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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-

v-rbal cues that arc often used in facr-to-facr meetin.6, 

In most of the experiments described, two types of video image 

were used, namely a high definition monochrome image and a simple 

cartoon image. An experiment similar to that conducted by Sumby 

and Pollack showed that the cartoon image we"; almost 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 camera and video 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 tyi_s of video image for the recognition of a person's face. 

Video-tape recordings were made of subjects conversing over the 

laboratory videotelephone link and these recordings were later 

analysed in order to investigate the subjects' looking and speech 

behaviour. It was found that the type 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 on many of the 

different behavioural measureo. The measured amount cf eye-contact 

was found to be significantly greater than that predicted by a 

simple probablistic model of looking behaviour. This indicated that 

a videotelephone user's direction of gaze was directly in.rluenced 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 A!, 

t 	- as in Student's t test 

T 	- 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 results 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 Tc of a 
number of independent observations, the variations of these 

measurements is indicated by a line between the limits V.:(5, 

where (3 is the standard error of the mean. 



8 

ACMOWLEDGEPOiTS. 

The author wishes to express his thanks to his supervisor, 

Professor E.C. Cherry, for continued ad:•ice and encouragement 

throughout the course of this study, and also for procuring funds 

for the research. 

Dr. J.E. Thompson, B.G. Champness and J.F. Springate read the 

manuscript of this thesis and made many helpf',1 comments. The 

author is indebted to Mr. A.A. White for his technical assistance 

in maintaining the picture generation equipment and for constructing 

some of the author's apparatus. A debt of gratitude is also owed to 

all those who participated in the experiments, as either subjects or 

observers, the latter task being a particularly unenviable one. 

Sincere thanks are extended to my wife for her continual encourage-

ment and suppo2t, and for typing the first draft of this thesis. 

The project was supported financially by the Science Research 

Council, and the British Post Office kindly lent much of the 

essential apparatus required for the research. Thanks are also due 

to the Science Research Council and the British Post Office for 

providing a maintenance grant for the author. 

'1 • 	
7 



9 

Chapter 1  

Introduction 

The introduction considers some of the possible advantages of 

a videotelephone system. It also reviews some or the published 

experiments that have been performed to investigate the relative 

effectiveness of different modes of communication. This is followed 

by a brief resume of the objectives and extent of the author'• field 

of study. The chapter ends with a summary and preview of latez. 

chapters. 
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1.1 The possible advantages of a videotelephone system 

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 assumed to be the lack of a 

visual channel. Not long after Bell's inveni-don 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 to 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, as well as some 

engineers, that a videotelephone would have many advantages over 

a normal telephone. 

The first working demonstration of a videotelephone link 

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 

illumination 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 developed a videotelephone, 

named Picturephone Mod II, and have given it extensive field trials. 

Many other national or commercial telecommunication 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 require a very large bandwidth for the transmission of the 

video signal, compared to the audio signal. Typically, the video 

signal require- 100 - 300 times the channel  1,anr1w4 dth used by the audio 

signal.  This, of course greatly increases the cost of transmission 

and the question arises as to what is gained from using the video 

channel at this increased cost. 

Many different advantages have been claimed for the videotelephone. 

It has been suggested that the videotelephone would be a good substitute 

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, 19E8). 	if the introduction of the 

videotelephone 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 

produce a saving of 0 6 x 109 per annum on domestic air travel, and 
a 

6 x 10' on highways, as well as other appreciable savings in police 

protection, postal costs and recreational costs, producing a total saving 

of 0 50 x 10-  per annum (SODOLSKI, 199). Evan if these estimates were 

correct, they do not indicate that there would be any reduction in the 

amount of travelling to meetings, as with the introduction of videotelephone 

users may simply attempt to participate in many more meetings. 

Many of the claims for the advantages of the videotelephone might 

be modified if there was a greater understanding of the essential 

differences bett:een face-to-face meetings and telephone conversations. 

Naturally, the telephone (and also the videotelephone) will not permit 

the various forms of tactile communication behaviour that exist in face-

to-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. 	Also, there are important social differences 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 expenditure of time and money in visiting the other, such a 

meeting will be regarded as more serious and the participants more 

committed. 	In contrast, the telephone 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 able to judge the importance or status of the person he is 

visiting. For example, a visitor may 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 videotelenhone will not be able to provide the user 

with all the information that is available from a face-to-face meeting, 

it will provide him with more information than does the telephone. 

The problem, then, is to evaluate this information. One direct approach 

is to compare the effectiveness of interaction using the videotelephone 

with the effectiveness of telephone conversations. 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 and to produce acceptable, negotiated settlements. 

Before embarking on experiments to compare videotelephones and 

normal telephone,:, it would be worth studying similar 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 1;''ipetvere?ss of different; moles of comunicat-;.oh. 

efore studying the relative effectiveness of modes of communication 

1,414 nh an and (3f nnt .?11.nw visual nommoninaton i  nne mic.ht consider the 

function which non-verbal cues may 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 (1%9) s,_Iggests that there are six main ways that non-verbal 

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

1) Mutual attention and responsiveness. During a conversation,Ithere 

must be a continuous evidence that each is attending to and corresponding 

to the other'. 	The main non-verbal cues used for this are direction of 

gaze, head nods, and gestural reciprocity. Although a person 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 shall speak and for how long. Interactors are not 

usually aware of sendinT, or receiving these cues. 

3) Interpersonal attitudes. Attitudes, or intentions of threat and 

sexual desire etc., are often indicated by spatial proximity, posture, 

and tone of voice; such cues are often very important, as attitudes.  

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

4) Illustration. Speech may be accompanied by movements of the 

hands which are used to illus+rate what is being said.or for pointing to 

objects. 

5) Feedback. 	So that a person may plan his next utterance, he needs 

to know how his utterances are received, e.g. to see. if the other is 

surprised, agrees, is annoyed, or understands. The information is mainly 

obtained by studying the other's face. 

6) 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 signals 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 interaction'. 

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, MIA 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 when it was important that the 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 reactions. 

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 difference 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 suLfjects who conversed face-to-face with that of 

subjects who conversed 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 attention 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.) 

It 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, and 

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

conversant than the other could see of him. 

Tt.;., exploratory experiments which are particularly interesting were 

carried out by the Joint Unit for Planning Research (REID, 1970). In 

the first experiment, subjects were asked to assess the suitability of 

a candidate for a travel scholarship. Eleven subjects interviewed a 

confederate face to facet  and another eleven interviewed him by telephone. 

The subjects had to ;edge 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 an' 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 person's 

ability to tell if another is lying, when he can and cannot see the 

other person. The experimental procedure was to instruct a person to 

speak for approximately five minutes about his recollections of school 

or college dugs. The five minutes of speech were broken into ten 30 

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. One of the subjects 

listening, sat at the opposite side of a table to the speaker, while 

the other at 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 coOd see the speaker and by those who could not. 

But aga:tn, 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 of interaction 

a person may have an unjustified confidence in some decisions or 

judgements made during a videotelephone conversation, compared with 

similar judgements made during a normal telephone conversation. 

In consequences  care must be taken when assessing subjects' (or users') 

judgements, as to the relative merits of videotelephones and normal 

telephones. 

In the author's knowledge there has been only one experiment that 

has directly demonstrated a difference betl.een 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. For 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 that they each represented, 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. Morley and Stephenson 

argued that their findings are due to the difference in formality 

associated with the two modes of communication. Thus, using the more 

formal mode of communication (the telephone) there is more emphasis on 

the inter-party communication, whereas face-to-face allows greater emphasis 

on the more human, interpersonal communication. 

The above experiment is s4_milar to one by SMITH (1969) who compared 

the different outcomes of negotiations carried out by pairs of subjects 

face-to-face with those where the subjects were limited to written 

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 there was a greater dispersion of 

settlements under the face-to-face negotiation, and it was argued that 

this was due to a 'successful attorney' being able to push the settlement 

further in his preferred direction when face-to-face, compared to when 
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restricted to written communication only. A questionnaire was 

given to the subjects in older Lo dehermine 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 bring about greater satisfaction. 

Nonaof the experiments referred to in this section dealt with 

face-to-face meetings where the participants needel 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 enough 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 telephone conversations„as 

all that the experiments may demonstrate is that the simple measures 

and experimental procedures that have been used to date are inadequate 

for comparing two very complex forms of social inte:::raction. 

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; and the field trials should not rely 

just on the user's subjective opinions of the videotelephone system. 

This 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 systems. 

t 
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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 to make more realistic estimates of what influence the 

introduction of the videotelephone will have on travelling and location 

of office centres. 

1.3 The author's field of study 

When conversing over a videotelephone link, it must be assumed 

that the conversants 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 ccuversation without 

the 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 improved 

by training, (ARGYLE, 1969)). If a videotelephone is to allow the 

conversants to employ their communication skills to their full potential 

then the videotelephone should allow the use of az wide a range of non-

verbal signals as possible, 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 a videotelephone may affect the perception 

and use of some of tht. cues that are often used in face-to-face 

meetings. The results of some of the experiments may prove useful 

to engineers who are concerned with the 'human factors' aspects of 

videotelephone demign, The ,,nsults, and also the method used to record 

the conversant& behaviour, may also prove useful to the many 

psychologists engaged in studying the use of non-verbal cues in a social 

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, 

who are interested in abnormal communication behaviour in social 

interactions. 

