2

ratio. ( dB )
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Lo

identification; and then takineg the average over the 8 different

Taocial images. In som

D

instances, the relative fregsuency of correct
identification usine one of the cartoon images was 1.0. 1In such cases,
the lowest signal to noise ratio of the monochrome image that gave
completely correct identification was used. When the average was taken
in these instances, all that may be stated is that the equivalent signal
to noise ratio of a monochrone imace was at least equal to this average

and possibly greater,

6.1.8. Discussion of Results

The high probability of correctly identirying a facial imege when

3]

a cartoon tyne of imege is used demonstrates how little information i
required for such identification,. In vparticular, vhen the complete
cartoon generatc. was used, out of the total 160 visval presentations
(8 facial images x 20 subjects) 157 were correctly identified. The
experiment also showed that for identificationr purposes the comvlete
cartoon image was as good, and possibly betier, than a normal monochrome

video imase with a signal to noise ratin of -1.2. dB.

For 7 of the § different facial images, the probability of correct

-

the horizontal znd rear horizontal edge

4
feds
]
)b
|.J.
Q
o
<
54
o
=
<
0]
e
8}

), was higher than the probehility ohtained when vsing a
simple edge detector (PS). The average of the ratio (PH//P ) for 211

8§ facial imases was 2.26 (standard deviation = 2,55). This significant
difference (p = .024 by the Wilcoxan Sirned Rank test) demonstrates that
meny ol ine imvortant features of the Fface are horizontal, or near-

horirontal., This result may have been evpected as the mouth, evebrows

and oven 217 into +thas (‘n'{‘osorzr. The regnli zlec

more couplex cartoon generator for th. videotelevhone experiments,
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As soric faces might be erpected to be much more recognizable than
others, there may exist 2 correlsaticn betwesn the 50% threshold level

for recosnizing the monouchrome facial images masked by noise, ond the

.

-

probability of recoznizing the same feces vuhen usine some form of cartoon
image. Mo such correlation existed fer the faces used in the present
evperiment, but, as tests of significance for correlation coefficients
are very insensitive with small sample sizes, it would be exiremely
unlikely that any significant correlation could be shown, using only

eight different faces,

A criticism that may bte made of the exmperiment is that eight different
facial images is far too small a sample for them to be s tynical sample
and hence the results have little generality. It is because of this
possibilily that the experiment may only be thought of as exploratory.
There are very many oroblems that arise vher atlempting a similar exmer-
iment with a larger sample of facial images, the main one being that of
defining tlhe relatiouship between the persons whose faces are used, and

the subjects who have to perform the recognition task.

Although the exveriment shoved that a cartoon immge is sufficient
for identirying a person, vhat is not knorm is how good such an image is
for identifying facisl exporessions, The mzin problem of verforming an

-

experiment to answer this guesiion is that of accurztely defining a
facial expression (see Secction 2.%)., If such an exneriment were performed

1

using mapny types ¢ imace besides cartoon im=ges, valuable dats mivnt be

obtained which would helr in the design of videotelephone systems,
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£.2 The #vparent orovimity of a video facisl image

The provwimity or appzrent proximity between two versons is very
important during conversations. An expression that is sometimes used

to proclaim the merits of new tynes of communication
- [Y

[

gquipment is that

it brings peovle closer together!. The proximity ard relstive orientati-
-ion chosen by the participants of » f:ce-to-face conversation will denend
on the meeting vlace and the tyve of converzation (see Section 2.4).
However, with s videotelephone conversation, the psrticipants have little
control over their apparent proximity and relstive orientation. When

two persons are enzaged in a face-to-face conversation, the distance
between them will influence some aspects of their behaviour. In a

videotelephone conversation, the avnarent proximity may similarly

e

nfluence
certain aspects of the narticipants behaviour, For example, ARGYLE

and DEAN (1965) sho'red that, in face-to-face conversations, the amount

of eye contact incressed as the sevaration between the varticipants
increased, Therefore, we might expect that in a videotelephone conver-
sation, vsing terminal equivment for which the size of the monitor screen
combined withthe viewing distance mezke *he other particivant secem far

away, more eye conlact would occur thnau with terminal equivpment that

makes the other varticipant sapvear nearer. This, of course, zssumes

that certain aspects of human interaction behaviour will be simiiar to

both face-to-face and videotelephone convers=ations,
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necessary to determine how far awsy from each other the varticipants
thought they were. Later in this scction, an exneriment will be describ-

ed which was carried out to determine this avoarent provimity, but first,

~

there is & Lri=f review of the possible cues used for the percention of

distance,
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There are different visval cues that may be vsed for the
verception of proximity in face~to-face conversstions, The monocular

cues are as follows:

1) Relative Size; the perceotion of distance of an object will
denend on the size of the retinel im=ge produced by the object, and

how this compares with past experience of that object.

?2) Intervosition:; an object that overlaps another is assumed to be
T H J

nearer,

%) lLinear Perspective; parsllel lines or edges are seen toconverge

at a distance,

L) Monocular Movement Parallex;. when an observer moves his head,

near objects move relative to far objects.

5) Accommodation; when the eye is fecussed on 2 near object, objects

at a greater distance are blurred.

6) Aerial Perspective; when the surface details of an object cannot

be clearly seen, then it is assumed to be far off.

77 Light and Shade; the perception of distance is often affected by
lighting conditions, but this effect, along with aerial perspective,

nas not as yet been svecified in quantitive terms.

There are cves which will depend on the obeerver having two eyes

and these binocular cues are:

1) Convergence; the lines of firzation from the two eyes have to
converge on the object viewed. This cue is derived from the musclies

vhiich control the movement of the eyes, but it is not zn important cue

if the object is more than a Tew yards away,

e

2) Stereoscopic Vision; this cue arises from there being a different

retinal dimawe in esch eye,

The 1list of cues above was taken from an evtensive review of vignal

space vercevption by GRAMAM (1655). A mreat deal of reseawrch hos heen
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done on each of these cues =n?d also on combination of cues, particulariy

where they present conflicting evidence.

In @ normal face-to-face conversation, a combination of some or
211 of the cues listed may be used by a nerson for estimating the

proximity of the other. During & videotelephone conversation, many of

these cues will not be avasilable or may Tte distorted. As =2 small screen,

and hence a small facial image, is likely to be used; the retinal image
produced by such a facial imsge will be the sesme size as 2 retinsl image
produced by & 'live! face at a greater distzance than the monitor screen.
However, maﬁy of the other visual cues such as binocular convergence,
stereoscopic vision, accommodation and interposition will indicate that
the facidl image is at the same distance as the monitor screen. ¥fnich
of these is the more important will depend on whether the observer is
just looking at a face on the screen or whether he is involved or inter-

acting with the image.

Ainother Tac*t»r that may influence videontelephone users' verceotion
of proximity of the other user, is the knowledge ihat they may be

vhysically separated by very many miles.

There are;, of course, audio cues as well. Hence, if the outovut
volume of the loudspeaking telephone is low, the subject will seem to

cult to

2o

T

fbe

be far off. This may be an important factor, out it is d
quantify. For this reason, the experiment described in the following
section was limited to the percevtion of vroximity using visual cues

only.
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be2:2 Fynerinental Avvaratus and  Preocedure

A positive trensoarency was vroduced of a persen (4A.V.) who wes
familisr to all the subjects who particinated in the evneriment, The
forma®t of the transparency was the same as that encountered in the
videntelephone exmeriment (see Ficure 3,7 Tor example of format).

This fecizl irase vas displayed on a moniter (fhe same as that used lor

all other evveriments) by means of a plumbicon cemersz plus a slide

holder, The size of the facisl image on the monitor screen was 2.6.

of
times smaller AW.'s actuval Tace, Baring the experiment, the

an
subjects were seated =t a distance of 38 inches from the monitnr screen,
This meant that the size of the subject's retinal image vroduced by
A, 's facial image on the monitor screen, vould be the seme as that

produced by A.W. standing 100 inches away from the observer.

The video monitor was vlaced at the end of a tunnel, 11 inches
deep, 9 inches high 2nd 8 inches wide. This was done because in the
videotelenhone exveriment, the video ronitor ot each terminzl was olaced

in a similar tunnel (see section 4.1.7).

—n

i large model of the Front of the monitor and tunnel was constructed,
and the dimensions were arranged to be Z.6 . times tne actual size, This
meant that when it was viewed from a distance of 100 inches azway, it woulg
form the same size retinal image as the actual Zonitor and tunnel,

viewed from a distance of 38 inches. The wihole model was arranged So

tha'

-

AJl. cculd carry it in such £ fasnion thal, when viewed from the
front, his facial imazge would have the same formal as did his recorded

™
=

image on the video monitor screen. lack curtaining hung from the

bottom of the model, in order to obscure A.W.'s Teet.
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video

monitor

tunnel - 7F

subject

model of tunnel

. Gistance measured

SN

a2

direction of A.¥.'s movement

Schematic diagram showing the relative positions of

the subject, video monitor and A.¥W., during the

experiment to detersine the apparent proximity of

a facial image on the video monitor screen,(not to scale)

Table 6.2 The apparent proximity of a facial image on the monitor
screen. The first and second column headings refer o
the direction of movement of A.W. during the experiment.

towards avay avay
(inches) {inches) towards
average
distance 220 198 5.905
95% confidence 188-265 175-228 0.994-0.823
! limite | !
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For the experiment, one subject at a time was seated facing the
video monitor and at a disisnce of 32 inchesarmy, Each subject was
given the following instructions: "A.Y. is going te walk towards
you very slouly, When he seens to be at the same distance awvay as he
appears on the video monitor, say NOW", A, then started walking
slowly towards the subject, from an initial distance of 50 feet. The
line of apvroach was 900 sway from the subjecl's line of regard for
the video monitor (see Figure £.5); this meant that the subject had to
turn his head in order to get a clear view of A,%, Uhen the subject
uttered "NOW', a note wes tsken of the distance between the subject
and A.Y., but A,!/, made no change in the rate of advancement until he
reached the subject, At this point, the subject was given a similar
instruction as before only substituting "away from' for "towards",

The procedure wzs then repested with A.W, walking slowly backwards.

€.2.3 Resulis

Tuenty-one subjects were used. Ore subject made vse of his thumb

1-de

held out at arms lengthy in a menner similsr fo a lendscspe artist, in
order to judge the relative sizec of the monilor image and that of ALY,
Because of this, his result wes excluded from the anclysis belowy
however, it is interesting to note that this subject guaged the apparent
nroxinity of the facizl image on the wmonitor screen to be much nearer
than any other subject. (Fis estimuate of 403 inches was very similsr

to one that would occur if only the relative sizes of retinal imsre

vere used to judge proximity.)
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distances from the subject vas vrovoriionad

t
disternce and hence approximately proportional to the reciprocal of

]
-
D
o
O
D

the distance. For this reason, when calculating the average di
etc., the reciprocal of each subject's estimation of the distance was
used. By doing this, a more conservative Tigure was obtained for the

averace equivalent distance.

The resnlts are summarized in Table 6,2, For esch suvbject, the
ratio of his two estimates was calculated, i.e. estimated distance when
being a2poroached divided by the estimated distance when being receded
from. The average and confidence levels of this variation is shown

in the third column of Table 6.2,

6.2.4 Discussion of Results

The results clearly show that, when a facial image is viewed on
a small, monochrome video monitor screen; it must vroduce a larger
retinal imace than that onroduced by a 'live' face, to azppear at the

same proximity as the 'live' facc, One yossible reason for this is

that as the monitor screen can bhe seen to he small compared to its
surrouvndings then images wroduced on it tend to look smzller than the
natural sizes of the objects depicted {see VIERNWON, 1953). Other factors,
which possibly aflfect the vercention of azpnarent proximity ere viewing
distance, screen size; 25 well as the very limited nature of the raster

scanned sonochirone images,



158

Consides the nossible implications of tliese results, First,
the appsrent vrovimity of sapprovimately 200 ineches jis much oreater
than the ’comfortable disfance for conversaftion', which is about 60
to 70 inches (see Section 2.6). Users, therefore, may feel rather
remote from each other. Second, the amount of 'eye contact' and
'looking', measured during a conversation over such a link, is likely

to be higher than that measured in face-to-if=ce conversations.

Examination of the third column of Table 6.2 shows that there waz
a significant difference between the results obtained when A,YW. was
aporoaching the subjects and vhen AV, was backing cuay from then.
Because, in this experiment, A.¥W., always moved towards the subject
before backing away, it is not possible to state whether the sicnificanct
difference vas due to the direction of movem=ut or the order in which
these movements occurred, i.e. there mey have bheen carry over effeects,
Any possible carry over effects could have heen eliminated, if the
crder in which the direction of movenent was carried out wss alternated
with each new subject, With such a procedvre, some difficulties will
arise, particularly et the beginning of each session when AW, starts
close to the subjest. As the author's experiment was only to obtain
an estimate of the apparent provimity, the simple procedure was adeguote

for this.