Some of the visual signals that are used in social interactions 

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 screen. 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 other. 
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It would have been interesting to study how varying the many 

different picture parameters of a videotelephone would influence the 

user's perception and use of non-verbal cues. The results of such 

a study may have some bearing on the choice of picture parameters for 

commercial videotelephone systems. Such a study is beyond the scope 

of this thesis. and because of the high cost 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 type3of 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 organizationshave 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 

is simply assumed to be a 'television' iwage added 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 may 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.) 

To stress this point further, an anology may be made 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, (RICHARDS 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 as tests analogous to these used h; television engineers to study 

the impairment or changes in picture parameters of broadcast video 

images. Just 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_eption 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, which dealt with 

the perception of facial images, used an established technique for 

comparing the perception of visual forms; however, this technique has not 

been used before in conjunction with facial images. The second experiment 

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 looking and 

eye contact etc., and the method used for stimulating conversation are 

the same as those used in published experiments, which have investigated 

subjects' uen-vepbal belia-viuur iu I:doe-iv-face interactions. Again, the 
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originality of the author's experiments was the measurement of subjects' 

looking and speech belvIvinm- whilts they  were conversing over a video 

link. Mr. B.G. Champness suggested comparing the chance and measured 

amounts of eye contact but the author further developed the probablistic 

model used for estimating the duration of chance eye 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 author's supervisor, Professor E.C. Cherry. 

1.5 Summaryandpreview of later chapters. 

Chapter 2 reviews some of the literature that has been published 

on conversation and non-verbal cues. Emphasis has been given to those 

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

1,e 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 parametters of existing video- 

telephone schemes, picture size and viewing distance, and the control of 

a viewer's movement. Also included is a description of the types of video 

image used in the author's experiments, and the method of generating 

the 'cartoon' image. 
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Chapter 4 describes the audio, video and data processing 

equipment used in the -uthor/s experiments. It also contains an 

account of an experiment performed to investigate Lhe perception of 

direction of gaze when using a videotelephone. The results of the 

experiment were used 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 to investigate: a) the identification of a facial image 

using different forms of video images, b) the apparent proximity of 

a facial 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' llookingibehaviourland 

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 tiv! videotelephone terminal. 

Chapter 8 gives a general summary of the separate conclusions to be 
found in many of the different chapters. 
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Chapter 2. 

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 video telep::_ones. 

He may then consider what effect the various limitations of any particular 

video telephone system will have on the communicants. 

‘• 
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2.1. 	Conversations and Signs 

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 subjects in 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, Charles 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 as!lect or capacity 

(See GALLIE, 1952) 

This definition demonstrates the triadic nature of a sign situation, 

i.e. sign,:landing 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 communicants performance which the other person interprets as a-

sign. The person 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 intentionally 

and may not be aware that he is doing it. 

t • 
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NEWCOMB (1953) proposed that the simplest poss4ble communication 

act may he described in terms of his A, B, X system (Sec Figure 2.1.), 

where A transmits 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 increased symmetry. 

An intereaction between two persons may be of a very complex 

nature and Lae constraints upon the participants' behaviour 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 conversati.,n 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 been 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 

(30STRU1.i, 1968 ). 	It is,of course, extremely difficult to use 

mathematical models for such a complex form of behaviour as a conve5.sation. 

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; i.e. where one person's utterance acts 

as a stimulus, eliciting a response from the other person, which in 

itself then becomes a stimulus. 

x 

A 	 

V;rrilra 2 1 1441T-Tnnm1.0c 	1;-.,4T”T enmmiln.innt4nn nr.t w  

‘• 
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2.2. Verbal and Non-Verbal Signs  

When two people are engaged in conversation, both verbal and 

non-verbal signs are used. By definition, verbal signs are based 

on phonetics and often have a written form; all other signs are 

classified as non-verbal. Non-verbal cues have a variety of 

different uses in face-to-face meetings. ARGYLE (1969) suggests 

that there are six main ways that they are used, and these are given 

in section 1.2. 

RUESCH (1966) has listed many of the similarities and differences 

between verbal and non-verbal codification and spatiotemporal 

characteristics. In certain circumstances, it may be much easier, 

or even mandatory, for a person to indicate his intentions with non-

verbal signs, as opposed to verbal signs. For instance, GOFFMAN (1959) 

mentions ver's1 taboos - thus, a person may not say "I am bored with 

this conversation, I wish to terminate it", but may indicate this by 

various gestures. ARGYLE et al (1970) showed subjects 	a video 

recording of a confederate whc read three different passages in three 

different tones of voice and accompanying facial expressions, indicative 

of superior, neutral and inferior attitudes. The verbal content of 

these passages was also arranged to be superior, neutral and inferior. 

Subjects were asked to rate the various parts of the recording on 

superior-inferior and hostile-friendly scales. The results showed 

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

Another difference 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 
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recorded, care must hr taken over utterances in certain situations; 

it is not possible to ?unsay? au utterance. 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 utterance 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 recognis,' 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 possible by the addition of a 

visual channel to the normal telephone channel, and also on any 

possible changes in tne forms of speech usel_ Specifically, the 

sections are devoted to kinesios, facial expression, direction of gaze, 

proximity, posture and orientation, physical appearance, and speech. 

Because of the nature of the visual telephone, 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 (197c). 

In his review, both human and subhuman signalling is covered, as well 

as normal and abnormal sign behaviour in humans. 
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2.3 Kinesics  

The term kinesics was first introduced by BIRDWHISTELL (1952) 

to cover the study of visible 'body wotions; he also invented a 

notational system for recording minute facial and postural 

movements. BIRDWHISTELL (1960) introduced three different levels 

for the study of kinesics - prekinesics, dealing with the physiological 

basis of body motion; micro-kinesics, dealing with the derivation of kinen 

(the least particles of isolatable body motion); and social kinesics, 

which deals with the function of these elements in communication. For 

. example, he found that subjects could descriminate eleven positions of 

eye lid closure, but only four with differential meueling. He also 

considered that no body motion is meaningless as it will always have 

significance at one or more analytic levels as part of a structure,: 

pattern. 

In conversations, speech is typically accompanied by kineSic 

markers BIRDWHISTELL (1966). These kinesic markers are synchronised ,  

with the vocal behaviour and may emphasise or modify the vocal 

constructions, or indicate the context of the message situation. , 

For example, a 'pluralization marker' might be a sweep of the hand 

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 become meaningful when the 

context is given or when they are accompanied by some utterance. 

SCHPA, LEN (1963) analysed films of a psychotherapist interview-

ing patients for kinesic, postural and linguistic behaviour. He 

found that patterns of behaviour were important and not isolated events. 

He later found that non-verbal behaviour had a hierarchical arrangement 

(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 chair; 

whereas, the presentation was the totality of one person's position,, 

such as leaving the room. 
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2.4. Facial Expression 

Some of the first work on facial expression was done by BELL (1806) 

who performed basic analysis of the facial musculature. DARWIN (1872) 

studied the facial expressions in both man and animal. Darwin regarded 

facial signals as primarily of au 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 obtained by correspondence with Europeans 

in contact with aboriginal races) and, that animals also had similar 

facial expressions. 

Mead criticized Darwin by pointing out that animals do not undertake 

to express their emotions for the benefit of other animals (MEAD 1934). 

Similarly, human facial gestures need not express the content of the 

individual'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', 'joy' etc., and 

even complex emotions such as 'pity'. Thus, agreement among judges 

varied tremendously and varied for different expressions. A review of 

the early work in this field was done by WOODWORTH (1938). He also• 

suggested that facial expressions should be 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 that the most satisfactory categorization of facial 

expressions was 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. 	Later, (SCHLOSBERG 1951+) a third independent dimension 

of activation was added which ranged from sleep to :.ension. OSGOOD (1966) 

also found three similar dimensions - Pleasantness, Activation, and 

Control; and by means of cluster analysis, suggested that there are 

7 - 10 basic regions, 

Much of the early work on facial expressions used photographs as a 

stimulus source. These 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 accuracy of recognition improved 

by approximately 50 percent when the moving eine image was used compared 

with the 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 to 

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 Darwin's. 
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2.5. 	Direction of Gaze 

In the following paragraphs 'eye contact' is dt.fined 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 novelises 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 opan or closed, i.e. to help 

to synchronize utterances. Also some people desire to be seen and 

eye contact is the proof to they of being been, Eye contact will 

influence the establishment and recognition of social relationships, 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 analysing films taken at two frames 

per second. The general results were:- the participants look at each 

other intermittently, usually between 28 - 70% of the time although 

variations of 0 - 100% were record3d; these glances vary in length, 

normally between 1 - 7 seconds. While participant A is looking at the 

other member, B3  of the dyadic interaction B will only look back part 

of the time to produce eye contact. This eye contact is typically 

10 - 3056 of the total time, each eye contact being of short duration 

(about 1 second). A]sol  there is more looking by the person who is 

speaking and the person who is listening will look at the speaker for 

longer periods than he looks away. If A is about to speak, 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 gaze. This prolonged gaze is mainly to obt:Ain feedback 

on the other's response i.e. to see if A still has B's attention or 

if he can carry on speaking. The general pattern, therefore, is the 

speaker lockingaway and the listener 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 with each of 4 other subjects. Fifteen different measures 
were analysed e.g. frequency, mean length, and percent of the total 

time spent 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 person with whom they were 

interacting did have some effect. 

In the two experiments mentioned above, both subjects in the dyadic 

interaction were observed for gaze patterns. However, in many of the 

early experiments in gaze directions (e.g. ARGYLE & DEAN 1965, E'TINE 

et al 1965, EFRAU 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. 

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 confederate'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 (1968) found that with positive verbal content, frequent 

eye contact produces more positive evaluations of the confederate by the 

subjects (both females), while, wiLh negative verbal 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 amount 

of locking and eye contact, as well as various personal attributes of the 

participants. For instance ARGYLE & DEAN (1965) found that as the 

distance between subjects ir,,a dyadic interaction increased, the amount 

of eye contact also increased. 	Subjects (S) 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 

behaviour, and again they found an increase in eye contact with increased 

separation of subject and confederate. Argyle & Dean postulated an 

affiliative-conflict theory to account for this change in subject 

performance. However, STEPHENSON & RUTTER (1970) carried out a similar 

experiment, the difference being that a confederate sat in the position 

(S) normally 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 subject and 

-the confederate increased, and hence the distance between observer and-

confederate increased, then observers increasingly recorded the confederate' 

gaze, directed at the subject's shoulder and ears, as eye contact. 

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

performance 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 conversation (EFRAN and BROUGHTON 1966). 
Subjects will look more at a confederate who is of apparently higher 

rAatus when receiving approval (EFRAN 1968). Subjects look less 

dnrin3- conversations with embarrassing content (EXLINE, GRAY and SCHUTTE 

1965). Females engage in more eye contact than males (EXLINE 1963, 
E:/.LINE, GRAY and SCHUTTE 1965, KENDON and COOK 1969). Argyle and 

Dean found that the amount 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 partner. 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 they are lying. Unless 
et al_ 

they scored high on a Machiavellialtrating (ENLIN1961), people high 
in affiliation motivation (measured by a FIRO questionnaire) look more 

in non-competitive situations than those low in affiliation motivation 

(F LINE 1963, EXLINE, GRAY and SCHUTTE 1965). 

STRONGIIAN 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 actual amount of eye contact and 

1;he amount that would 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. 



36 

They found that the actual eye contact measured was between 22% and 

110% greater than would be exnected from chance robots. CHAMPNESS 

(1971) has extended the above formula, by taking into account the 

amount of time that each member spends talking 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 increase, but in fact, the measured amount 

of eye contact was less, thus demonstrating 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 dir,ction of gaze. A 

further discussion on this is to be found in Chapter 4. 

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, etc., it is much 

easier to measure and thus more amenable for experimentation. 
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2.6. Proximity, Posture and Orientation 

When two persons are engaged in a conversation they will tend 

to choose a certain relative orientation and separation. The 

particular orientation and proximity will depend on the location and 

various persoml attributes of the conversant:). 

SOMME2 (1961) asked pairs of subjects to sib down in a room 

which had various seating arrangements. He found that five feet 

between subjects (3 feet between chairs) was a comfortable distance 

for conversation when they were sitting opposite each other. If the 

available 'opposite' chairs were more than 51- feet apart then subjects 

preferred to sit side by side, ARGYLE & DEAN (1965) noticed during 

an experiment on the variation of aye contact with proximity, that 

when the subject and confederate were sitting Tery close together 

(2 feet apart), the subject tried to lean backwards in order to increase 

the separation between them, whereas, when they were 10 feet apart the 

subjects al:.empted to lean forward in order to decrease the separation. 

The proximity that persons choose for comfortable conversation will 

depend on the cultural background. WATSON & GRAVES (1966) found that 

Arabs tend to sit much closer together than do Americans. SOI,M'R (1962) 

also pointed out that the proximity that people choose will also 

depend on the particular meeting place. Seating tends to be closer 

in larger rooms or halls than in the more intimate surroundings of. 

smaller rooms. 

SOMMER (1965) also found that the orientation that the subjects 

chose depended on the type of interaction. When pairs 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 

cooperative situations, far apart when coactins, and together at 

the corners during casual conversation. COOK (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 apart during casual conversation than did Sommer's 

American subjects. 	S0i•1;'u!rc (1959) also found that when subjects 
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were seated around a rectangular table, most interaction occured 

between the adjacent subjects at the corner of the table, The 

sitting position that subjects choose at a table will depend on 

the position of the leader of the group, (SOMMEr? 1961). 

MEHRABTAN (1963)  eskc-1  subjects to talk to a hat rack. The 

subjects stood closer when they imagined the hat rack to be someone 

that they liked, compared with someone that they disliked. When 

ARGYLE 2nd DEAN (1965) told subjects to stand at a comfortable 

conversation distance from a cut out, life sized photograph, they 

stood closer if the stimulus photograph was of someone with their 

eyes shut, compared to eyes open. 

Although the literature referred to above demonstrates that 

subjects prefer 	carry on their conversation at some particular 

separation, precisely what is signallea by proximity is not clear. 

PORTER, ARGYLE & SALTER (1970) carried out an experiment in which 

three confederates interacted with subjects at distances of 3, 4, 
and 8 feet; however, proximity 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 analysing films of group the,:any sessions, SCHEFLAN (1965) 

showed that the posture that one person takes will be affected by 

the posture of the person to whom he is talking. MEHRABIAN (1968) 

found that when addressing an imaginary person whom they liked or 

disliked, subjects would adopt different postures. Mehrabian alsO 

found that when photographs of people in various postural positions 

were used as stimuli/  subjects judged that relaxation and a forward 

lean of trunk communicated a more positi7e attitude. 
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When two persons converse by means of a video telephone, 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 seen, the perception of 

posture and distance may be distorted. 	(See Chapter (;). 

2.7. Physical Appearance 

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 occupation. Many assumptions that are made ahout personal 

attributes from physical appearances may have little objective grounds 

for reasoning. For instance, THORNTON (1944) asked a group of judges 

to rate confedt..rates who did or did not wear glasses for different 

personality traits. Confederates wearing glasses were rated more 

intelligent, more industrious, more honest and more dependable than 

those who did not. In Thornton's experiment, the judges only saw the 

confederate very briefly. 'However, ARGYLE and McHENRY (1969) found 

similar favourable interpretations of intelligence from judges of ' 

persons wearing glasses, but this diminished the longer the judges 

looked at the wearer of the glasses. 

It is not always easy to quickly guess the identity of a person' 

speaking on the telephone, even if the speaker is well known to the 

listener. In video telephones, the addition of the visual channel 

will greater facilitate the identifation of the speaker. 	An 

experiment on thc type of visual channel needed for the identification 

of the callerl  is reported in Chapter 6. 
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2.8. 	Speech  

The non-verbal aspects 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 voicc,  dial i ty or tha tnnc,  of  voice. 

For example, STARKWEATHER (195), asked subjects to judge short 

recordings of speech for both aggressiveness 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 

filtering (handpass 100 -450 Hz), It was found that aggressive judge-

ments were as reliable with the content free speech as with normal speech; 

the judgement of pleasantness was less reliable for content free speech. 

Subjects were also asked to judge typescripts of the recording, i.e. 

content only. Judgements of the typescripts for aggression and 

pleasantness were less reliable here, than those of normal and content 

free speech. By presenting recordings of both normal speech 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 speech communications. Thus a communication channel that 

produces more interruptions and pauses might be deemed as less satis-

factory, as it may imply 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 take many forms, for instance: stutter, 

unnecessary repetition, incomplete sentences, slips of the tongue, 

and the frequent inc'usions of 'urns' and 'ers'. 	The inclusions of 

'ums' and 'ern' are usually LreaLed separaLely from other speech 

disturbances and are called 'filled pauses'. 	MACLAY and OSGOOD (1959) 

Postulated that filled pauses may be used to keep control of the 

conversational 'ball'. The rationale was 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 Ters'l  or some other sound, in order to indicate that he 

wishes to continue speaking. BOOMER (1965) rejects this hypothesis, 

pointing out that there are normally more filled pauses when a person 

is asked to record a monologue. Subjects in experiments by KASH 

MAHL (1965) wed more filled pauses when they could not see each 

other; COOK (1970) found no such change, whereas subjects in JAFEE 

& FELDSTEIN (19170)1s experiments used a lesser number of filled pauses 

when they could not see each other. 

ARGYLE, LAILJEE and COOK (1968) found that during a conversation 

subjects made more pauses and interruptions when the visual cues 

available were reduced. COOK (1970) compared the conversation of 

subjects who conversed face to face with those who conversed over a 

michrophone/lcudsneaker system. He found that there were fewer 

interruptions, utterances were shorter, and that there were more 

requests for repeats in the no-vision condition. Cook suggested that 

the unexpected result (more interruptions in the visible conditions) 

may be due to the .,,ubjects being more confident in the placing's of 

their interruPtions, compared with the no-vision condition where they 

had to take greater care. 
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Variation in the rates of speaking are mainly caused by 

variation in nausing (GOLDMAN — EISLER', 1961 /1), 	Tr an nxperimnnt 

by COOK, ARGYLE and LALLJETi; (1967), subjects engaged in a conversation 

said more when concealed than when unconcealed, and males snoke more 

than females. 	There has been some controversy as to the cause of 

the variation in pauses. GOLDMAN — EISLER (1961 B) showed that pauses 

occur before words of low transitional probability; BOOMER (19(55) 

rejects these findings and demonstrates that the positions of pauses 

in an utterance are related to the grammatical structure. COOK (1969) 

has reported on experiments relating pauses to anxiety and speech 

disturbances. 