It would be interesting to repeat the evperiment but vsing a range
of monitor sizes ©.d viewing distances, in order to find which
combinations gave an apparent proximity avprovimating to the comfortable
conversation distance, A criticism of such experiments, and also of
the author's experiment, is that only a stationary image without sound
was vsed, and that subjects only observed th= imace and did not interacth:
with it. A more realistic estimate of nroxdimity mayv he obtained by
performing measurements on the forms of non-verbal behaviour that are

knowin o be dependeni on vroximity, i.e. eye contact.
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With a videotelevhone link where the distance between the user

and the camera is less than the appsrent distance of the fecial image

|..v.
s
-

on the screen, any forward or backward movement of The user w
produce a distorted imvression of movenmen: to the other person. Tor
example, with the laboratory terminal eguipment, if the subjecis leaned
forward, theivr Tfaces would tynically be 31 inches away from the camera,
vhereas, if they leaned backwerds in their chairs, the distance to the
camera became 52 inches. This movement of 21 inches produced a change
in the size of the facial image on the nonitor screen by a factor of

Te7e As the

the movement of 21 inches hy the subject produced an invression of a much

=y

acial image tyvnically appeared sbout 200 inches away,

greater movement.,  The - only way that this problem may be overcome
is to place the camera at the samec distence from the user as the apvarent
the lack of

b4y

distance to the facizl image. Unfortunately, becauvse o
space, this solution was not possible in the laboratory experiments.
However, this is a factor that could be considered by designers of

commercial eguipment,
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Chapter 7

The Looking and Speech Behaviour of a Videotelephone User.

This chapter describes three experiments pe:formed to
investigate the looking and speech behaviour of a video telephone
user. The first; a preliminary experiment, measured the user's
total duration of looking and the loudness of his speech when
noise was added to the audio channel. The cecond, a main experiment,
investigated the user's looking behaviour in more detail, and compared
the measured duration of eye-contact with the expected duration
of chance eye-contact., The third cxperiment measured the looking

behaviour of conversants with different status,
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7.1 Introduction.

This chapter describes three different experimcats that
were carried out to investigate some aspects of a person's
behaviour when engaged in a conversaticn over a videotelephone
link. By studying this behaviour, it was hoped that a greater
understanding of the use of the video image in communication

would be obtained.

In selecting what forms of behaviour to study, it was assumed
that the users of a videotelephone would attempt to use many of
those non-verbal cues that occur in normal fac~-to-face interactions.
(Chapter 2 reviews the literature that has been published on these
cues). The user may display some forms of non-verbal behaviour
that are not visible to the other uvser because of the limited video
image format used: e.g. the user may make some gestures with his
hands which are outside the field of view of the camera. With
prolonged use of the videotelephone, users may also aevelop non-

verbal cues which are peculiar to videotelephone conversations.

Although facial expressions will te used by the participant
of a videotelephone conversation, they nave been ignored by
the author, as no sinple method has yet been devised (or is likely
to be devised) to classify them. (See section 2.4,)

The terminal equipment and scating arrangements used for
the author's experiments were organized so as to reduce to a
minimum any movement of the subjects. Thiswas done so that the
subjects would stay in the field of view of the camera, but it
also meant that cues of posture and orientation (see secticn 2.6)

could be ignored.
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The forms of non~verbal behaviour that received most attention
in these experiments werc those of the direction of gaze and its
interaction with a person's speech behaviour. In a face-~to-face
conversation when a person is coming to the end of his utlterance,
he will usually look at the other to see how his uttersnce has been
received. He will,; therefores, obteain 'feedback' information about
the other's reactions and will modify his future behaviour
accerdingly. A&Alse, during the utterance the speaker will have short
glances at the listener to see if he s1ill has his attention as well
as to observe his reactions. By looking at the other person at the
end of his owvmn utterance, a person will find out whether the other
person has scomething to say or whether he, hinself, may carry on
talking. Conversely, to the person who is listening, the other
person's looking behaviour indicates whether or not he has finished
speaking. Thus, looking behaviour is used to help synchronise
speech (KENDON, 1967). Looking behaviour has an indicative as well
as a communicative value., Section 2.5 reviews the literature

concerned with looking behaviour,

Because of its importance, the cue of gaze direction should
be readily available to users of videotelephone and, wherever
possible, videotelephone terminals should be designed to minimize

any distortion of the perception of this cuc. (See section %.1.)

Even were a person's direction of gaze not one of the more
important non-verbal cues used during a dyadic interaction
(see section 2.5), how much a user looks at the video image, or ,
whether he even bothers to look at all in some circumstances,

should be of great interest to designers of such systems.

Videotelephone users nay look at the video moniltor screen

and yet not interact directly with it as they would if it were
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a person. For example, they might have prolonged gazes at the
screen, independently of the video-image's gaze behaviour. Such’
long gazes, in a normal face-to-face interaction, vould be
embarrassing and may even have sexual overtones, A method that
may be used to help decide whether or nol 2 person does interact
visually with the video image is described in the following
section 7.7.1. In many videobelephone conversations, the video
image will have some of the attributes of a person and also some
of an inanimate object. For example, it is an inanimate object
to engineerc who are discussing its relaiive technical meritis,
or to the two users vho agree to swvitch it off. It takes some
of the aitributes of a person if, during a corversation, one user

is directly influcnced by the direction of gaze of the video~image.

Even if a persou does not dirgctly interact with the video-
image, he will be influenced by it. He will be able to infer from
the image whether or not he is being obmerved by the other person.
If a person knows that he is heing observed; it will greatly influence
his behaviour and state of mind. SARTRE (1243} describes the reactions
of a person who discovers that he is being observed. Sartre also
asserts that looking and being looked ot are two different states
viilch camnot occur at the same time, within the same person.
LRGYLE AND WILLIAMS {1969) investigated what influence experimental
variables had on a subject's feeling of being observed while carrying
on a conversation. They found that a perscn being interviewed
feels more ohserved than the intirviewer., They also showed that
when two subjects were conversing, the relative lighting conditions
end the looking behaviour of the other subject bas no influence on
the feeling of being observed. This iast result is not uncxpected
as it is the knowledge of being observed that is important and

not the avility to sec the observer.
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ARGYLE, LALIJEE AND COOK (1968) performed a series of
experiments vhere the subjects! vrisibility cf each other, while
engaged in a conversation, was varied. They found that the
synchronising of speech was worse vhen vision was reduced
c.g. there were more interruptions and pauses when the vision was
reduced. Also, when more visual information was available, subjects
felt more comfortable and better able to perceive the other subject's
reactions. However, in the author'!s opinion, some ol these effects
may be attributed to the methods used lor reducing the relative
visibility of the subjects i.e. wearing of masks or dark glasses,
and not the reduction of visibility; itself., They also found that
subjects' feeling of comfort was greatly influ.nced by asymmetry in
their relative visibility of each other. Because of this, if one
person engaged in a conversation over a videotelephone link switches
off the camera in his terminal equipm~nt vhile the person with whom
he is conversing is not able to switch off his camera, then the
person being observed will feel less comfortable. (A situation

similar to that of the telescreen in George Orwellts 1984.)

In a1l the experiments described later in this chapter, no
asymmetry was introduced into the two video chanuels between the

subjects conversing over the videotelenhone,

Several authors have shown that the sex of the persons
engaged in a dyadic interaction will influence the looking behaviour
(see section 2,5)., In all the experiments performed by the author,
only male subjects were used. However, it is very uniikely that
this would influence the various conclusions drawn from the

experiments.
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7.1.1 Intcrcaction with a Video Image.

Cne¢ of the main questions that the expsriments described in
this chavter hope to answer; is whether a pz=rson using a video-
telephone interacts with the video image that appears on the
monitor screen. It is not obvious from a cursory examination
whether subjects do, or do not, interact with the image. For
example, they may look intermittently at the image but their
behaviour, and partiscularly their looking behaviour, might not

be directly influenced by the image.

The question whether the subjects interact with the video
image, may be answered by comparing the actwal amount of eye-
contact that occurs with the amount that would be expected if
the two participants were just 'looking robots!, i.e. if the
subjects aid not interact with the video image and the eye-
contact just arises by chance, If the actual amount.of eye-
contact is significantly above or below the chance amount, then
it can be assumed that subjects did interuci with the video image.
If, however, the actual amount was not significantly different
from the chance amovnt, the question is still unanswered.

STRONGMAN AND CHAMPNESS (1968) estimated that the duration
of ‘chance eye-contact! between two simple *looking robots!,

A and B, by using “he following formula:

~.»_. Chance eye-contact = LA'LB - ees(1)
T

wvhere LA is the total amount of time thxot A spends looking at B
LB is the total amount of time that B spends looking at A
T is the total time considered



166

To show that this very simple formula may lead to erroneous
interpretation of results, consider the following example. Two
subjects are engaged in a conversation znd each subject looks at
the othcr one as soon as he hears him start talking and stops
loolzity as soon as he hears him stop talking. Each subject's
looking behaviour is therefore determined by the other person's
speech, Further, assume that the subjects never both speak at
the same time, hence, during this conversation there will be no
eye~contact. Then, by using the argument in the previous para-
graph and the simple formula given, it would be shown that the
chance eye~contact and the actual eye-contact were different,.
Hence, we would make the conclusion that the subjects did interact.
This, of course, is a correct conclusion as the the subjects must
have interacted in order for them not to have spoken at the same
timey but the interaction used only audio cues and not visual cues,
50 it would have been incorrect using the simple formula given to

conclude that there had been any visual interaction.

As users of a videotelephone link are almost certainly going
to interact verbally, any useful estimate of the chance eye-contact
must take this verbal intersction into account. CHAMPNESS (1971)
has used a formula for estimating the chance eye~contact, taking
into consideration any verbal interaction. Unfortunately, because
of limitations in his measuring apparatus, he had to assume that
one or other of the subjects in the conversation was always talking
i.e, there were no silent periods. This assumption would have been
inappropriate for the author's experiments, particularly during
the 'trucking game conversations!, where the silent periods were on
gqual to 4O of the total time.

The following paragraphs show the derivation of the formula
used by the author for estimating the duration of chance eye-contact.
It uses a simple probablistic model and, for the sake of brevity,

the following symbols are used.

O et h M A 5 e b e moteaam Y5+ 5 e g WA -



167

U, = Total duration of A's utterances.

.U = Total duration of B's utterances.

X, = Total amount of time that A spends locking at E, vhile
listening to B's utteraﬁées.

X, = Total amount of time that B spends locking at A, while
listening to A's utterances.

Y, = Total amount of time that A spends looking at B, while A,
himself, is uttering.

YB = Total amount of time that B spends looking at A, while B,
himself, is uttering.

As before, LA and LB are the total amount of time that A and B

spend looking at the other subject, and T is tr~ total time of

the conversation.

KENDON and COOK (1669) khave shown that the amount of looking
while listening (X), and the amount of looking while telking (Y),
are two consistent aspects of a person's looking behaviour.
Conclusions reached from using these measures are therefore more
likely to be méaningful than conclusions reached using other

arbitary measures of looking behaviour.

Using the simple probablistic approach, we may say that the
total duration of chance eye-contact during all of A's utterances,
will be equal to

*A*"B . eeo (2)

Similerly, the total duration of eye-contact during B's

utterances wiil be egual to

—-
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Now, assume tliat the amount of time that both subjects spend
talking at the same time (Joint utterances) is negligible and may
thereforz be ignored. Thic essumpticn wos valid for the author's
experiments, as the average measured amount of joint utiterances was
only 2 to 3% of the total time. We can now calculate the total
amount of silent periods and this will be equal to T - UA - UB'
The total amount of time tha® A spends looking at B during the
silent perioed is L, -~ X, - ¥,. Similarly, for B, the total amount

A A A

of time he spends looking at A is equal to LB - XB - YB. The total

chance eye~contact during the silent periods will be equal to:

(L,-X,~-Y, Jo( L -X_~Y_) :
A~ AT B "B °B )

( T-U,~Ug )

The total duration of chance eye-contact during the whole of the
conversation will then be obtained by adding together the terms
(2), (3) and (&) and %his will give:

total chance eye-cuntact =

Ty Xp YpeXy ( L XpYy )e( LpXp¥y )

+ S —————— + ...(5)
U U ( -G, ~Upy )

A B

The formula, (5), given above, will give an estimate of the
total duration of chance eye-contact Letween two subjecte who
interact using audio cues and not visual cues., If the actual
amount of eye-contact measured was significantly different from
the chance amount, it will show that the subjects used visual,

as well as azuditory. cues in the intevaction. For example, if
‘ the actual amount wzs much less, then it would show that the

subjects actively avoided eye-contact; this may be expected

-

TP ————— Y

1 B T e o -

P
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to occur in embarassing, or in some highly competitive, situations.
If, however, the measured amount of cye-contact was greater than
the chance amount, it would show that the subjects actively sought

eye~contact for a variety of reasons.