In an experiment by MOSCOVICI (1968), it war, shown that, compared 

with subjects who sat face-to-face, (whether visible or screened) 

subjects who sat back-to-back or side-by-side spoke in a style that was 

more like the ,:rritten form. This indicated that tin change in style 

of speech was due to the relative unfamiliarity of the latter two 

positions and not merely the withdrawal of vision. However, this 

experiment was carried out with French subjects and it is, therefore, 

not necessarily applicable to conversations in English. 

When a visual channel is added to a telephone system, both verbal 

and non-verbal signs, used in a normal telephone conversation, may 

alter. COOK (1970), in his experiments on conversation under diff6rent 

conditions of visibility, hypothesized that there are verbal equivalents 

to visual signals, which would be used if the visual channel were 

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 video 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 users 'on camera'. Finally, it deals with the 

types of visual images used fo-2 the author's experiments, and 

how these images were produced. 
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3.1 Visual Communication Channels. 

The purpose of an electronic visual communication channel - 

is to provide a viewer with some form of visual 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 dimensions, but also, further 

dimensions to represent the visible energy spectra at all points, 

thus, the binocular view of space would require a six-dimensional 

vector representation, (SCHREIBER, 1967). Standards for colour 

transmission of videotelephones have already been proposed (VALENSI, 1969) 

and Bell Laboratories have begun research into methods of producing 

colour for their Picturephone, (MOLNAR, 1969). However, in the 

immediate future;  it seems that flat monochrome images will be 

used for videotelephones; such an image normally only requires a 

scalar representation. 

FANO (1961) proposed a model of communimation systems used 

for transmitting information about an analogue source. This 

model may be applied 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 

visual 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, a different, less stringent 

fidelity criterion may be appropriate. leading to different source 

encoders, (PEARSON, 1965). An appropriate fidelity criterion 

for a videotelephone visual transmission system might be that 
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only the useful, non verbal behaviour of the interactors need 

be recognised. 

The choice of fidelity criteria for a visual communication 

system will be influenced by several factors. One will be Lhe 

cost of various alternatives. Another factor will depend on the 

estimation of the customer's requirements. Because broadcast 

television has been in wid'spread 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 information 'sink', 

have been made by JACOBSON (1951), KELLY (1962) and BUDRIKIS (1964). 

I
noise 1 

visual 

world 

Fidelity 	- 

Criterion 

Z1.u1e1-r  

[ 	 
decoder 

Figure 3.1 Schematic diagram of Panolz model for an image 

transmission system. 
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Jacobson arrived at a figure of 4.3 x 106  bits/sec., by multiplying 

the totaa 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 noise ratio of each single pathway, arriving 

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 105  bits/sec. However, 

when the human viewer is regarded as a channel, measurements 

of recognition rates (SZIKLAI, 1956) and reacting rates (PIERCE and 

KARLIN, 1957) suggest a channel capacity cr only 40 bits/sec. 

All the video coding systems described in the following section 

require data transmission rates far in excess of this figure of 

40 bits/sec. The problem of matching the visual system to the 

viewer is that the viewer is not just an information 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 Ima5e 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 

Or the methods of image coding mentioned below were originally planned 

for broadcast television, they are applicable to videotelephones; however, 

some of the bandwidth compression systems are less efficient when used 

for videotelephones because of the reduced redundancy of the images 

used. 

The first proposals for the transmission of an image by electrical 

signalling to a distant receiver were made in 1878 by M. Senlacq and 

the first demonstration of a working system was in 1881 by S. Bidwell. 

This was only six fears 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. (see GA1RATT and MUMFORD(1952) for a 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 more complex coding schemes for future development, 

still employ raster scanning. 

Normal telephone channels use a bandwidth of 3kHz, and the 

speech signal transmitted may be coded into a digital 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., 

whereas broadcast monochrome television uses a bandwidth of about 

5 MHz and a data rate of up to 100 x 106  bits/sec. Because the 

cost of transmission IP related to the bandwidth or data rate 

used, there has been 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 been 

published since then. Although often called bandwidth reduction 

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

minimise the required channel capacity 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, 6 bit per sample PCM is used 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 which would determine the 

lower bound of the bits per sample needed for a particular image 

and fideleity criteria. 

The various schemes may be classified as either statistical 

coding, or psychophysical coding (SCHREIBER, 1967), although the 

distinction is often ill defined. Statistical coding refers to 

those schemes which make use only of the statistical relationships 

among nearby samples; these coding systems are usually reversible, 

An example 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 

images 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 came 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. DEUTSCH (1966) 

demonstrated 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 byERETZNER (1956). This system exploits the fact that 
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the viewer is relatively insensitive to errors 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 used for the American Picturephone service, is 

some form of differential PCM (NAST & WELBER, 1969). The differential 

PCM 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 HILL (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, crowds and wallpaper. Coded signals could then be sent 

to a receiver which would select from some library, standard 

patterns for grass etc., more important details of the original 

scene being sent by conventional methods. The idea of using 

'intelligent' transmitters may be adapted for use with videotelephone 

systems. Persons engaged in conversation over a video link only 

look at the video image , on average, 44% of the total time (see 

chapter 7). The proposal is that the transmitter, at either and, 

has sufficient 'intelligence' to recognise when the viewer is not 

looking at the monitor screen. When the transmitter detects 

that the viewer is not looking, it will signal to the other 

transmitter to stop sending any video signals. Over trunk routes, 

several of such intermittent signals may then be combined to 

save channel space by a system similar to that used for speech 

over transatlantic cables. 
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There arc far too many proposals for the bandwidth compression of 

video images for them all Lo be mentioned here, however extensive 

reviews may be found in the theses by THOMPSON (1968), ROBINSON (1969) 

and CHITNTS (1971). 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 first videotelephone was demonstrated in 1927 (IVES, 1927). 

This video link 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 2-1 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 unwieidly, it is interesting to 

note that it was demonstrated as an adjunct to the telephone, 

whereas 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 posLage stamp 

sized image and a frame rate of 1 per 2 seconds. HALL (1964) 

reported an experimental variable parameter television at Boll 

Laboratories which was used for subjective tests, in order to 

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

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

video bandwidth. Horizontal line scanning was used with a Kell 

factor of 0.5. The displayed image was 43- inches wide and 
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 background 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 Picturephone 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 importance of keeping 

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 Mod. II, which is the most recent development 

from Bell Laboratories, the video bandwidth 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 

the imminent availability of a 6.3 x 106  bits/sec. digital carrier 

system, (DORROS, 1971). The picture format has also been changed 

to a wieer one, while the use of a silicon — diode array, for the 

camera 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. kri 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 Picture parameters of the Bell Ptcturephone 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 proposals for videotelephone standards in 

Britain were made by LUNN and MUMFORD (1965). They described 

a system having 228 lines, horizontal scan, and 555 kHz bandwidth. 

The picture format was similar to that of the Picturephone Mod.1, 

in that it was 'nigher than it was wide PURTON 2nd LUNN (194) 

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 shoulders, while the 

ambient illumination was kept low. In the normal videotelephone 

situation;  one IDerson would view a moving image of another person, 

while the amb*.ant 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 tney allow a more critical than average appraisement . 

of the video image. A summary of the main parameters of this 

system, called 'Viewphone', is given in Figure 3.3. Vertical 

scanning was used because it was assumed that the users may attempt 

to send alpha-numeric material. (BURDETT (1962) found that with 

a unity Kell factor, intelligibility of typescript is slightly 

higher than when the scan direction was vertical.) 

If in the future, videotelephones become very widespread, 

they may be used for international telephony. This would give 

rise to problems of compatibility of systems. As staadards 

converters are very expensive, it would be necessary for the 

operators of the various systems to come to some agreement about 

picture parameters. One of the immediate problems would be the 

different frame rates used in North America and Britain. 
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3.4 Control of the Viewer's Movement, 

In a television broadcasting situation, when a person being 

viewed moves, a cameraman will redirect the camera so that the 

image of the person will stay reasonably stationary on the viewing 

monitor screen i.e., the person will stay 'on camera'. In a 

videotelephone situation there is no cameraman, nor are there 

any 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 mnvem-nt of the user will result in his facial 

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

When people use a videotelephone, 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 narrol: picture format users 

will have difficulty 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 to use a wider angle lens to increase the field 

of view; but this mould reduce 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 

image 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 was talking. The author carried out some preliminary 

experiments In which the video monitor screen was split in two, 

allowing the viewer to see his own trancmiLted image on one half 

of the screen and that of the other person on the other half. 

This system was quickly abandoned, as 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 

probably due to the novelty of seeing themselves on 'television' 

and this made the system unsuitable fcr the planned experiments, 

but no doubt 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 screen at the end of 

a tunnel, (see Figure 3.4). This will limit the distance that 

the vewer may move while still being able to see the screen. 

FISCHER and Ean (1968), working in Germany, have carried out 
subjective tests OA three different constructions of tunnel: 
1) a simple air tunnel with black sides, 2) a tunnel with a convex - 

lens on the framt, 3) a solid Acrylic block. They also varied 
the length of the various types of tunnels; the longer the tunnel, 

the more it restricted the user's movement, but longer tunnels 

were less acceptable to the users. The test resulted in the 

choice of an Acrylic block of length 20 cm. To make the whole 

videotelephone unit appear less bulky, the tunnel was mounted 

vertically with a 2!5°  mirror at the top. (See Figure 3.5). 
This German unit we.s specifically designed to stand on the floor 
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Figure 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. 

Figure 3.5 	Schomatio di-,:rrm to -,h.o=.r 	v'eln.tive positions of 

the viewer and the video—telephone terminal developed 

by Sicmeno AG (Geri :any) 
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beyond the user'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 cathode 

ray tube to be operated at a lower brightness, ensuring longer 

life. 

3.5 Picture  Size  and Viewing 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. 

,TESTY W.53) found that for any particular bandwidth and 

size of television image, different subjects 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, V/H, 

was found to increase as the bandwidth, and hence resolution, 

was reduced. For a 60 line television image with a bandwidth 

of 5.0 mHz, the viewing ratio was approximately 6. This value 

of viewing ratio has been used for subjective tests of 625 line 

broadcast television images. (For example, see ALLNATT and PROSSER,(1965). 
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BALDWD (1951) demonstrated that visual acuity was dependent 

on viewing distance and the colour of the image viewed. He sat 

the subjects used for the acuity test at various distances from 

an image, which VMS similar in size and brightness to that of a 

17 inch televifion 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 increase in the bandwidth 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 why, 

on average, subjects are less critical of small pictures than large ones, 

when viewed from distances which give the same viewing ratio, V/II. 

VERNON (1953) has pointed out that, as a television screen 

can be seen to be small compared with its surroundings, 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 diminutive size of depicted objects while 

viewing a small television 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. 

When viewing a three dimensional object, 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 as the viewing distance from a flat screen is 

increased, the binocular cues become weaker, and the perception of 

depth of an object depicted on a screen 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 that with binocular vision there were loss 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 binocular vision, the difference 

being greater the closer that the subjects 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 bould 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 just watching an image on a screen. However, 

in a videotelephone situation, the viewer will interact with 

the image on the screen, and consequently a different image size and• 

viewing distance may be preferred. The optimum distance and size 

of screen may be found to be related to the 'comfortable distance 

for conversation' (see section 2.6), and thus related to the 

'apparent distance' of the facial image on the video monitor screen 

(see section 6.2). And there are, of course, personal preferences 

which may be finally the most important factor of all. 

It may be questioned as to whether e. choice has to be made 

at all, for it should be possible for the operators of videotelephone 

systems to- offer different designs of video-telephone sets to 

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

to be viewed frnm across the room. The first of these alternatives 

(i.e. small desa top unit) was used for all the author's experiments. 

This choice was determined by two factors; 1) The ready availability 

of small video nonitors, and 2) that it seems likely that this 

type of unit will, 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 criteria may be adopted when choosing the picture parameters 

to be used in experiments to investigate how the visual image 

would enhance telephone conversations. Firstly, the visual image 

should be similar to those used in existing videotelephone systems, 

or similar to those 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 implementation of these systems. 

Secondly, several visual ima6;:s should be used which are different 

in some definable parameters. In 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 axnoriments. 
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Because of the various limitations of time and cost, iL 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-_fravisiont system, 

(see PEARMAN and IDDLES, 1968). Although this is a higher fidelity 

video image than that to be used 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 texture and 

shading. VERNON (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 original 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 monochrome video image so that only the edges or contours 

are left; the resulting image will be like a line drawing or 

cartoon. However, a cartoon image produced by such 'circuits 

would be different to that produced by an artist, in several 

different ways. Firstly, the circuitry will not be able to separate 
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Figure 3.6 Picture parameters of the video image used in 

the author's experiments. ( Ampex 9A video monitors 

ware used for all perceptual and conversation 

experiments.) This figure is drawn half full size. 

1• 
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'figure' from '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 details. Secondly, 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 of the two types of images used in the experiments 

are shown in Figure 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 what 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 comparison of the entropy and coding 

needed for the two types of image is given in Appendix I. 
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'Archie' 

'Max' 

Figure 3.7 	Examples of the two t-pes of images used 

in the experiments. 

• 
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3.7 	nesn,t,rnti^» of Cartoon TMPae. 

The remainder of this chapter is concerned with the design 

of the cartoon generating apparatus used for the videotelephone 

experiments. 

PEARSON (19r,5) has demonstrated a cartoon type of video image. 

His apparatus consisted of a 2-level quantLzer, followed by a 

differentiator and full wave rectifier. The disadvantage of 

his method is that very different cartoons are produced if the 

2 level quantizing threshold is changed slightly. Also, unwanted 

contours are introduced where a very slowly changing signal crosses 

the quantizer threshold. With this type of detector, it is virtually 

impossible to detect both sides of a 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 or edge detector 

will consist of some method of differentiating a brightness signal 

with respect to position, followed by come form of level detector. 

With a raster scanned video system this differentiation is achieved 

by differentiating the analog-1-.9 video signal with respect to time. 

Circuits may be produced which achieve a very close 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 problems. This problem 

is reduced if a circuit that gives a first order aperoximation 

to differentiation is used. Such a circuit simply consists of 

delaying the analogue signal for a time "5, and Uen subtracting 



	-coutput 

differential 

video delay 	amplifier 

( inn nseo  ) 

—true differentiation 

1 st order approx. f(t)—f(t—t)) 
/7 	 ,,\ 

• r 
5 MHz 	10 MHz 	frequency' 

L—( system bandwidth ) 
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input 

Figure 3,8 Circuit for first order approximation 

to differentiation . 

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:- 

g(t) 	= 	f(t) - f(t-'t) 

This circuit has a linear phase response, and the frequency response 

H(jo) is given by:- 

I ii(i(-0)1 
	

2 	sin ( (").t)1 

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 ,.e,Dpue of the first order approximation 

may be relatively easily 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 threshold device (th), which detected brightness transistions 

above some defined threshold level. The threshold was adjustable, 

so 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 circuit is shown in Appendix III. 

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 are 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 immediately above it, 

followed by a full wave rectifier and threshold gate, as before. 



	 ttZ 

threshold 

fullwave 

rectifier 
monostable 

output 
L-11 line delay 

( 64 )usec ) 
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input 	
output 

video delay 

( 100 ns ) 

Figure 3.10 Simple Edge Detector which will detect vertical 

and near vertical edges. 

input 
0 

Figure 3.11 t;ircuit for detecting horizontal and near 

horizontal edges 



69 

To do this, it is necessary to delay the video signal for a time 

equal to one line period (64 Fee). 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 

called a horizontal edge -lc:teeter, it will detect any iba 

edge that is near the horizontal. 

If all the details around the eyes etc. are to be defected, 

the threshold circuit must be able to detect very small transitions 

in brightness. There was however, a trade between the level 

of the threshold detector and the amount of noise introduced. 

When the threshold was adjusted to give adequate detail, the 

image was marred by noise which was snow-like in appearance. 

As the noise in simply organized regions of a picture is particularly 

disturbing (GRAFAM, 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 to 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 detected 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 unwanted, random noise point increases with the length 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 length of the shift register will depend on Lht 

noise level, on the video source, and on the particular image used. 

Subjective tests were carried out using the flying spot scanner 

and a positive transparency of a face. Noise was added to the 

video signal to give the same subjective im:ression of noise 

level as was obtainable with the vidicon camera to be used in the 

experiments. No 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-  ) 

shift register 

I 
1 21 Li 1 

shift register 	
L2N+1  2 

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 nne acoustic delay linn, it 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 horizontal 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). Rowever, as delay lines are very expensive, the 

slight improvement 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, :•chile 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 (N), 

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

thickness as the horizontal ones. 

Plumbicon and vidicon cameras have a triangular noise spectrum, 
high 

with the greater amount of noise at the
A
irequencies, (VAN DOORN, 1966). 

Because of this, whenever a plumbicon or vidicon camera was used, 

it was found that the subjective appearance of the cartoon was 

improved, if the original analogue video signal was passed through 

a low pass filter with a cut off frequency of 3 to 4 MHz. 

For an image of a person's head and shoulders (as shown in 

Figure 3.7) produced by a plumbicon camera with a low pass filter 

(3.5 MHz cut off), the noise stripping circuit reduced the total 

number of detected picture elements per second by about 2 to 5%. 

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 3.14 -

3.17. All the photographs are single frame exposures. The video 

image was produced from a slide by a plumbicon camera. The picture 

points in all the cartoon image& are at discrete iutervals of 

position, e.g. the output of the simple edge detector is fed 

into a JK flip-flop 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. 



74 

Figure 3.14 Original monochrome image. 

Figure 3.15 	Cartoon produced by a simple edge detector.. 
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Figure 3.16 	Cartoon produced by horizontal and near 

horizontal edge detector. 