When deriving the formula for charce eye-contact, the measure
'total duration of A's (or B's) utterances' was used. The word
‘utterance' was used in preference to 'speech! or 'talking' because
in the meaeurenents performed in the experiments described later in
this chapter, the length of an utterance! was taken as the time
from when a person started speaking until he stopped speaking.
During the period of a single utterance, the fiuent speech may be
interspersed vith filled pauses or halting speech, Any attention
signals produced by a subject vhen listening to the other, such
as 'yes' or 'l see', vere ignored. The same criteria for measuring
the length of an utterance was used by COOK (1970) when investigating

various aspects of a person's verbal and gaze behaviour.
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7.2 Stimulaiion of Conversation

In 2.y experiment where conversation is needed, there is a
problem of keeping the subjects conversing naturally for a length
of time, This section reviews methods used by other workers and

describes the methods used in the author’s exweriment.

In some of the earlier worl: on eye-contact (EXLINE and VINTERS
1955), interviewing thke subject by a confederate was used. The
disadvantage of this is that the confederate’s knowledge of the
experiment design may influence the results. Also, during an
interview, the person being interviewed may feel ill at ease and
have the feeling of being observed (ARGYLE end WILLIAMS 1969).

Other methods of stimulating conversation have been developed
for the testing of telephone circuits. These typically consist of
the identification, by one person, of random shapes described by
the other. The disadvantage of this method For the experiment
described here, is that much of the time is spent looking at the

random shapes and not at the other person in the interaction.

In some tests on eye-contact (for example see ARGYLE, LALLJEE
and COOK 1968) the subjects were just asked to discuss a series of
topicsy, such as books, films, home towms etc. This method is often
successful for shoirt conversations, but the conversations may become

laboured or 'dry up' after some tine.

MORLEY and STEPHENSON {1970) asked subjects to perform a
simulated union-management negotiation. They compared the results
when the negotiation was carried out face-~-to~Tace with that carried
out over a telephone. Although this method produces a conversation
which may be considered as very realistic, it does reguire that the

subjects whe participate in the experiment be given very explicit
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instructions as to the maximum or minimun acceptable wage settlement,

as well as a great deal of background information.

The Morley and Stephenson experiment was only concerned with
negotiation; but there are, of course, many different classes of
convarsation, When investigating the effects on conversation of
various forms of distortions or limitations which occur in
communication channels, it may be fruitful fto use several different
classes of conversation. The vroblem, then, is to identify the
variouz classes of conversation possible e.g. discussion, guarrel,
instruction etc., and to find methods of stimulating them in the
laboratory (CHERRY, 19G68).

Methods of stimulation used by the author

For the present series of experiments, a simple method was
reguired waich would make two subjects converse frecly for some
time and would not reguire meny instructions. Two nethods wvere
used for the preliminary and the main experiment. The {irst vas
simply to ask the subjects to discuss their plons for the summer
holidays or auy films that they had seen. This first method
produced a relaxed form of conversation, similar in many ways to
the 'pleasantaries' often used at the beginning of =z meeting between

two persons,

A second n=thod was simply to make the subjecls play a
simplified version of the game developed by DEUTSCRH and KRAUSS
(1960), vhich they used to study bargaining over telephone channels,
Here; subjects imagine themselves to be the operators of rival
transport companies. Fachh receives an imaginary pay-off each time
his lorry reaches the opposing terminal. The layout of the roads
and the control of the pules means that there must be some formn of
bargain reached or a deadlock occurs (see Figure 7.7 for the layout

and rules). At the start of the game the rules are taken away after



4

3 9] 10f11]12
] H :
: Q/// terminel

:> 51618 \9 <% B

1121314

terminal

et

B 9 | 10j11]12

N

A g
Ve 2\
N

h SRR NTAYY
BT

you are piayer A
Rules

1. Bach player sets out from his own terminal towards the opposite
one, and collects an imaginary £10 when he reaches it, then he

must return to his own terminal before beginning another itrip.
2. The goal is to earn more money than the other players
3. Player A begins, then each player moves his own lorry in turn.
4. Bach lorry can move only in the forward direclion.
5. Each move may be 0,1, or 2 numbered sguares.
6. The gates A and B are controlled respectively by players A & 3.

7. Bach player can move freely through his own gate, but must ask
for and receive permission of the other player before passing

through his gate, in either direction.

8. The lorries cannot move toward one another on the same road,
this causes collision. If collision occurs, both lorries must

return to their respective terminals and begin again.

Figure 7.1 The rules and layout of the game used to

stimulate conversation hetween subjects.
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the subjects have read them for only a few minutes, This leads to
further discussion between the subjects as to what the rules wvere,
and liow they should be interpreted. Subjects were also given the
freedom to implement any new rules that they agreecd upon. To
encouraie further conversation, certain aspects of the diagram showing
the plan of the road ard terminals were made purposely ambiguous.
For example, it is pot clear from the diagram vhether or not sguares

1 and 12 should be considered as part of the terminals.

The aim of this second method of stimvlating conversation was to
produce a conversatior which would contain negotiation, discussion
and factual enguiry. For example, if this method is successlful, the
subjects might be cxpected to discuss the rules of the game, or any
new rules that they may devise themselves, and also to make factual
enquiries about the position of the other person's iruck; or whether
or not h2 had permission to pass through his opponent's gate; negotiations
with each other may be expected to occur vhen one verson is required
to give way to the other in order to avoid deacrock. This type of
conversation may be typical of business meetings, after the initial

pleasanteries have been dispensed with.

In both the methods of stimulating conversation described above,
the two subjects in the conversstion had equzl statns. A third method
of stimulating conversation, used in a later experiment, was designed
to give one of the subjects greater status amd control of the conversation
than the other participant. ' This third metod capitalized on -
situation that only occurs once a year at Imperial College, namely,
that it is the custom for third year underpgradustes to show small groups
of first year undergraduates around the postgroduate laboratories, in
order to give them some idea of the kind of research carried out in

the college.
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On arrival at the author's laboratory, the senior student and
one of the junior students were seated at each of the videotelephone
terminals. The senior student only, was given the instructions for
the experiment and he was given a2 form which he had to complete.

The senicr student then proceeded to describe three different shapes,
vhich the junior student had to identify from twelve different shapes
that he had before him. The shapes and labelling of the shapes were
the same as those used by the British Post Officey; for conversation
experiments with telephone circuits (G.P.0O. drawing Numbers EX28609
and EX28508). The senior student was instructed not to show the
shapes that he was describing to the junior student., VWhen they had
finished the shape identification task, the senior student wrote the
results on the form, and then to complete it, he had to ask the junior

student for his views on the vidco syscem.
¥y

In the conversationsl situation, descrited above, the generally
higher status of the third year student is augmented by the fact that
he, alone, had the instructions as to the experamental procedure and
by the very nature of the task. The conversation produced by this
method of stimulation should be similar in m&ny ways to a senior person
interviewing a junior or subordinate. Because of his stalus,or role,

o~

the senior person might be expected to ask mcst of the guestions, to

give directives, and generally to have contrcl of the conversation.
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7.3 Preliminary Experiment

7.3.1 Chiectives of the preliminary experiment

The preliminary experiment had the following objectives.
1) To see if the 'trucking game', described in section 7.2, would

keep subjects conversing for up to 20 minutes.

2) To invesitgate the subjects! behaviour when different levels of

noise were added to the audio channel,
3) To find what leagth each sample of conversation should be.

L) To see if there was any difference in the subjects! looking
behaviour while playing the 'trucking game' amd when engaged in
relaxed conversation.

5) Simply to'perform a trial run on the experimental procedure,

using the whole apparaius.

7e¢3.2  Experimental Procedure

For this experiment, six different levels of noise were added to
the audio channel. The noise levels were monitored by measuring the
RMS voltage across vhe loudspeaker coils by msing a B & K Electronic
Voltmeter (type 2409). The six measured levels were: 0,002 { no
noise added), 0.032, 0.1, 0.32, 0.56, 1.0 volts r.m.s., these being
approximately equivalent to steps of 0, 25, 33, L5, 50, 55 dB.  With
the noise level at 0.1 volts, RMS, across the loudspeaker, the peak-~
speech~to-noise ratio was typically -6 dB. & spectrum of the noise

_issghown in Figure 4.11.
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Only the monochromz image was used in the experiment. The

video images transmitted between the two participants were recorded

on a video~-tape recorder. (See section 4.3.2 for method used.)

The two subjects in each test were placed?gither terminal with
a copy of the rules of the trucking game., A large drawing of the
'road layout' was supplied, so that they might keep track of the
rosition of their imaginary lorries. The rules were taken away after
two minutes and the surjecis were told to start playing and to
continue playing for about twenty minutes, when the experimenter would

tell them to siop.

The subjects were informed before the test that different audio
noise levels vould be used. During the game, each noise level (other
than zero) was chosen. The condition of no noise occurred three times;
at the beginning, at the end, and approximately the middle ol each
scssion.  Each level of noise lasted for a period of three minutes,

and there was & total of eight three minute periouds,

¥hen the iast period of noise was finished, the subjects were
asked to stop playing the game and to discuss, for about five minutes,
their plans for the summer holidays. No noisze was added during this

period.

7e543 TForms of Bechaviour

Sveech Level

Many different methods have been established for measuring the
level of speech during a conversation {(RICHARDS (1959) has made a

comparison of the main metheds). The method uwsed in %this experiment

e e v —
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was to use the pesk RHS reading of a VU meter (B & K type 2409),
Readings were taken during the experiment of the 'peak reading' for
each utterance made by the subjects. Tihe advantage of this method
over some of the more established and sutcmated methods, is that the
slamming of doors, othef people's speech, and subject's non verbal
utterances, e.g. laughter, tapping of the microphone etc., could
be ignored. This mcthod, therefore, measures the peaks of purposeful
utterances. As'the terminals were situated in laboratories which
were in constant usey door slamming etc.; occurred quite frequently.
It was normal to take 10-15 readings per subject in each 3 minute
period, and the arithmetic mean of these was used. The measurements

wvere performed during the actual conversation.

Amount of Conversalion

The audio sigrais from the two terminals were passed through a
simple envelope detector to a ven oscillograph (A.E.I. Mk.3). It
was then possible to measure the total period spent talking and the

total arount of silent periods, by using a cartographer's pedometer.

Amount of Looking and Eye Contact

During a playbackk of the video recording, two observers each
concentrated on one ¢f the subjects engaged in the recorded conversation.
When the subject, whom the observer was concentrating on, apparently
looked at him, he pressed a button for the duration of that look.

The observer's bultons were connevted to a unit (described in scction
holi), which 21lowed the total amount of 'looking' and aumber of
'looks! to be recorded, plus the total amount of eye-contact and the
number of 'eye contactst. When a recording of one of the conversations
wvas re-analysed for a second time, the results for looking and for

eye-contect were within 5% of thosc obtained in the first anslysis.

o

- oy
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In the following sections, references to the amount of looking,
eye~contact, and increase in speech level during the silent periods
refer to the average of these measures during the three periods of

silence.

7e3.4 Resultis

Initially, five pairs of subjects were used; one pair, however,
interpreted the rules quite differently to the other four groups.
This particular pair played the game in a co-operative manner, their
conversation consisting only of numbers, and they hardly looked at the
screen at all. Because of this, their conversation was not used in
the analysis to obtain the following resulis. The results may be

summarized as follows:

1) Conversation tendsd to become very laboured when the noise level
reached the 55dB level; two of the four groups stopped talking

completely.

2) The level of speech increased as the noise was increased. Figure
7.2 shows the average increcase in speech level for different noise

levels.

%) The time spent talking by any pair of subjects varied between 35%
and 80% of the total time available. VWhen a comparison was made of
the amount of time spent talking Auring the different periods of noise
for any particular pair of subjecis, the standard deviation of the

emounts was zlwayc less than 10% of the average amount., Thus, over

any 3 minute period, the amount of time spent talking, by any particular

pair of subjects, varied very little no matter what the noise Ievel
was, so long as it was not the 55 dB level. This did not apply when

1 mimite periods vere couslderede
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- ——

RPN —




179

asker

t loudspe

r

~

scale
els

4

ponsy

I

Tl

1

e

[ows

: ==

.
T

132

LYy

L1
bowt

T

. "

iy

=t 4= ]

AaB

it
1

ORI

———
asesay

S
LL

o=

11

Bk

o

i
5

Level

ceased at this

3088 Riabe dabus

13

1.0 volts r.m.s.

=
-

fferent lev

i

Ipoaa
idZ
pagos bool)

Noise

1 e u
S g i - D
138 137
Hhial
s e e
e
i

!

er ey S e Y e R Vb ms e At s e s .

cak speech level for 4

el
RTuThoad any o]
1 ﬁ [0}
248 A88 W
R 3
! LAY
- 3R YN RO)
t t
ThT o
il s :
ekl HiEhE o :
1517 [l B0} :
Hre
w v O
i Y g
Al 0
HiTHe e 51
il ol m
0 Ay
pEss! i mv )
: ! . g B
. i YR 1
= W e )
JHM - - = [ESDERCEYS PUDUCETUDE EOPOEINUEY N o & o
ERLE : 2 o !
i i : :
i 5 : B m
J¥Egis to ety 3 T H
iasiepitHy i3 b3 12 2 N b
; : .
HhEH i t~ i
B3I ESES ERIEREET B S o ) i
Titel Sireis IR e T3 B
e ERH e R i 5 ;
HUEREEG AL i 15 &0
BUNR JSRSS SRREN pRETY SEUPY Fun o o .
H Laaiiaxtat RERRETEY ERCTS Hit 4 =4 :

s
-!-—‘:
b,
jo

|

rease

-~ W

18 !