Figure 3.17 	Complete cartoon image. 
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Chapter 4. 

Control. Recording and Terminal Equipment. 

This chapter describes the control, recording and terminal 

equipment used in the videotelephone experiments. The chapter 

is split into four sections. The first deals with the perception 

of another person's direction of gaze when conversing over a 

videotelephone link and describes an experiment performed to 

investigate this. The rerults 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 audio system used, and the third with the video system 

constructed for the videotelephone experiments. The fourth section 

conl;Lins a description of the method and apparatus used to process 

the da4:a obtained from the videotape recordings of subjects conversing 

over the videotelephone link. 
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4.1 Relative nosition of video monitor and camera. 

Once the t;rne and size of video image and the viewing distance 

to be used have been decided (see section 3.6), the next problem 

is Lo olloobe Lhe relative pOiLiCni of video monitor Y d camera 

at each terminal. In commercial systems, this choice may be 

determined by aesthetic design, or the need for various graphic 

facilities. One important factor is the perception of eye contact. 

Hence, the relative positions of monitor and camera should be 

chosen so that 'Ihen one viewer, (A), looks ,et the image on his 

video monitor, 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 him. 

The following section deals with the percebtion of eye contact, 

and this is followed by sections which describe an experiment 

carried out to determine the optimum choice of camera and monitor 

Position, with the criterion that the Dere:lotion of eye contact 

over the videotelephone link should be as accurate and realistic 

as possible. The results of this experiment will have important 

implications for other experiments described later in this thesis, 

namely those concerned with a videotelephone user's looking behaviour. 

Thus, in these later experiments, if measures of 'eye contact' 

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

can accurately perceive the other user's direction of gaze. 
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4.1.1 	Perception of eye contact. 

The stimulus sources for the perception of a person's direction 

of raze are the wsition 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 and 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. 

(see Figure 4.1). This is not the only deper,lent, however, as 

the position of the head must also be taken into account. (see 

Figure 4.2). Fisllres 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 rnlati,re to the face form. 

In the experiment reported by Gibson and Pick, a trained 

'looker' gazed at various imaginary points on a horizontal line 

at the level of the subject's eyes. The subject was asked to 

say 'yes' when the 'looker' gazed directly into his eyes. The 

results suggested that the subjects had good discrimination of 

whether or not Lhe 'looker' was gazing directly at them. There 

were considerably less 'yeses' from the subjects when the 'looker' 

rotated her eyes 2.9°  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 

she constant error (CE). In the Gibson and Pick c-,meriment, 

the looker varied her head position so as to look askew at the 

subject. With the head rotated through 30°  to either side, there 

was a small shift in the CE. in the same direction as the head 

rotation. The threshold for the askew head position was very 

similar to that for the straight forward head position. 

CLINE (1967) presented subjects with a mirror image of a 

trained 'looker'. The apparatus used allowed the looker to gaze 
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C_D)-'s Cs.) 

Figure 4.1 Schematic centering and off centering of the pupil in 

the sclera as the stimulus for the impression of being 

or not being looked at. 

CED 

Figure 4.2 The same Eye-Forms as in Fig. 4.1 sarrcrunded by a 

Face-Form which shifts the apparent direction of 

gaze. Eyes formerly gazing to the right now seem 

to gaze forward, and those formerly gazing forward 

not gaze to the left. 

(Figs. 4.1 and 4.2 taken from GIBSON and PICK, 1963) 
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at one of 13 targets, which the subjects could not see. It appeared 

to the subjects that the looker was gazing at various points about 

the subject's head and face. The subject had to indicate where 

they thought the looker was gazing. Accuracy for judgements of 

gaze, directed at targets other than the subject's eyes, was 

considerably less for gaze directed at the eyes, thus subjects 

are very sensitive to eye contact. Also, it was found that the 

threshold for vertical rotation of the locker's eyes was significantly 

greater than for horizontal rotation. Unlike Gibson and Pick, 

Cline did find a difference in the thresholds for different lookers 

head positions; also, the threshold for the straight forward 

head position was sm&ller than that found by Gibson and Pick. 

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

relationship 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 eyes still appear to look unwaveringly at the viewer. 

This effect is well known, as the eyes of many famous portraits, 

notably the 'Mona Lisa', seam to follow one around wherever one 

may walk. AMTIS et al (1969) investigated this effect by performing 

an experiment, very similar to that of Cline's, but using a television 

image of a trained looker, as well as the 'live' looker. The 

results indicated that when the television monitor was rotated, 

the perceived direction 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 portrait and more like a three dimensional statue. 

For both television images and 'live' lokkers, Anstis found a 

similar relationship between CE and head position, as did Cline, 

and Gibson and Pick. 
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McGRATH anrc HATCHHR (191) took a series of photographs of a 

looker, who fixated his eyes at a target points varying in one degree 

steps from the camera lens, as well as directly at the lens. 

The targets were on a horizontal line and a vertical line, inter-

cepting at the centre of the lens. The photographs were taken 

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. It would appear from their results that for vertical 

rotation of the iooker's eyes, there was a considerable CE below 

the centre. My:Fever, McGrath and Hatcher did not carry out any 

statistical analysis of their results, so that it is difficult 

to know what emp7nasis to place upon them. 

4.1.2 Video links. 

Raster scanned images, using analogue video signals, may 

be expected to influence the perception of the direction of gaze. 

This possible influence may be due to several factors. Firstly, 

the image of th.e. eye form etc. is effectively sampled in one 

direction and not the other. Secondly, because of the limited 

bandwidth of practical systems, the possible resolution of detail 

around the eyes will be worse than in face to face interactions. 

These limitatiol,,s mentioned will affect the perception of the 

direction of gaze; also there will be noises  ghosting, filter 

ringing, and other aberrations which will have an effect. 

One other major disturbance encountered in videophone links 

is that the came= and video monitor are spatially separated and, 

therefore, the viewer looks at the monitor display Pnd not the 

camera. For example, if the camera is on top of the monitor 
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(tree Figure 4.3) and the communicantA looks at the eyes of the 

facial image of TS on the monitor, then the facial image that 

B sees of A will be a face looking down and not at him. Similarly, 
if the camera is at the side of the monitor and A looks at the 

monitor, B will see an image of A apparently looking to the side. 

In such systems there can never be true eye contact, but the 

'off set viewing' effect will be reduced, the nearer the camera 
is to the image of the eyes on the monitor. 

Figure 4.3 	Simple videotelephone terminal. 
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4.1.3 Choice of Nonitor and Camera Positions  

As the video link under consideration is for ex:erimental purposes, 

the height of the cameras and monitors may be adjusted if particularly 

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 consideration in positioning the camera and monitor is to reduce 

the 'offset viewing' effect. 

There is likely to be a difference in the• perception of horizontal 
and vertical rotations of the eyes. This difference, if it exists, is 

also 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 he possible to select the relative positions 

of the camera and monitor such that the 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 camera may be as close 

to the eyes on screen whether it is placed above, below or at the sides. 

If experiments showed 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 example above was a particularly simple one 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 between 

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 compared. 
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The following section deals with an experiment carried out to 

measure the perceptibility of eye contact for vertical and horizontal 

rotation of the eyes over the video channel to be lir...ad in future 

conversation experiments, and hence to decide the camera and monitor 

positions for these future experiments. 

• 

4.1.4 Experiment to measure the perception of eye contact  

For this experiments  3 subjects were used at each session. One of 

the subjects (the looker) was seated in front of a television camera. 

The camera was arranged to be at the same 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. intervals. With 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 lens. 
The subject, seated in front of the camera, was told to look directly 

into the centre of the lens when bulb X was lit, but whenever any other 

bulb was lit, to look directly at that bulb. These bulbs were lit 

in a random order by the operator of the experiment. 



subject 

(looker) 

camera 
glens 	co 

Dilot 
--bulbs 

 

1 metre --- 

 

pilot bulbs 

looker's view of camera 
lens and pilot bulbs. 

Figure 4.4 Position of the camera and looker for the experiment 

on the nerception of a looker's gaze. 
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The other two subjects (viewers) were seated in front of a 

video monitor; the monitors used were the same as used for all the 

other experiments (see section 3.6). The illumination of both 

viewers and looker was arranged to be as similar as possible to that 

encountered in the videotelephone conversation experiments. The 

viewers were seated approximately 1 metre away from the monitors; this 

meant that the reduced image of the looker'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 Tali box with two buttons on it. They were given the 

following instruction: "press the green button when the person is 

looking directly at you, press the red button when he is not looking 

directly at jou". 	(This instruction was chosen because it is virtually the 

same as that used by Gibson and Pick.) 

The screen was made blank as soon as the subjects had made their 

decisions. Care was taken to ensure that the subject looking at the 

camera had settled into a steady gaze before his image was switched 

to the monitors for the next trial. 	The scanning direction of the 

camera was altered after approximately 40 trials, and after approximately 

80 trials the subject in front of the camera was changed with one of 

the subjects watching the monitor. The whole cycle was repeated three 

times with a short break in between each cycle. Thus, every subject 

was used as both looker and viewer, consequently avoiding the problem 

of 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 subjects. 

Only subjects who 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 horizontally. Preliminary tests indicated that 

the range of values used for vertical rotation of the looker's eyes 

needed to be greater than that for horizontal rotation. For 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. 

4.1.5 	Results 

horizontal Movement of the Looker's Eyes  

As there was no significant difference between the scores using.  

normal scanning and the scores for reverse scanning (e 2.6), they 

were added together, in order to simplify the presentation of results. 

The results for horizontal rotation of the looker's eyes are shown in 

Figure 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 2.7°  and the 

mean of the distribution (or CE) was 0.5°. 
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Results of the Experiment on the Perception of 

Eye Contact with Horizontal Rotation of the 

'Lookers' Eyes. 
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Figure 4.6 Results of the Experiment on the Perception of 

Eye Contact with Vertical  Rouation of the 
'Lookers' Eyes. 
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Vertical Movement of the Looker's Eves 

Again, there was no difference between normal and reverse scanning, 

so 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 1.5°. This CE of 1.5°  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 CEH and CEV, respectively. 

x2" 
To obtain a confidence level for the measured values of CE, qtest 

was used, on the null-hypothesis that the distribution had the same 

shape but that CE was equal to zero. This procedure required estimates 

of the numbers of positive judgements for values of rotation of the 

looker's eyes, between those measured. Everett's Interpolation formula 

was used to estimate these values (HARTREE, 1957). A similar procedure 

was used to calculate 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. 

CE 

rejection of null-hypothesis 

that CE = 0 

95% confidence 
interval of CE 

3‹.2  d.f. P 

CTzli 

CEV 1 

0.,5
o 37. 8 ‹. 001 

+ 
0.5

o 
 '.' 0./:

o  

1.5°  283. 9 4:1.001 	1 1.5°  + 0.4° 
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4.1.6, 	Discussion of Results 

Both the standard deviation of 2.8°  for vertical rotation and 

2.70 for horizontal rotation of the looker's eyes, are very close to 

that measured by Gibson and Pick (i.e. 2.8°) for a non-video link 

situation. It is interesting Lo uumpare Lhe results of the experiment with 

those measured with the Bell Telephone Laboratories, 'Picturephone', 

see STOKES (1969). With the Bell system, it was found that the 'off 

set viewing effect', or 'lack of eye contact', became noticeable when 

the looker's horizontal, rotation of the eyes exceeded 4.5°  and the 

vertical rotation 5.5°. The large disparity in this result, and the 

results cf the experiment reported here, are most likely due to:- 

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 effect. 

As there was no significant difference in the CE's measured for 

reverse and normal scanning, this eliminates the possibility of the 

viewing conditions and any peculiarities of the video monitors, influencing 

CEH; however, it does not eliminate the possibility that they will 

influence CEV. The small CEH may be due to possible unasymmetical 

illumination of the looker. The much larger CEV is probably 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 wtIole range of its vertical movement, 

whereas the lower lid moves downward for downward gazes but does not 

move upw and for gazes above eye-level. 

Cline found a similar, but smaller, CEV for 'live' lookers, while for 

photographs of the low.:er's face, McGrath and Hatcher found an opposite 

CE i.e. a CE below centre, (see section 4.1.1). 
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The average percrtage of times that subjects thought there 

was eye contact over the video link was generally low. This may 

be partially due to the pessimistic interpretation that some subjects 

placed on the instructions, i,e. they pressed the green button only 

when 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 P.5 metres. 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 

some of the .ewer's comments, that only one of the viewer's eyes 

appeared to be looking at them. This is an insurmountable problem 

when video telephones use small monitor screens and cameras which 

are relatively close to the user. There 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 looker's eyes for loss of eye contact by the well-

known up-down technique NETHER= aid LEVITT, 1965). 

The main conclusion 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 was determined by other considerations, such as the 

graphics facilities. The conclusion that the camera should go below 

the monitor screen is an unfortunate one for future experiments with 

the particular equipment available, as it is the one arrangement that 

is impossible. This is because all the controls for the monitor 

are below the screen, and the position of the centre of gravity of 

the monitors makes inverting the monitor difficult. 
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4.1.7. Final Positioning of Camera 

With the equipment to be used in later experiments, the shortest 

distance possible between the camera lens and the 'eyes' of the facial 

image on the monitor was 15 cm, and to the side. In this position 

Lhe lack of eye contact is very noticeable. To overcome this detrimental 

effect in the conversation experiments, a jig for holding the monitor, 

camera and half silvered mirror was made. This enabled the camera lens 

to be at the same apparent position as the eyes of the video monitor 

image. A photograph of the complete terminal 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 lens 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 0  inches highs  8 inches wide and an 
equivalent depthcT 11 inches. 

A• 
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Figure 4.7 	Photograph of a person using the ter7inal equipment. 

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 conversation carried out over a video link is to be as 

similar as possible to a face-to-face conversation, then the eyes 

of the facial iimage on the video monitor screen should be at the 

same height as the eyes of a person engaged in a face-to-face 

conversation. '.;Then this was tried using the author's system, even 

illumination of the viewer's face proved difficult, so the video monitor 

and camera were lowered slightly. This meant that in the experiments, 

the centre of the monitor screen typically appeared 6o below the 
horizontal. 

The video nonitor, loudspeaker, microphone and tunnel were placed 

on a table, Lhereas the camera was mounted on a tripod behind the half- 

silvered mirror, and was not visible to the subjects. 	(See figure 4.7.) 

During the conversation experiments, each subject sat on an upright 

chair in front af the terminal equipment. The chair was placed as 

close as possible to the table, thus the subject's forward movement was 

restricted by the table and his backward movement by the chair. 

The distance between the monitor screen and the subject's eyes was 

about 33 inches, i.e. six times the picture height. This ratio of 

viewing distance to picture height was used because it was the same 

as that used when performing subjective tests on 625 line broadcast 

television images. 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 videotelephone conversation, this distance was chosen 

as no work has yet been done on what is a more suitable distance. 

The main source of illumination during the experiment was natural 

light from a window near the terminal equipment. Some control over 

the level of illumination was obtained by the use of venetian blinds. 

Typically, the ra,mge of illumination varied from 400 to 500 lux. 

1. • 



96 

The author would like to point out that he does not suggest 

that the terminal equipment used in 	experiments is the most 

suitable design for any future commercial videotelephone 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. 

4.2 Audio Channel 

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

videotelephoL,1 links, will almost certainly be some form of Tloudspeakingt 

or 'handsfree' telephone. The audio system chosen for the author's' 

experiments (or any similar experiments) should resemble such a system 

as closely as possible. The experimental system used shouldelso 

have the facility for adding some of the impairments that are likely 

to be encountered in commercial systems. 
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4.2.1 Loudspeaking Telephones  

If a normal telephone 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 would be used; however, they also have other 

advantages over a normal handset which may encourage them to be more 

widely used in the future. A survey by FLOHRER (1970) showed that 

users seemed o like the following advantages:- 1) lore than one 

person at each terminal can participate in a conversai-don. 2) They 

like to have their hands free during conversation. 3) They alsolike 

to have their hands free during dialling. This last item, in particular, 

has been studied by HERBERLE (1968), who showed that with normal handsets 

many people hold the handset too far away to hear the various tones 

while dialling and this gives rise to ineffici,snt dialling. This 

disadvantage is completely oversome by the use of loudspeaking telephones. 

Loudspealcing telephones have some disadvantages, for example 

local room noise is more disturbing than it is when normal handsets are 

used. However, many loudspeaking telephones incorporate a normal 

handset, which may be used in noisy surroundings, or when the conversation 

is of a confidential nature. The main disadvantage arises from the 

fact that since the acoustic-electric transducers (i.e. microphone 

and loudspeaker) 	further from the mouth and ears than the equivalent 

transducers in a simple telephone handset, there must be more gain 

supplied in the system. As the microphone and loudspeaker are acoustically 

coupled, the totalloop gain must be kept below some critical value. 

If this value is exceeded, oscillation or 'sinfdng' will occur. The 

relative positioning of the microphone and loudspeaker, and the 

acoustical properties of the room in which they are placed, will affect 

the amount of acoustic coupling between microphone and speaker, and 

hence the amount of electrical gain permitted in the system. 
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The problem of 'singing' in commercial loudspeaker telephone 

systems is overcome by using voice-controlled gain switching, which 

allows full amplification only in one direction at a time (GUMS 1969, 

BUSALA 1960). This introduces three main problems:- 	1) although 

called 'voice switched systems', noise: other than voices such as local 

room noise will cause switching, 	2) clipping of the first and last 

syllables of a word (this is a problem of compromise 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 hycterisis 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 exneriments 

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.K.G. 190), and the loudspeaker (41- inch Goodmans). The microphones 

were supported on a flexible stand and were made slightly more 

directional by placing them in black foam tube thus reducing the 

acoustic coupling with the loudspeaker, which was placed on top of the 

television monitors  (see figure 4.7). These black foam- tubes also 

made the microphones less noticeable on the video screen. 	(Note, 

the black foam tubes were removed while tie photograph in figure 4.7 

was being taken, so that the microphone would show up against the 

dark background.) 
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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 purpose of increasing 

the contrast of the image for the television cameras). The gain in 

the audio channel was provided by a normal stereo amplifier (Leak 
7n1  

There is a standard method of measuring the loss in a speech 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.O.S.F.E.R.). This system will produce 

the same impression of loudness, when a listener hears speech over it, 

as over the test speech path. This measurement system consists of 

a microphone, earphone and associated amplification with well defined 

characteristics. A similar standard method for defining the loss of 

loudsl?eaking telephone systems has yet to be established. 