5 - .

o~ 9 :
o ;

Q O .

(SO .

o] > . ’

A = I ] :

< A :



Porcentage

of time spent
'looking' and
in 'eye=ccntact!

' |\Ax|u“ 1Rl 'ljrx 1324 MY S &1 FN R § SR NRESNESFEETI] JUSEIRI : (IR NEESE EIETESart] SISISITU NSRS SRS FRLL) (T30 ',,_1‘
Saee Fy 999 e e " DEONUEIETS FIPTURIN S o} Sy bfva [eddaa ity wheifeeeifrsd s ko
b SUeEOthI! NI 1o . bapant PR pREees 18 I00btH b3 | (S200s 08 y
g o eobbelt LI 3 T ™17 ot 1 T el : Thit T
PR Y Aropesrent o] }8 98 Spn Eh e o 6 S8 0wt bud bol fostes - I 11 H RS Be
Y EBREtettt Hittnn gads) ot S b o e ot Fet e B B
b 3 I Y H B
Y Doy vt eadbrregdeby BS POSIY POURNBON & g pae < PR BUPREPERN P B4
B3 PRSBeotE: [Tl Saoud esel FREELAIoe B el b 4} i s nnied ke SEIM vy
B B e baat ERakii il Bl Footl SR RIL X e -»’ 4 4 L Eatds . + = - t.,cn-«.-” IR RSN
2 pOg PEGSSS IO NP BRGGE POOSY PION I by S IR O PRaS Spshos b S j hptey [} RS Ea o S &l e B 94 : [
S 1 o FREEte [ Bt o
IR Bered i K : et b8 s .
St it g 3 o j} [nasas e na gl 1
IE e faseston 4 T s i IO b ap{ T
R EE oyt [N H L ; : i HE
jof sBoalsil] R s t B
Fad Excatitifi Riehi i " ¢ 1]t
i o
i

TITTIT
LI
[Spenaavey

.
3
G ierais

Tyotolill

\*

O3
2
N
oy
3z
tEass

H

S s RIS
Htloet s " RE R E:
i I S

el

B ey e s S ey

Tei ; ¢
HRad ‘
FResErH [ N R : 2
Bstsoii it S 03¢ i N
jme poesgady Trre " I P ey mer B3]
g boSotaiottiitins SESH H e 4!
2o } S Spgitnp o4 1 b 8
: 353! ; tppREEE e
-
it S== :
M "
1 +
20
[

BROS

PSS S B

JEpnY pupy

[Sows

PUBOS S

;
1
i
!
iy H
{0 =~ T s !
i § it
.'_: 3 1
21 ! 11
3 - ‘
e - ——
5 i ==
89 I i e
P i s
& :
o H 1 1=

081

0.01 0.1 1.0 volis r.m.s. at loudspeaker

Figure 7.3

55 50 dB scale

Noise Level

Average amount of 'looking' and 'eye-contact' for different

noise levels., ( 8 pairs of subjects used )




181
Analysis of the subjects 'looking behaviour' showed a possible
increase in the amount of looking when coudio noise was present.
Because of this, a further four pairs of subjects were used, the
procedure being the same as before, bui using only the O dB, 35 dB,

and 50 dB noise levels.

The average amount of looking and eye~contact for different levels
of audio noise is shown in Figure 7.3. Exauination of Figure 7.3
~hows that there was a negligible difference between the average amount
of looking during the periods when 35 dB of noise was added, but the
average amount of looking during the noisy periods was greater than
during the periods when no noise was added., Bv simply examining
Figure 7.3, it seems that there is a possibie increase in the amount
of eye~contact Auring periods vhen noise is added to the audio system,
but a full analysis ol variance would have to be carried out to be eure

of this.

The average amount of time spent 'looking' during the game was

18%, while the amount during the relaved conversation pericd uvas 116%;
¢ (&} H

the difference between these two means was significant at p { ,005 (t=5.84),

7«3.5 Discussion of Results

The 'trucking game'! proved to be a very simple znd useful method

of stimulating a varied type of conversation fc.' all, but one, of the

nine pairs of subjects used. This pair played the game in a co-operztive

a conversation consisiing mostly of numbers. A
repetition of this type of conversation may be avoided in futurs

experiments by stressing the competitive nature of the game.

v m———
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That som: subjects stopped talking at the 55 dB noise level is
probably not a reflection of normzl behaviour. If the subjects were
not constriined by the experimental conditions; they may probably have
stopped talking altogether, or perhaps moved o a quieter location,
at much lower noise levels, The level at which subjects stop convers-
ing will also probably depend on the nature amd content of their

conversation.

From Figure 7.2, it may be seen thal subjfects increased thelr
speech level s the audio channel noise was imcreased. This increase
is due partly to the subjects talking more loudly, and partly to then
moving nearer to the microphones. GARDNER (4956) found that subjects,
asked to repeat sentences to cach other over @ high guality loudspesker
link,; increased the level of their speech by approximatcely 10 B, for
a change in noise level of 40O aB. Gardner's result though slishtly
larger is very similar to the result of this experiment, taking into
consideration the difference in the subject's tasks, the communication

link, and the methods ol measuring speech level.

The little variations in the total time spent talking by any
particular pair of subjects, from one 3 minute period to another, showed
that 3 minutes was a suitable choice for the length of different noise
periods. If a shorter period had been chosen, the zmount of talking,
in any particular period, would have to be taken into account when any

measures such as th- amount of 'looking' were meeded.

The preliminary experiment reported in tris section demonstrated
that both audio noise level and the method of stimulating subject's
conversation influenced the subject's looking behaviour. The
experiment described in the following section investigates in greater
detail this change in subject's looking behaviour; it also investigates
how ihe type of video image used may influence looking behaviour, A
discussion of the effect of avdio noise on suhject!s loocking behavicur

appears in section 7.4,6.

[——
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7.4, Main Experiment

7.4.1  Cbjectives of the main exveriment

This experiment had several objectives., The first was tu find
out whether a person using a videotelephone interacts with the visual
image on the screen and to find out whether this possible interaction
is affected by the type of video image; the type of conversation, or
audio noise level. This is done by comparing the actual amount of
eye contact and the chance amount between two users; the rationale

for thisc is given in section 7.1.1.

The second objective was to investigate any changes in the looking
behaviour which were produced by using different forms of video image,

different types of conversation, or diiferent audio noise levels.

A third objertive was to see if certain aspects of the user's verbal
behaviour were affected by the different experimental conditions. Only
very simple (i.e. measurable) aspects of the subject's verbal behaviour
were investigated i.e. the number of requests for repetitions, the

number of interruptions, and the number and total length of utterances.
The otjectives, stated above; are all parts of the main objective

which was to obtain a better understanding of precisely what use is

made of the video image by a videotelephone user.

7.4.2 The experiment

In this experiment, three different factors were varied. The
first factor was the form of communication channel which the subjects

had to converse over; the sccond fact~r was the method of stimulating
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conversation; and the third was the level of audio noise added to

the channel.

For the first factor, three different forms of communication channel
were used, The first of these (M) used a monochrome video image to
augment the audio channel; the second, (C), a cartoon video image to
augrient the audio channel and the third, (A), used only the aundio channel.
The main parameters of the two types of video images are given in
section 3.6, In all three different forms of communication channel,
"loudspeaking-~telephones' were used, and these are described in

section 4.2.1,

Two different methods were used for stimulating the conversation
between the subjects. These two methods were the same as those used
in the preliminary experiment; i.e. %o discuss their summer holidays
or films that they had seen etc,, and to play a simplified version of
the Deutch and Krauss trucking game., The first method created a pleasant,
relaxed conversation, and the second a conversation typical of a

bargaining or competitive situation.

The third factor, the amount of noise added {o the audio channel,
was only varied while the subjecls were playing the trucking game.
Although it would have been interesting to vary this factor during the
pericd of relaxed conversation, as well ss during the game, to do this
would have lengthened the total duration of the relaxed conversation,
and thus the conversation may have become rather laboured. During
the game; the zudio channel noise was adjusted Lo be at one of two
different levels; these will be referred to as the 'low' and 'high!

_ levels. The low level of noise was the inherent thermal noise of the
system plus any room noise picked up by the microphones. This noisce
. level produced,on average; a voltage of 0.002 volt r.m.s. measured
across the loudspeaker coils. The high noise level was produced

by adding filtered white noice to the sudio system so as to produce

a voltage of 0.1 volts r.m.s. across theloudspeaker coils,

- par—— .. -
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The high noise level was approximately 35 dB greater than the low
noise level and during the high noire lovel the peak speech to noise
ratio was typically -6 dB. This level of noise war chosen because
the preliminary experiment indicated that it would produce a change
in the subjects' looking behaviour, yet not produce any undue
difficulty in maintaining the conversation. (See section 4.2.3 for
the freguency spectrum of the noise and the method used for adding

it to the audio channel.)

Experimental Procedure

For the experiment; the following procedure was adopted, A pair
of subjects were seated at the terminals and asked to talk to each
other about their summer vacation for about five minutes. They could
communicate by one of the three different forms of communication
channel described above. After about three minutes, *hey were askc
to stop and each was given a copy of the rules of the trucking game.
After a further ~~2 and a half minutes, the rules were taken away
and they were asked to start pléying and to continue until asked to
stop. The subjects were informed that there would be periods when
andio noise would be added and that the video image may change or
even disappear. During the game, each form of communication channel
(#4,Cy or A) was presented vith each level of noise' (H & L) producing
six different periods in total. Each period lasted three minutes,
and at the end of each period a short burst of noise was added to the

andio channel.

At the end of the sixth period, the subjec.s were asked to stop

playing the game and to telk about one of the subjects on the list

£ oA m
4 wviinille oL

e iist contained the following subjects; travel,

books, films. After they had discussed one of the topics for about
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three minutes, they were asked to change to another topic, and were
finally stopped after a further three minutes. During these last
two periods of relaxed conversation, the two forms of communication
channel that had not been used at the begiuaning of the experiment,

were used,

To finish the experiment, the subjects were asked to fill in a

guestionnaire. The questionnaire asked the following questions:
1) How easy wes the conversation vhen audic noise vas ~dded?

2) How well could you communicate your ideas or feelings to the

other person?
%) How well would you rate your own comfort?
L) How well could you tell how the other person was reacting to you?

Thece four questions had to be ansvered with reference to each of the
three different modes of communication used (i.e. audio chennel only,
normal image, and cartoon image). Subjects rated their answers on &
scale, 1 to 7, ranging for example, from comiortable to uncomioriable.
They were then asked what was the main thing virong with the video~

phone system and what wereits main advantages.

Although it is difficult for a subject to rate, for example, khis
comfort on such a seven point scaley; it was his relative ratings for

the three different modes that were of interest, Hence, a subject

may have difficulty in .deciding whether his comfort, for one particular
g s

mode of communication, should be rated at & or 5, but once this rather
arbitary decision has been made, it is easier fcr him to rate his

relative comfort for the other modes.

]
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The ordcx used for the different experimental conditions is
summarized in table 7.1. Six pairs of subjects were used; this
number war~ chosen because it eaazbled a cumplete; counter balanced
design to be used for the game vart of the experiment, thus balancing
for any rirst order carry-over effects (See COCHRAN & CO¥, 1957).
The order of the three forms of communication channel used for the
periods of relaxed conversation was alzo counter balanced. Ideally,
to eliminate all carry over effects, the different periods of the
game should be mixed vp with the periods of relaved conversation, but

this would be very difficult to organize.

211 the subjects used for the experiment had performed at least
one of the simple perception or lip reading expveriments. They were,
therefore, familiar with the system and the different types of video
image used. This should have reduced any bchavior due to the
novelty of using the videotelephone system for the first time. All

the subjects werey however, ignorant of the particular measures used.

The whole of the six conversations were rccerded onto video tape.
This was later played back to four observers; two observing the two
subjects' speech and the other two, the subjects' looking behaviour.
Fach observer pressed a button and kept it vressed while the particular
behaviour that he was looking for; occurred. The observer's buttons
wvere connected to a paper tape punch. For each three minute period
of conversation; tl'2 first 15 seconds were ignored, thus giving subjects
time to become aware and adapt to any changes that had occurred io the

type of video image or audio noise level.

The paper tapes were then passed several times through the processing
unit, described in section 4.4. For each three minute period, the
total duration and number of occurances of the following Fforms of
behaviour were obtained:. looking, eye-contact, uttersnce, joint utterances,
looking while listening and looking while uttering.  The numbor of
‘role changes' in each three minute period was also recorded (role
change refers to the change in role froxn speaker to listencr and vicce

verse), Al the data was punched onto computer cards, A computer

s s s
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Order of 1he different exverimental conditions

vsed in the main exneriment.

A = audio channel only

Il = monochrome image plus audio channel

C = cartoon image plus audio channel

L = low audio noise

H = high avdio noise

pairs relaxed trucking game relaxed
convers— convers—

ation ation
M AL CHE ML C.L AH M.H c A
2 c M.H A C.. MK,L CH A.L it A
3 A AH M. H.H AL C.I. C.H c M
4 M c.L M.H C.H AH A4A.L M.L A c
5 C ¢c.H C.IL. A.L H.B WM. A A ot
6 A M. L AL, AH C.H M. HMH ot c
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program was written which calculated the average and standerd deviation
of the percent of time, number per minule and average duration in
seconds, of each form of behavicur., The program slso calculated Tho
total. duration of silent periods in each three minute period, and also
the amount of 'clance eye-contact! by using equation (5), given in
section 7.1. fnalysis of variance was also performed on the dataj
the form of the analysis of variance used is described in the following

section.

7.4.3  Statistical Analysis

In many experiments using factorial designs, the analysis of the
data is simplified if separate subjects can be used for each combination
of experimental treatments. Hovever, if the experiment contains
several factors, difficulty often arises in obtaining suificient numbers
of subjects, It is often convenient to cbserve each subject under more
than one treatment condition. These tynes of experiments are uvsually
referred to as those in vhich there are ‘repeated measures'. The
different forms of the analysis of variance that should be used for
experiments containing repeated measures are to be found in WINER (1962).

There are two main advantages of using a reveated measures design
for an experiment, they are: 1) economy of subjects; thus enabling
simpler organizatiion of experiments i.e. instructions have to be given
less often, 2) cach subject serves as his owvn control; this is particularly
useful when Lhe responses of people to the same experiuental treatment

show & relatively large variability.

——————nn
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The model used for the analysis of variance for a simple, one
lactor; repecaled measures experiment, where eachk subject receives

every poesible treatment of the factor, is:

Hgg murbyrmy o (Bpig v egy ee (1)
where
Xi4 = the criteria measure for treatment, j, on subject,i.
J
u = grand mean for the treatment population
tj = effect of treatment, J.
8y = constant effect of subject, i.
(St)ij = treatment subject interaction
eij = experimental error (mean equsl to zero and normal distribution)

It is the i.clusion of the term Si that differentiates this model

from that used when different subjecls are used for each possible

combination of treatments. The model is linear and additive but does

not include any carry-over effects, The order of treatment on the

subjects should, therefore; be counter halanced so as to reduce carry-

over effects., The model, and hence the analysis, can be simply
generalized for experiments with more than one factor, procvicded that
each subject received every possible combination of treatments.

Now, consider the analysis of variance used for the 'trucking
game' part of the conversation., This had two fixed factors; the
first was the form of conversation channel (B) and the second, the
level of audio noise (N). 'The different pairs of subjects may be

considered as a third factor (P). Many of the mecasurements taken on

d

each individnal are lilkely +o bc cerrclated with those tsken on the
other subjcct with whom he is convers.ing (i.e. the total duration of
the subject's utterances are likely to be negatively correlated to
those of his purtner). To climinate the effects of any posslbl

e
correlation and to reduce the experimental error term, a fourth two
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level random factor (S) was introduced. One person from each pair
of subjects was ascigned to one level of the factor, and the other
person was assigned to the sccond level of the factor. A standawd
library computer programme for the snelysis of variance of factorial
designed experiments was used to compute the Sums of Sguares (8S) and
Hean Squares (MS) for each factor and interaction of factorzs. (lNote,
the notation to be used in MSA = Mean Square for factor 4.)

To test the null~hypothesis that Tactor B had only a2 random effect
(i.e. there was no difference produced by the differing forms of

communication channel), the following statistic is calculated:

F = B 0000(2)

Similarly, for factor N (audio noise level), the statistic calculated
for the test of the null-~hypothesis is:

M3,

I o-oo(})
M5 (e

F =

and for the interaction of factors N and B, (NB), the statistic is:

F = YSyp) ceeo ()

MS ( PNB )

In general; for any factor Y with ¢ treatment levels in a
factorially decigned experiment where there arc repeated mezsures on
n persons or n pairs of subjects etc., then the statistic uscd to test

L1, .

one null-hypolhesis that factor Y has only random effect is:

M3

F = Y {

P T
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Significance levels ¢r probabilities of Type 11 error may be calculated
with the aid of tables of the cumulative F distribution, having (n - 1)
and (q - °) degrees of freedoi. (4 derivation of equation (5) may

be found in WIKER, 1962.)

An exactly similar analysis of variance may be carried out using
the method of stimulating the conversation as a factor, instead of the

audio noise level.

Vhere tlie observations of a person's bebhaviour are in the form
of percentages or proportions (i.e. the total perceat of time speat
looking), these observations will approximate to a binomial distribution.
Hence, the variance and mean will be related. then such measures were
used, a X' = arc sin 4/i\transform was carriecd out on the data, before
performing the analysis of variance (Sce EDJARDS, 1688.) It is
fortunate that the distribution of the I ratio in the analysis of
variance is relatively little affected by inegualities in the variancee

which are pooled into the exverimental error.
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7.tk Results

The main results of the experiments are surmorized in tables

7.2 tc 7.6, =nd these may be found at the end of this section.

Table 7.2 gives the means of the various observations under each
combination of experimental treatments. Also showm in table 7.2
(last column) is an estimate of the mean crror of measuring the various
forms of behaviour. This estimate was cbtained by replaying a part of the
video recordings of conversations by two differ=nt pairs of subjects to the
observers,for a second time. For each part of the recording used, the
percentage error of each measure was taken as the modulus of the difference
between the observations of the first and second replays, divided by the
mean of the two observations. TFor example, if the observed dvration of
looking during the first revlay vas Lq, and during the second replay, I
the percentage error was given by the followings:

2 ]

|z, - 1,
percent errvor = 200 .

111 + La

) ~

The table gives the mearn error; thus for measures performed on each
individual's behaviouvr, it is the mean of four, cecparate estimates of the
percentage error, vhereas for joint mecasures (eg. eye-contact and joint

utterances), it is tie mean of the two, separate estimatces.

Table 7.3 to 7.5 chows the analysis of variance performed on the
experimental data, Only the mean square (11S) ie shown as the sum of

squares (SS), and the F ratio may be calculated from the given 1S. The
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he rejeclion of the null-nypothesis, that any
particular factor has a random effect, is indicated by asterisk
*Ep<0.05, ** =p<0.01). In these tables, the figures within krachets
in the row labelled 'average! are the averages ¢f the traunsformed data.
Vhen performing analysis of variance for the various forms of looking

behaviour, the data for psriods when there was o video irage available
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was excluded from the analysis.

Before performing the analysis of variance,; the experimental data
(or the trensferred data where the original was in the form of percentages)
vas tested for homogeneity of variance., Only two of the many different
measures were found to have heterogeneity of variance, and these wvere the
'mean length of each look' and the mean length of each 'looking vhile
listening!. TIuspection of the data for both these measures indicated that,
for each combination of treatments, the standard deviation was approximately
proporltional to the mean. DBecause of this, a transform of the form
X! = log (1 + X) was used on the data before performing the analysis of
variance (BARTLETT, 1947). With this transform, the variances verc stabil-
ized as indicated by the ¥ ratios of 3.0 for the mean length of look, and
4,2 for the mean length of looking while listening: this may be compared with
F ratios of 15,1 and 44.2 respectiveiy, before the transform was used

(critical value of F = 4,5),

Table 7.3 shows the analysis of variance periormed on the various
measures of looking behaviour during the trucking geme part of the conver-
sations. Examiration of this table, in conjunction with table 7.2, shows
that the total duration of *looking' and of 'eye-contact'! was greater
during the periods vhen audio noise was added to the channel., The increase
in the 'duration of looking! vas due to an increase: in the frequency of
looking and not an increase in the average length of each look. Similarly,
the increase in the total duration of eye contazct was due to an inrrease in
the fregquency of eye contacts and not to an increase in the average length

of each eye contact. During the noisy periods, there was an increcase in

the total duration, frequency and mean length of the 'looking while listening!,

also an increase in the total duration and frequency of 'looking while

talking'., The type of video image used affected only the 'number of looks

ner mirmte! and the mean length of each 'looking i
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Table 7.4 gives a summary of the analysis of variance carried out
on various forms of looking behaviour when the 'method of stimulating
conversation' was considered as one factor, and the type of video image
used as another. (llence data for periods during the trucking game when
andio noise was added to the system was excluded from the analysis.)
Examination of table 7.4 shows that the method of stimlating conversation
had a significant effect on every different measure of looking behaviour
except for two: the mean length of each eye contact, and the mean length
of each 'looking while talldng'. If table 7.2 is then oxamined, it may
be seen that every measure of looking behaviour, except the two already
nentioned, was significantly greater during the periods of relaxed
conversation than during the trucking game. Tavle 7.4 shows that the type
of video image had no significant effect on any of the different meacures of

looking behaviour.

For periods of relaxed conversation, a Wilcoxon's signed rank test
was used to test the null-hypothesis that the proportion of a subject's
speaking time that he spends lcoking, (lT), is equal to the proportion of
his listening time that he spends looking, (lL). For periods when the
monochrome image was used, the null-hypothesis was rejected with a level
of sigpificance p<0.02 (T = 9, 1T<:FL>‘ vhile for periods when the
cartoon image was used, the null-hyporhcsis was rejected with a level
ot significeonce p<0.05 (T = 13, 1T< lL)‘ For yeriods when the

trucking game was played, a similar null-hypothesis was not rejected,

As might be expected, the subjects did look at the monitor screen
during periods when there was no video image, but the amount of looking
during these periods was considerably lower than during periods vhen

there was a video image,

Table 7.5 gives a sunmary of the analysis of variance perforred on
measures related to the svbjects' speech behaviour. Exaumination of this
table, in conjunction with teble 7.2, shows that the duration of utterances
vas greater, but that the number of utitcrances was less, during the periods
of relaxed conversation when compzred with dvring the trucking game. Also,

the number of role changes was less and the total duration of silent periods

i AL AR AN N ranmq a1 an s tees AR



196

(no utterance from either subject) was less during the periods of relaxed
conversation, None of these measures related to the subject's speech
behaviour were significantly affected by the type of video image or by
vhether there was a video image or not. Analysis of variance performed
on these measures of the subject's speech behaviour during the trucking
game, showedlthat neither the audio noise level nor the form of communi-
cation channel had any significant effect on them, and for this reason,

the analysis of variance has not been included.

Table 7.6 shows the differences between the measured duration of eye-
contact and the chance duration, predicted by using equation (5) of
section 7.1.1. The table shows all the differences between measured and
chance duration of eye-contact (EC -~ chance), as well as the rank of these
differences for the three different modes of communication. The variance
of the differences was heterogeneous and no simple transforms were found
that would make the variance homogeneous. Therefore, it was not possible
to perform analysis of variance on the results, and only a non-parametric
test could be used. Wilcoxon's signed rank test was used to test the
null-hypothesis that there was no difference between the measured and estim-
ated values of duration of eye-~contact when monochrome or cartoon images
were used. For periods when the monochrome image was used, the null-
hypothesis was rejected with a level of significance p{0.01. For periods
when the cartoon image was used, the null-hypothesis was not rejected, but
the value of 'T' was only a little greater than the critical value for
rejecting the hypothesis at the 5% significance level, (see table 7.6),
The same form of test also showed that there was no significant
difference between the difference (EC - chance) for periods when the
monochrome image was used, and the difference (EC - chance) for

periods when a cartoon image was used.

A 'sign test' chowed that there was no significant difference
between the measured and estimated amount of eye-contact®during

periods when only the audio channel was used. (See table 7.6).

*¥There was, of course, no actual eye-contact during periods when there
vags no video image. DIye-contact is used here to refer to those
instances when both subjects were looking at the blank screen (where
the facial image of the other person would have been,) :
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Vthen a randomization test was carried out on the difference
hetween the measured and esztimated duvration of eye-contact for each
pair of subjects (using periods when wonochrome and cartoon images wure
used), only in three of the six pairs was the differerce significant

beyond the 5% level.

It may be concluded therafore, that on average, during periods when
ithe monochrowme image was used, the difference between the measured and
estimated amounts of ecye-contact was delinitely significan*, whereac for
periods when the cartoon image was used the difference was not definitely
significant, and thalt there were large variations from one pair of

subjects to another.

The results for the number of 'requests for repetition' by the
subjects during the various experimental conditions were completely
unusable for comparison purposes, as only two such requests occurred
during the vhole experiment. These two cscurred during periods when

there was no video image and when audio noise was added to the channel.

An attewpt was made to count the number of interruptions which
occurred during the various experimental conditions, as this would be
on indication as to how good was the synchronization of the subject's
atterances under the various conditions. (See ARGYLE, LALIJEE & COOK,
1968). The author, however, concluded that it was impossible to
distinguish objectively between interruptions due to poor synchronization
between subjects and interruptions which were intentional, and that this

measure was, therefore, not a reliible one.

When processing the results of the questionnaire, only the difference
in the various ratings for the three different modes of communication
were used. A sign test (see SIEGEL, 1956) was used to test whether the
difforences were significant. The results of the first four questions
wvere as follows:~

(1) there was no significant difference between modes for the ease

of conversation when audio noise was added.
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(2) the 'monochrome image plus audio' vas better than the 'audio only'
for commnicating their ideas (p{0.0%)

(3) the 'monochrome image plus audio! was better than the 'audio only!
for their owm comfort (p {0.05)

(&) the 'monochrome image plus audio! was better than the fandio only!
for the ability to tell how the other. person was reacting to them (p {0.01)
For all four questions the ratings for the carioon image plus audio
condition lay between the ratings for the monochrome image pilus audio and
the audio only cenditions, hut was never sipgnificantly different frem either.
Only two subjects mentioned that there was anything wrong with this partic-
ular videotelevhone system; both these subjects commented on the limited
field of view. There were many different reasons given as the advantages
of a videotelephone system.

Before discussinz the results of this experiment, a short subsidiary

experiment will be described.
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7.+.5. Subsidary Experiment.

In the two experiments described in +the early part of this chapter,
the uethocs used for stimulating the conversation between two subjects
did nct give either a greater status or control over the conversation.
This section describes a simple experinent performed to investigate

g
whether any asymmetry in the relative status of the subjects would

influence their looking behaviour.

In this experiment, six third year undergraduates each interviewed a
first year undergrfaduate. The method used to stimulate the conversation
was of the type described in section 7.2; this mekhod gave the senior
student more control over the conversation.

Analysis of the subjects' looking behaviour showed that every Junior
student being interviewed looked more than the senior student. The mean

total duration of the junior's and senior's 'léé¥*ng' were 43} and 227

respectively, and the difference between these means was significant at the

p<0.025 level (t = 2,73). The greater amount of looking by the junior

student was mainly due to the greater 'mean length of each look', (3.2

seconds as against 1.5 seccnds; the difference was significant at p{0.025,

t = 2.4) and not to the frequency of 'looking'. There was no significant

difference between the senior student and the junior student in either the

total duration and Irequency of utterances or the mean length of each
utterance.

The general pattern of looking behaviour, therefore, was that the

junior subject, who was being interviewed, had longer gazes than the
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Relaxed Conversation Trucking Game mean
: - _ : error
A Lo o AL I AME L M.L | MJE G CLL | C.H o
Total duration (% of batal i j ‘ | ; ! ‘ S
lookinz Lmed 4 g9 3.7 | 42,1 2.9 4.6 | 13.9 © 23.8 | 10.5 | 23.1 4
eye contact ) 17.4 . 15.0 .2 .5 i 3.1 8.8 | 3.4 7.7 10
chance eye contact i_ 11.0 = 11.7 . 2.0 3.2 1 1.5 | 4.5
ttieraice } 41.8 42.3 41.5 3343 31.2 i 30.9 31l.3 : 32,1 1 33.4 3
joint unttersnce 3.4 2.2 3.4 3.3 3.2 | 3.3 2.4, 3.4 3.5 22
looking while listening 20.9 21.1 3.9 7.2 1 3.2 T.T 11
locking vwhile talking 11.8 11.8 b3.2 3.4 2.8 5.9 14
silence 19.9 17.6 20.5 36.7 40.8 | 41.6 39.8 . 39.3 36.8
Number per minvte ' :
looking 54 9.7 9.9 2.2 . 3.9 | 5.7 8.6 . 3.8 b4 8
eye contact 9.2 8.9 : . 1.8 3.9 1 1.3 2.5 7
utterance 8.9 7.2 7.5 il 11.5 [ i2.0 | 11.2  10.5 10.6  10.5 8
joint uiterznce .37 3.3 4.5 4.2 7 5.0 | 4.4 2,4 0 4.3 4.4 11
looking while listening €.7 7.0 3.4 5.9 | 2.6 4.3 12
looking while talking 7.6 7.0 3.0 A.d 1 2.4 3.6 11
change of roles 9.9 8.7 8.1 12.83  15.7 13.1 13,6 ' 13,5 13.1
Meon leneth  (secs) | | i )
Tooking .7 3.2 3.0 9 L W8 L3 . 1.7 . 1.4 2.1 4 14
eye contact 1.2 1.0 ; 1 A4 9T 1.4 15
utterance 3.0 . 4.5 4.0 2.2 ¢ 1.8 | 1.9 . 2.1 : 2.2 2.1 10
joint uttorznce 5 .4 .5 B Y . DY T B .5 16
looking while listening 1.9 2.0 E i .6 .8 Y 1.0 16
| looking while talking .9 1.0 i . N J v .8 .9 22

Table T.2

lieans of the wvarious forms of behaviour observed, and an estimate of the accuracy
of measaring the various forms of behaviour.

( A = audio cnannel onlys 11 = monochrome image; C = cartoon image; L = low audio noisej

H = high audio noisec )

coe



looking eye-contact looking while looking while
EC listening talking
E | . a . d %
"dof. %o ireq mean Go freqg mean “ freq mean % freq mean
. X% 3 246 3% Ei%i3 X x X &
| M 1{.3172 94.31 .0924 | .0861 16.59 2,281 | .1073 54.24 .0447% .0592 23.27  .1581
: * ' *
! I 11.0211 51.50 .0086 | ,0008 5.35 .927 | »0028 17.40 .0060{.0001 ' 4.77 ' .4909
§ NxI 11,0041 .15 .0002 | 0009 1.15 137 | .0022 1.48 ,0013{.0003 .00 L0621
L poat 51.0038 © 6.15 .0202 | 0036 1.18 .555 1 .0029  4.64 ,0019}.0047 2.15 45573
PxI 51.0121 5.53 .0255 | .0029 1.02 .323 | .0062 3,92 .,0114;.0018 .62 . .0362
Pl 5T 51.0193  3.44 .0213 | .0031 .53  .463} .0086 5.47 .0137{.0064 1.15 ,3208}
Average 17.7%  6.13 1.63 | 5.7% 2.4 .84 5.55 4404 LTT | 4235 37T .75 |
| i(+39) (.39) | (.17) (.21) (.24)17.18) i
Table 7.3 Summary of the analysis of variance performed on the observations of the

b ey e —— e

subjects' looki
Pactors are: N
I
P

* = p<0.05

total duration,

ng

noise level

it

fl

%% = < 0,01

freq = number per minute,

pairs of subjects

B T

oehaviour during the trucking game.

mean =

type of video image (monochrome or cartoon)

mean length of each measure.
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Jooking eye—contact Looking while looking while
EC listening talkiag
a.f % freq | nean % freq mean % freq ;mean % }freq mean
sl e : |
% * E % A% 36 ¥ 3% * X% * *
H 1 11.911 307.3 © «5799 L5168 336.5 1.978|1.039 180.7 .2648] .4273 254.1 .9989
I i .C15 9.3 .0010} .0005 - .5 .019 .002 .7 .00D0I .0002. .4 23668
CxcI L LCO7T ° 13.8 .0024§ .0005 A .204 1 002 4.5 ,0023! ,0001 -0 L1171
PxC 5 2047 22.3 .0373{ .01¢€8 9.5 433 030 15.4 .0346] .0271 28.5 .5568
PxI 5 L£09 ¢ 1.2 0121 0042 5.9 071 .010 2.8 .0073} .0C09 3.6 2057
PxCxI > .C26 . 4.4 .0304 L0062 © 6.2 .138 .013 3.8 L0145} .0042 4.5 0872}
; ' ' {
Average 27h . 7.2 2:2 | 9.7 5.3 o .82 | 12.3% 4,9 1.28 | 7.40 5.0 .83 |
(51) | (-45)1 (.26) | ; (-31) (-32)1 (.24) i
Table 7.4 Summary of the analysis of variance performed on the observations of the subjects'

looking behaviour during the periods of relaxed conversation and the truckirz game.

Pactors are: € = method usel to stimulate conversation

-y

= type of video image (monochrome or cartoon)

)
it

pairs of subjects
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|

utterance no. of silence

d.f. o - { Ziiﬁges P
% . freq mean pev min. %
c 1765 1 188.7 ; 50.91° | 164.9 |.463%
' I 2 | .0003 10.0 | 2.68 1.1 |.0009
. CxI 20019 3.4 1 4.77 4.2 .0041
 PxC 5 0115 © 24.4 | 3.81 19.2 | .0216
PxI 10 L0026 5.4 3.06 7.7 | .0045
PxCxI | 10 .0026 7.2 3.27 8.7 .0056
Average 405 9.5 3.0 11,0 297
(-64) f ' (.56)

Table 7.5 Summary of the analysis of variance performed on observations

AR weTve et e e o v &t PF

Factors are:

I = type of video image (momochrome, cartoon or no image)

P

=

vairs of subjects

relating to the subjects' speech behaviour.

C = method used to stimulate conversation
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Table 7.6
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Difference betitzeen the measured and estimated duration
of eye-contact for the three different modes of

communication.

Difference (D) = measured duration — estimaled duration,
(Bxpressed as a percensagc of the total duration of the
conversation.) The rank of the differences is showm so
that the Uilcowon Signed-Ranks Test may be applied.

T = Sum of 'ranks' with less freguent siens ( critical

value of T for 0.05 level of significance = 40 ).

-;bnochrome image | cartoon image audio DM_DC
- only

DIT rank DC rank rank
2.6% 13 2:39° 13 -..03 5
23.74 17 T.47 15 .01 18

3e23 14 12,48 7 - .70 16 -
.70 T - .83 10 .13 10
2.29 11 - .89 11 - .25 i2
5.80 16 - .05 9 - .01 15
.63 6 .13 5 - .00 6

5.45 15 10.62 16 44 14 -

-~ W12 2 - .06 3 - .01 & -
«50 5 A4 T - .02 &

- .19 3% - .01 2 25 4 —

- .06 1 - ,00 1 .01 % -
2.37 12 11 4 - .01 11
27.89 18 15.61 18 1.96 17
.82 9 .21 5 .00 T
.76 8 - .63 .05 9
1.71 10 97 12 - .06 8

- W19 3% ; 3.27 14 - .07 13 -

r-10 | T=44 T=48
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7.4.6. Discussion of Results.

Tooking behaviour during periods of avdins noise.

The cxperiment showed that subjects looked at each other more
frequently, and for a greater percentage of the total period of the
interaction, when noise was added to the audio channel. The possible
reasons for this increase (in the amount of looking) may be found if
one considers Argyle's suggestions, as to the different uses that
non-verbal cues have in a social interaction, (see section 1.2).

1) Interpersonal attitudes are often conveyed by vocal non~-verbal cues;
these are collectively referred to as 'tone of voice'!, VWhen audio noise
is present, the tone of voice may be more difficult to perceive and the
ianteractors will, therefore, look at each other more in an attempt to make
greater use of the visual non-verbal cues, such as posture, as an indic-
ation of interpersonal attitudes. '

2) The audio noise may make the beginning and the ending of utterances
more difficult to detect, and because of this, the conversants may
attempt to make greater use of the visual, non-verval cues associated
with channel control, eg. direction of gaze.

3) The vocal attention signals, such as 'yes! eor 'I see', vhich are
often used to signal mutual attention or responsiveness, may also be more
difficult to perceive vhen noise is added to the audio channel. This
would lead the interactors to look at each other more often, so that
greater use could be made of head nods or facial expressions that

indicate mutual attention or responsiveness.

In noisy environments, conversants may also look at each other more
frequently to make greater use of lip reading. (The cxperinent described
in chapter 5 demonstrated that subjects who had no previous formal prac-

. -
were able to uo

[0}

- 3 S 4 1. - 3 waa ~ - 3 L. o
tice at lip rcoding both the monochrome image and the

&
cartoon image for lip reading.)

¢
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Interactors may or may not be avare that they look at each other more
frequently during noisy periods, or that they make any use of lip

reading, or any of the non-verbal. cues mentioned above.

The level of noise used in the main experiment produced a change in
the subjects' looking behaviour, but no changs in the simple measures of
the subjects'! speech behavicur (eg. frequency and duration of utterances).
If a higher level wvere used, the subjects’ speech behaviour is likely to
be different from that recorded during the main experiment, and if the
much higher noise level vere used, the conversation is likely to become
very laboured or cease completcly, (as demonstrated in the preliminary
experiment). As many aspects of a persons' Jooking behaviour are corre-
lated with his speech behaviour, (KENDON & COOK, 1969), the pattern of

looking is likely to change as the level of audio noise is increased.

Looking behaviour during different types of conversation.

The main experiment showed that there was a greater freguency and
duration of 'looking' during the periods of relaced conversation, com-
pared with periods when the trucking game was being played. As many
aspects of looking behaviour arc correlatzd with speech hehaviour, some
differences in looking behaviour would be expected, as the experiment also
showed that the subjects' speech behaviowr was different during these
periods. VWhile playing the trucking game, the subjects were in a compet-
itive situation and, hence, the lowver amount of looking during the game,
compared with the periods of relaxed conversation, is in agreement with
the results obtained by EXLINE, (1953), who showed that males look at
cach other lesc during competitive situations.

D

The other important differcnce between the trucking game and the
bcriods of relaxed comversavion 16 thal during the game the subjects had
to look down at their 'road maps' occas.onally, in order fto 'move their
trucks' and to record their score. The subjects also scemed to gaze at
the 'road maps', while plenning their next move. (REID,(1971), in &

survey of civil servents' communicating behaviour found that approximately
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22% of two-person face-to-fac_e meetinpgs took place because the partic-
ipants had either documents or diagrams to discuss.) Hence, the situ-
ation vherec the interactors have to look dom at some document or

diagram etc. is quite common,

As different types of conversation are likely to produce very
different patterns of lodking behaviour, care must be taken when comparing
the results of different published experi.ents. KERDON, (1957), for his
experiments, simply asked subjects to become acquainted with cach other.
The type of conversation that is produced from such interactions is likely
to be similar in many respects to the type of conversation during the
periods of ‘relaxed conversation' in the author's experiment. In Kendon's

experiments, the average total duration of 'looking' was 49% (of the total

S Tt TE R e
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duration of the inleraction), and this is surprisingly close to that
measured by the author, in the periods of relaxed conversation, i.e. W4%
when the monochrome image was used and 42% vhen the cartoon image was

used.

Kendon also found in his experiments that the proportion of a
subjectts speaking time that he spent 'locking! (lT)' was less than
the yroportion of his listening time that he spent 'leoking! (lL).
For the periods of relaxed conversation during the author's main

experiment, the same relationship was found between 1T and 1L' i.e.

Tp<1ye

The author's results considered above are similar or consistent with
the published results on non-verbal behaviour in face-to-face meetings.
This implies (but does not prove) that the assumption made at the
beginning of this chapter was correct; namely that users of a video~
telephone would attempt to use many of the non-verbal cues that occur

in face~to-face meetin
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Looking behaviour and type of video image.

The analysis of variances perforied on 22 of the 24 measures ot
looking (and all of the measures of specch behaviour) showed that there
was no significant difference between perioas when the monochrome imzge
was used and periods when the cartoon image was unsed., Because of this,
the discussion above can be assumed to apply equally to vhen the mono-
carome or cartoon images are used. A further implicalion, therefore, is
that a cartoon image is adequate for comuunicating many of the non-verbal
cues used. This is not surprising, as a cartoon image is probably suffic-
ient for the perception of 'head nods!, some facial expressions, posture,
position of the head and lip movements. Howeve., some cues such as the
direction of gaze will be more difficult to perceive accurately when =2
cartoon image is used. A much lower data rate would be required for
transmitting a cartoon image than for *ransmitting a monochrome image,
(see Appendix I), but such a cartoon image would almost certainly be

unacceptable to a public who are familiar with high quality broadcast

television.

Measured and chance eye-contact,

For periods vhen the monochrome image was used, the measured total
curation of eye-contact was significantly greater than the chance duration,
estimated using equation 5 of section 7.1.1. As the simple probablistic
model used for formulating the chance duration of eye~contact took into
account the knowm consistent aspccis cf a person's looking behaviour, it
may be concluded that a subject's looking behaviour vas influenced by
the looking behaviour of the facial image appearing on the screen.

The likely explanation of this is, that when a chance eye-contact occurs,
the subjects extend the period of eye-contact, for the following reasons,
) (from ARGLYE & DEAN, 1965).

1) To try to establish a relationship between them.

2) Te sesgk information of the cther's reacticus.

3} To indicate who should speak next.

L) fThey simply like to be seen, and cye-contact is the proof that they
are being seen.
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it is not the direction of gaze of the facial image on the video
monitor screen, by itself, that directly influences the viewcr's
direction of gaze, as the viewer must alsc be aware that the facial image
on the monitor screen represents someone, who is at the szme time ohvser-
ving an image of the viewer himself. Thus, when viewing a television
broadcast, the direction of gaze of the facial image on the monitor
screen will not influence the viever's direction of gaze because he knowvs
thai he is not being observed by the person represented on the monitor

SCIr'een,

For periods when the cartoon image was used, there was not a
significant difference between measured and chance diration of looking.
However, the value of the statistic calculated for testing the null-
hypothesis that there was no signiiicance, was only a little above the
critical value needed for rejecting the null~hypothesis; thus, if a
larger samplc were used, the difference between measured and chance
duration of eye-~c~ntact may prove significant. With a cartoon image, it
is not possible to perceive accurately the direction of gaze of the other
conversant. Hence, if a larger sample did shov a significant difference
between the measured and chance eye-contact, the implication would be
that viewers were able to infer the direction of gaze from other cues,
such as the position of the head. This would not be unreasonable, as
a conversans often turns his head away when he siops looking at the

other conversant,

Subs.diary experinent.

The subsidiary experiment showed that when a junior (freshman)
student was be: ¥ & senior student, the junior student
had longer gazes at the senior student than vice-versa. If this is at
-all typical of the looking behaviour during such interviews, of Jjuniors
by seniors, then it casts doubl on the methodologies adopted by some
experimenters for studying the looking behaviour in this type of interview.
For example, EFRAN; (19G8), in his expsriments, instructed the senior
interviewing person (a confederate) to gaze continuously at the junicr
subject.

ey - ren v ey
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Speech hehaviour.

It was expected that the simple measures of specch behaviour would
be significantly affected by the method used to stimulate conversation;
thus, one expects there to be fewer but longer utterances during a
rclaxed conversation than vhile playing & game, which reguires alternate
moves from the participants. What is more surprising is that neither
{ie audio noise level or the form of comrmunieation channel had any

significant effect on these simple measures.

One of the difficulties of comparing the results of the author's
experiments with those of other published experiments is that other
research workers use a different definition of an utterance. Ior
example, RICHARDS, (1S5k); defines a silence as a period of more than
350 milliseconds when neither of the conversants is speaking, He also
does not exclude attention signals. Using his definition of an utterance,
one would expect a given conversation to appear to have shorter utter-
ances and have more role changes, than if the suthor's definition was
used, (see section 7.1.2.) This would account for the differences
between the author's results and those of Richards. Hence, Richards
states that during a conversation the moan léngth of an utterance is
approximately 1 second, and that there are approximately 15 role changes
per minute. During the periods of relaxed conversation in the author's
experiment (and using the author's definition of an utterance), the mean
length of an utterance was approximately 4t seconds and the number of
role changes per minute, approximately 9. During the trucking game, the

mean length of utterance was 2 scconds and the number of role changes, 17.

MARTIN, (1931), first suggested that the number of repetiiions asked
for by a telephone user gives some clue of the difficulty encountered cduring
& telephone conversabion. RICIARDS, (1507, when analysing couveérsaiions
carried out over a satelliie link between New Zealand and Great Britain,
found that the number of requests for repetition, in the first minute of

each conversation, occurred with an approximate average frequency of
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1 per 2 minutes. The extremely low number of requests for repetitions
in the author's cxperiments implies that, even with the noise added,
the 'quality' of the audio chuaunel used in the experiments was higher

than that encountered on some satellite links.

Questionnaire.

The results of the questionnaire showed that subjects rated the
‘monochrome image plus audio channel' significantly higher than the
'audio channel only', for comfort, for communicating their ideas or
feelings and for telliang how the other conversant was reacting to them.
The subjects were unaware of the forms of behaviour being measured, but
because they had to carry on a conversation using different types of
communication channels, it is highly probable that they realised that
some form of comparison was being made between the types of communication
channel. Because of this, their answers to some of the questions in the
questionnaire may have been determined by what they thought the advantages
should be, of adding video channel to the audio channel, instead of being

determined by their experiences during ihe experiment.

The questionnaire only provides evidence that the subjects thought
that they were better able to judge the other conversants' reactions,
vhen they could also see him on the monitor screen, compared to when
they could only hear the other conversant; it does not provide evidence
that they were actually better able to judge the other's reactions. This
result may be compared with the result of an experiment by REID, (1970),
vho gave subjects the task of telling truth from lies, when they could
and could not see the speaker., The subjects were more confident that
they were better able to tell truth from lies when they could see the
speaker, but their actual measured performance showed that this confidence

vas unfounded.

The video channel will give video tclephone users the opportuniby

to use a wider range of non-verbal cues for judging the other conversant's
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reactions. DAVITZ, (1964), has shown that there are large individual
differences in the ability to express or uand=rstand cmotional mcessages
conveyed by non-verbel cucs, so that tiie wvider range of cues provided

by the video channel will not be necessarily utilized by all users.

One advantage of the video channel is that it allows a user, who is still
speaking, to immediately judge the reactions ©f the other conversant,
whereas with an audio only communication linlk, a speaker often has to wait

until the other person replies hefore he can Judge his reactions.

Reliability of behaviour measures,

Of the many papers published on looking dehaviour, only a relat-
ively small number contain any discussion of %he reliability of measuring
a subject's looking behaviour. EXLINE (1963}, obtained a measure of
reliability by using two observers simultaneously recording the loaking
behaviour of a subject. An 'index of agreement' was derived by dividing
the total duration of coincident observations by ihe maximum total dura*tion
of 'looking', indicated by combining the two observations. Unfortunately,
because of the different methods used to measure reliability, it is notl
possible to compare Exline's value of 0.81 far the 'index of agreement’
with the author's estimate of 4%, for the meam error of measuring the
duration of looking. Other authors (for exariple, STEPHENSON & RUTTER, 1970)
have merely given the correlation between the measures of the two observers
who were both recording the looking behaviour of one subject. However,
this procedure doecs not expose any consistent: differences between the
observers. STRONGMAN & CHAMPNESS, (1968), in pre-experimental ivials,
used two obervers to measure the total duration of a subject's lookinge.
They found a 95% agreement (57 error) between the observers; this

accuracy of measurement was similar to that in the author's cxperiments.

MEHRABIAN & WILLIAMNS. (1959), used a video-tape recorder to record
many different aspects of a subject's behavieur. They gave the relia-
verbal hehaviour, but they did not report the method of measuring or def-
ining the reliability coefficients. The reliability coefficient of
measuring eye-contact was given as 0.50, and this waes one of the worst

coefficientsreported. As the experimenters wished tn record the
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subjects' leg movements as well as his direction of gaze, the definition

in the region of the eyes would necesszriiy be poor,; and this was proL-

ably one of the main reasons for the poor accuracy of measuring eye-contact.
However, the author's results demonstrate that a video-tape recorder may

be used for accurately recording eye-contact.

During the author's experiments, when a subject Jooked at a facial
inage on the monitor screeng it appeared to the observer whe was
measuring looking behaviour, that the subject was looking directly at
him. This simplified the observer's task and consegquently the observers
did not require any special training. CLINE, (1957), showed that subjects
were most accurate at judging the direction of gaze when the 'looker' was
gazing directly at them; thus, the observers in the author's experiments
vere in the most favourable position for judging when the subjects

looked at the monitor screen.

The duration of each 'eye-contact' was quite short; the average
duration was approximately one second. If the same two observers werc
used for measuring the looking behaviour throughout the whole experiment,
then any consistent differences in their reaction times would lead to
errors in thec measurement of eye-contact. By using as many different
observers as possible (as did the author), this particular form of error
in measuring the amount of eye-contact will be rzduced. None of the
published experiments concerned with looking behaviour seemed to have
this simple procedure teo increase the reliability of the measurement

of eye-contact,

. The reliability of many of the measures, and particularly the
measures of speech behaviour, would be increased if the observers studied

the videotape recordings before performing their appointed observation task.,

‘However, such 2 proc

[p]
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equire the oLservers to spend much more
time on an experiment and it was not pussible to do this in the author's

experiment,
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Hone of the published papers concerned with communication
behaviour have contained any estimates of the reliability of measuring
the more detailed forms of looking and specoch behaviour (e.g. looking
vhile listening). It is not possible, therefore, to compsre the

author's estimates of reliability of these meacurcs with any otner.



Chapter 8

General Summary and Suggestions for Further VWork

This chapter briefly summarises the results of the experiments

reported in this thesis and makes some suggestions for further work,

b
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8. Gereral Summary and suggestions for further work.

The experiments reported in this thesis fall into two categories:
the perception of various non-verbal cues via a video link, and the
measurement of subjects! behavitur while they are engaged in a cnuversation
over a video link. Experiments of the first type are an essential pre-
requisite to performing experiments of the second type, as it is necessary
to know whether ihe participants of a videotelephone cunversation are
able to perceive many of the non-verbal cues that are of*en used in a

conversation.

The first experiment reported was concerred with the perception of

a person's direction of gaze when observed via a video link (see section 4.1)

The results showed that subjects could accurately perceive the direction of
gaze via the video link; their accuracy was very similar to that reported
for 'live' lookers at a distance of 2 metres. There wvas a slight differ-
ence between the perception of vertical and horizontal rotation of a
person's eyes, but again, these differences vere similar to those

reported for experiments with live lookers. It was argued that the results
of such experiments could influence the choice of the relative positions

of the camera and picture monitor in a videotelephone station set.
Experiments such as these are, of course; an essential preliminary before
performing any measures of 'eye contact' between videotelephone users
during a conversation over a video link: if the users cannot perceive the
direction of gaze of the other participant, then any detailed measures of

eye~contact arec meaningless.

The second experiment investigated the subjects' ability to 1lip read
when different types of video images were used, (see chapter 5). It was
showvm that a simple cartoon image of the spealier's face was virtually as
_good as the full normal monochrome video image for 1ip reading. Any
results concerned with the utility of videotelephone systems for 1lip
reading will bte of some importance to the deaf and hard of hearing, 23
this is a section of the community that would benefit greatly from the

introduction of such a system.
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The third experiment reported was concerned with the recognition of
facial images, (see section 5.1). The facial images to be recognized
vere reproduced as either half-tone monochrome video images or different
forms of cartoon images. The results did show that a curtoon image is at
least as good as a normal monochrome video image with a signal t~ uolise
ratioc of -1.2 dB; also, that the horizc:ztal edge detector produced a more
recognizable cartoon than did the vertical edge detector. This experiment
was only exploratory and further work needs to be done on the methodology

of such experinents.

"he fourth experiment was concerned with the perception of the relative
proximity of a facial image on a monitor screen and that of a person
'in the flesh' (see section 6.2). It was shown that, when viewing a facial
image on the monitor screen, a larger retinal image must be formed than
that produced by a ‘live' face, in order to appear at the same proximity.
One suggestion for further work here is to repeat this experiment to sec
how factors such as video monitor screen size and viewing distance influence
the perception of proximity. It =eems Likely that there are complex
psychological and social factors which influence the perceptior of preximity
of a video image. For example, simply knowing that the other conversart is
at a distant location may influence the perception of proximity. The
feeling of proximity, or prescnce of the other, may be an important factor

when comparing face-to-face meetings with videolelephone conversations.

In chapter 7, three experiments were reported vhich analysed the
looking and speech behaviour of subjects who were conversing over a video
link. 1t was shown that the audioc noise level, the metuod of stimulating
conversation, and the relative status of the participants influenced the
looking bhehaviocur. It was argued that the change in locking behaviour
caused by the audio noise could be accounted for by considering the uses
_of non-verbal behavicur, as described by ARGYLE (1959). A simple
probablistic model was developed to estimate the amount cof chance eye
contact., Whewn the normal monochrome image was used, it was found that

the measured amount of eye contact was significantly different from the
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estimated amount; this indicated that a subject's direction of gaze was
directly influenced by the dircction of paze of the person with vhom he
was conversing over the video link. This did not occur when the cartoon
image was used. It vas also shown that during the periods of relaxed
conversation between participants over the video link, the total duration
of looking as well as the relative anounts of looking while talking and
looking while listening were similar to the published results of experi-
nents concerned with face-to-face conversations. This possibly indicates
that the users of a videotelephone link will attempt, at least initially,
to use non-verbal cues in the same way as they are used in face-~to-face
conversations., However, with prolonged use, the videotelephone user may

evolve new forms of conversational behaviour.

In this particular series of oxperiments the average total percent
of time subjects spent looking at the monitor screen, when normal half-
tone images were used, was 43% during the periods of relaxed conversation,
and only 14 when the trucking game was being played. The average length
of each gaze during these periods was 5.2 and 1.3 seconds, rcspectively.
This length of gaze greatly differs from the gaze usually alloved in sub-
jective tests of broadcast quality images. In these tests, the subjecis
are usually presented with a test image for approximately 10 seconds,
(also, only 4 different scenes are used for the whole test series)
ALLNATT & BRAGG (1958). This again cast doubt ac to the utility of
applying these 'broadcast' testing techniques to videotelephones, as the
much shorter glances and smaller total duration of looking at the monitor

screen may nake the users more tolerant towards any impairments of the

image.

It has been stated several times in this thesis that many of the
results of the experiments may be influvenced by the video image used.
This is particularly so when any measure of eye contact or direction of
gaze was involved. A general suggestion for further work is, therefore,
to repeat any of the experiments reported in this thesis, in order to

investigate what effect resolution, and particularly lower resolution,
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has on any of the results. There are important practical reasons for usiug

lower resolution video images for future experiments. Any videotelephone
system that is likely to be introduced in the future will have consider-
ably lower resolution than that cf the video system used by the autbh-or,
Turthermore, the wideband video ‘conferencing' facilities introduced by
the British Post Office (Confravision), nllows up to five participants
to sit in a row in front of a camera. In these circumstances, although
the video sipgnalling parameters are the same as those used by the author,
the number of picture elements associatea with each face is very msmch
lower than in the author's experiments. (When viewing five persons on

a Confravision video monitor, each face takes up approximately 1/50

of the screen area of the face compared with the author's experiments.)

This thesis has only been concerned with dyadic interactions, there
cqsmsgs . N S . .
would be many possibilities for further regarch into videotelephone user's

behaviour,; if group meetings were considered.
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APPENDIX I.

Number of white picture elewments in a carteon image.

The number of vhite picture eclements conteined in a cartoon
image will depend on two factors: (1) the original facial image,
(2) the various threshold settings in the cartoon generator. By
wvay of an example, this appendix will consider the two facial
images which are shown in figure 3.7. These are two of the facial
images that were used in the experiment described in chapter 6.
The cartoon in the upper half of figure 3.7 'Archie', a person
wearing spectacles, is typical of the more complex cartoon, which
contains many white picture elements. The cartoon in the lower
half of figure 3.7 'lax' wss chosen as being representative of the

cartoon image with relatively few vhite picture elements.

To measure th. number of white picture elements ir each cartoon
the output of the cartoon generator was sampled approximately 50 nsec
after each clockpulse (i.e. halfway between each ciockpulse). The
nunber of pulses per second occuring at the output of the sampler

was measured using a lMarconi TF 2414A /211 counter.

Table AI shows the number of white picture elements per frame.
that were produced vhen the simple edge detector, or the horizontal
edge detector, or the complete cartoon generator were used. (Sce
section 3.7 for a description of different methods of generating
cartoon images). The video monitors used in the author's experiment
allowed 512 scanning lines to be vigible, whereas the number of
horizontal elements visible wvas 450. (See figure 3.6). The total

number of picture elements (lI) visible was, therefore, equal to 230,400.
‘
Ia

<]

The figure in brackets in table AT reproscnts the number of white
elements in any particular cartoon expr.ssed as a percentage of N.
Of the many cartoon images used in the author's experiments, none

contained wore than 3 of I white picture clements.
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Table A1

Humber of white picture cloments in a carkboon image.

LE;artoon

Archie

Max

|Simple edge detlector

2872 vits/frame
(1.3%)

1520 bits/frame
(0.7%)

Horizontal edge detcctor 3280 " 2160 n
(1.4%) (0.9%)

Complete cartoon 59220 n 3520 "
(2.6%) (1.5%)

The figure in brackets represents the number of vhite elements iu

any particular cortoon expressed as a percentage of the total number

of picture elements contained in one frame.

- . -
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APPENDIY II.

Data rate for image transmission.

In this appendix a comparison is made between the estimated
data rate required to transmit the 'monochrome' and cartoon images
uead in the author's experiments. Two monochrome and cartoon images
will be considered; these are shown in figure %.7. (llote the cartoon
images are the complete cartcon images used in Appendix I). The

comparisons of data rates are summarized in table A2.

An estimate of the number of bits per frame required for the
transmission of ihe monochrome image, using conventional pulse code
modulation,; may be obtained by multiplying the number of picture
elements per frame (N), by the number of bits per picture element (P),
required to satisfactcrily code the signal amplitude. TFor the purposes
of comparison, it has been assumed that six bits per sample would be
required for coding the signal amplitude. This figure was chosel as
it is often used as a basis of comparison, (SCHREIBER, 1967). It
must be stressed, hovever, that this simple calculation allows only
rough comparisons, as the sctual monochrome image used was generated

by a non-quantized, non~sampled, analogue video signal.

It would be possible to transmit the monochrome image at a lower
data rate than estimated above, if other methods of coding were used.
A few of the coding methods that may be used to obtain data rate

reductions are mentioned in section 3.2.

To transmit a cartoon image by conventional raster scanning
techniques would require N bits per frame (i.e. one bit per picture
element). However, because in a cartoon image only a small fraction
ef the tetal number of picture clemente are vhite, more cfficicnt

methods of coding may be devised.
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In the process of generating the cartoon images shown in
figure 3.7, a system of line broadening was used to produce a more
subjectively pleasing cartoon. (See section 3.7). Hence, when an
edge was detected, two adjacent white picture elcments wvere pener-
ated. Therefore, only half of the number of picture elements shown in
table AT are neceded to completely describe each carcoon image. Thus,
for coding purposes, the nmunber of vhite elements (L) in the conplete
cartoon image will be taken as 2960 and "',’60, for the cartoons

"Archie' and ‘'Max', respectively.

A saving in the data rate needed to transmit the cartoon may be
oblained by simply taking into account the low probability of white
picture elements. Thus, 3T the conventional raster scanned image is
considered as a sequence of independent binary digits, and each elc-
ment has a probability I/N of being vhite, then the first order
entropy per frame of such a source is given by the following equation,
(see LAEMMEL, 1953).

L N L 1
H = N |2 log, (=) + (1 - =)log, =—tomee
N 2(L) ( N) 2 ( L)

Table A2 gives the results of using this formula to calculate the

11

entropy per frame for the two cartoons under consideration. It

would be possible (although not necessarily practical) to devise

codes that would transmit the cartoon image with a data ratec equal -
to the entropy. Such a system would result in a data compression of
10:1 for the cartoon 'Archie', and 15:1 for the cartoon 'Max!'.

Greater reductions in data rates may be obtained if the second or
higher order probabiliiy distribution were exploited. (SCHRIBER, 1955).
Unfortunately, the measurement of the higher order probability distri-

butions vas outside the scove of the anthorts project.
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Many different schemes may be used for the reduction of the data rate
required to transmit raster scanned linc dravings. ¥or cxaomple, LOZB (1953
proposed a ‘'stopping spot! process; a process which uses a variable speed
sweep. A working system, which uses this principle, has been demonstrated
by BELTRAMT & lOSCA (1959). It was used to transmit visual images over
existing telephone networks. Some further reductions in the data rate for

the transmission of raster scarned images may be obtailned if multi-beam

)

/

scanning is used. TFor example, CiITNIS (1971) compared the data compression

possibilitics of multibeam scanning of weather maps containing 9 black
picture elements. Tt was found that with single beam scanning the best
compression ratio was approximately 5:1, vhereas with three beam scaaning

it was approximately 8:1.

Because the cartoon images contain so very few white picture elements
some reduction in the transmission data rate may be obtained by simply
sending the positicn co-ordinate of each vhite picture element. TFor the
picture parameter used in the author's experiments, each picture element
would require 18 bits to specify its position co-ordinates. Compared with
conventional raster scanning, using this simple coding system would resull
in a data compression of 4,%:1, for the cartoon 'Archie', and 7.3:1, for

the cartoon 'HMax'.

Data compression schemes which use single line line raster scanning
do not exploit one important attribute of line drawings or cartoons,
namely the continuity of the lines. TFOY (1964) has derived an expression
for the entropy of a line drawing which takes into account the ccouvinuity
of the lines in the drawing. The calculation of entropy, using Foy's
formula, requires the statistics of the arc lengths. Again, the

measurement of such statistics is outside the scope of this thesis.

i A coding scheme which does exploit the continuity of lines is
contour following (BENJAMIN, 1953). Contour following systems may take

several different forme, only one of which will be considered here,
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Consider a system which has a high speed local scan to find the start of
each line; once the starting point is known, only three bits are necessary
to specify the next adjacent element on the line. The gpecification ol
the starting point of ceach line would reguire 18 bits, (assuming the same
picture parameters as those used in the avthor'e experiments). The total
number of bits required to transmit one frame of the cartoon image would
therefore he 18 x (total number of individual iines), plus 3 x (the total
number of white picture elements). By examining a slide projection of a
rhorograph of the car%oon YArchie' and 'Mev', it was found that they
contained respectively, 67 and 70 individual lines. (If very short or
single, isolated elements were ignored, these figures become 42 and 40).
Using such a contovr following system would result in a data compression

ratio cf 23:1, for the cartoon 'Archie', and 25:1, for the cartoon 'Max'.

It may be argued that any system other than raster scanning is
impractical. However, the Japanese have already proposed a system of
contour following, which may be used for narrow band transmission of
drawvings, (SEZAKT & KATAGIRI, 1965).



Table £2

Data racves for imare transmission,

Monoachrome Image

| conventiona:l P.C.M.

¢ ( 6 bits/sample )

Cartoon Image

conventional raster scanning

1st order entropy of single
line raster scanning

specify position co-ordinates

of each white picture element

coniour following plus

start points

A11 numbers are bits/frame

x 10

Archie Max
1382, 1382,
230,k i 230.4
22,8 14,9
3.2 31.7
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APPERDIX II1

Circuit Diagram of the Simple Edge Detector.

The simple edge detector was consructed in the form of a single
'plug in' printed circuit module. The same module with a few

modifications was also used as part of the horizontal edge detector.
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