Because of the lack of a standard method and also the lack of 

standard equipment for measuring the loss of the.audi.o system used, 

an arbitrary method had to be devised. Any method chosen should 

measure 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 (Goodman's Maxi) enclosed in rubber 

foam. A hole in the front of the foam. was made to be approximately 

the same size as an open mouth. This source was placed in a position 

that a typical sneaker would take, relative to the terminal equipment. 

At the other terminal a simulated body was placed :In a position that 

a listener would normally adopt, i.e. about two feet from the loudspeaker 
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and one foot from the loudspeaking telephone microphone. The 

distance of the Papacitor microphones from the simulated mouth and 

ear -is shown in figure 4.10. Earlier calibration of the capacitor 
microphones (B K type 4134) and their associated amplifiers 

(B & K type 26051 showed that the levels measured with they agreed • 

to within ± db over the frequency range of interest. The measured 

frequency attenuation characteristic is shown in figure 4.11. 

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

telephone channels i.e. 300Hz to 3400Hz (C.C.I.T.T., 1968). 	GLEISS 
(1968) has shown that a 100Hz band at the lower end appears to contribute 
as much to the naturalness of transmitted speech as does a band 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 encountered in normal telephone channels, but, no doubt, normal 
telephone channels will improve in the future. 

4.2.3 Noise  

There are sE2veral different ways in which the speech path between 

the speaker and the listener may be degraded. Typically in telephone 

systems, there will be loss, echo, added noise, non-linear distortion, 

long propagation .Lelays and asymmetry in transmission. Although changes 

in any of these degradations may also change the amount that the subjects 
look at each other, for simplicity in this experiment only additive 

noise was considey.ed. 
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Figure/1.11 Frequency - Loss characteristic of the audio communication 

system, and the spectrum of the masking noise. 

( noise level = 0.65- dynes / cm2  ) 
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Noise from a white-noise generator (General Radio type 1390-B) 

was first filtered by a simple low pass R.O. filter (cut-off frequency 

5000 Hz). The filtered noise cans added to the Tadie system between 

the stereo pre-amplifier and the power amplifier (see figure 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 the 

speech levels. 

With the noise level, at 0.1 volts RMS across the loudspeaker, 

the level and spectrum of the noise at the listener's ear was measured 

(these are shown in figure 4.11). The noise level was measured with 

a -rinch capadtor microphones  placed 5cm from 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 4  dynes per sq. cm.). At this level of noise 

the peak speech to noise level was typically - 6dB, The spectrum was 

measured by examining the output of the microphone amplifier with a 

spectrum analyser (Tektronix type 315). 
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4.3 The Laboratory Video  System 

A complete video _system  had to be built wnich would fulfil the 
following requirements:- 

1) Tt must be able to record the video imager4 of both  tsse parLicipants 

in the video telephone experiments. 

2) It must be able to process the video signals in various ways for 

any perceptual experiments, e.g. adjustable blanking, and the 

addition of noise. 

3) It must allow the rapid 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 aspects of 

the system. 

4.3.1 Video f:ynchronising System  

As the horizontal edge detection circuit described in section 3.7 
used a fixed video delv line (64 usec delay), the line frequency had 
to be very stable. The noise-stripping circuit, described in the same 

section, required clock pulses at a rate which was at some integral 

multiple of the line frequency. These two requirements were met by 

building a quartz crystal clock pulse generator, followed by a binary 

divider, (see 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 

maximum video frequency i.e. at the video Nyquist rate. The video 

bandwidth normally used for 625 line systems is 5.5 MHz, however, for 

simplicity, a video bandwidth of 5.0 MHz and a clockpulse frequency of-. 

10MHz were used. 

The binary divider divided the 10 MHz clockpulse frequency 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. All these pulses were as specified by the C.C.I.R. 

standards for synchronous scanning. 

All monitors used in the experiments were modified by the author 

so that they would synchronise to separate synchronising pulses and not 

to the composite video signal. This simplified many of the video 

processing circuits, as it meant that the synchronising pulses did not 

have to be re-inserted into the video signal, if that processing circuit 

had removed them. 

A unit was also constructed which gave adjustable blanking pulses. 

These pulses c-uld be used to define any arbitary horizontal rectangle 

on the video image. An example of its use is shown in Figure 5.1, 

where a speaker's lips have been blanked out. The unit consisted of 

four adjustable monstables (see Figure 4.12). These monstables MH1, 

MH2, MV1 and MV2, respectively, determined the horizontal pobition, width, 

vertical position and height of the required rectangular area of the 

screen. 
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Figure 4.12 Schematic Diagram of Laboratory Video 

Synchronising System. 
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4.3.2 Video Control Unit 

A video control unit was constructed, which enabled the video 

signals in various parts of the system to be switched and monitored. 

The unit contained two identical sub-units which controlled the 

blanking, gain and type of image that 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 users, it was necessary to record the two different 

images from both videotelephone terminals. However, only one video-

taperecorder was available (Ampex VR 7003). Several different methods 

were tried, and the most 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 cameraiso that the position of their eyes did riot 

coincide on the recorded image. This type of image proved completely 

satisfactory for determining the direction of gaze of both the 

participants in a videotolephone conversation. 

For recording, the videotaperecorder required a composite video 

signal, so thc.t. the simple video addition circuit was followed by a 

system of reinserting the synchronising pulses into the video signal.' 

(see Figure 4.13.) 

A cimple schematic diagram of the complete terminal and recording 

equipment layout is shown in Figure 4.15. 
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Figure 4.13 Schematic Diagram of Video Control Unit. 
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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. 



subject 1. 

rni en-Them e 

pJjx  '3 

t.01- 
I 

loudspeaker 

-1( camera- 

„7---half-silvered mirror 

ivideo 

monitor 

terminal A 

video 
nroCeeq i np. 

unit 
video-
tape 
recorder 

terminal B 

subject B 

110 

Figure 4.15  Schematic Diagram of Terminal and Recording 

EcTuipment Layout. 



111 

4.3.3 Video Bandwidth 

As the system was designed for a 5e0 MHz video bandwidths  ideally 

a low-pass lima= phase filter with a cut off frequency of 5.0 MHz 

should be used after each video source i.e. the cameras. Construction 

of two such filters (design as in WEAVER, 1958) was undertaken by the 

technical staff cif Imperial College, but owing to an unfortunate 

accident, the construction was not completed before the video-telephone 

experiments took place. 

The frequency of the system from 15 kII3 to 10 MHz was measured 

using an Airmec type 201 sine wave oscillator and a Tektronix type 

545k oscilloscope, The sine wave generator was fed into the input of 

the video control unit and measured at the cathode of the 'picture tube' 

of the video monitor. As part of thpsystem was DC coupled,a small 

DC component was added Lc) the sine wave to ensure that no clipping of 

the waveform took place. The results (Figure 4.16) indicateathat the 

voltage gain was constant from 30 kHz to 300 kHz and then fell gradually 

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

By using a standard resolution chart (Marconi Resolution Chart 

No. 1) which, was fixed in front of 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 MHz. 
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Unit 8.ud tho cathode of the C~R~T., in the video 

moni tor.) 
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4,4 Data Processing Annaratus 

A schematic diagram of the epparatun used for processing the 

experimental data is shown in Figure 4.17. In the author's experiments 

it was used in the following manner- Each conversation in the video-

telephone experiment was recorded on to video tape. These recordings 

were later played to groups of observers, each observing one particular 

aspect of one of the subject's behaviour during the conversation. 

Each observer had a button which he would press when the particular 

behaviour that he was looking for occurred. Each observer's button 

was connected to one track of a paper tape punch unit, which consisted 

of a DM punch drive unit (type DM5021) and a Westrex, 8 track paper tape 
punch, The pnper tepn was stepped forward at a rate of 10 steps per 

second, and when the observer pressed his button;  the unit produced 

holes (10 per second) along the length of the paper tape in the track 

to which the observes' was connected. The unit could handle a maximum 

of 8 observers simultaneously. Therefore, the timing and duration of 
4 different forms of behaviour for each of two subjects could be trans-
cribed from video tape to punch tape pith a timing accuracy of 1/10 second. 

The paper tape was later read by a paper tape reader (Tally type 

464). The paper tape in the reader was stepped forward at a rate of 

10 steps per second. This rate was chosen because of the lim4.ted speed 

of the event counters which followed the reader, Each output of the 

tape reader gave out a single pulse, which lasted for the whole period 

that there were adjacent holes en the tape passing through the reader. 

The output, therefore, corresponded exactly to the original 'button 

press' of the observer connected to that track. 

Various combinations of the reader outputs were then taken to a 

logic patch--board, enabling the coincidence of various forms of behaviour 

to be analysed. For example, in the videotelephone e;Eperjment described 



114 

in Chapter 7, _'cur observers were rsed; two observing the two subjects' 

speech and the miner two, the subjnete' looking behaviour. Using the 

logic patch-board, 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:: were simply digital counters (I.D,L, scanner tyke 

1800), which coated the output pulses from an 'and' gate, 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' gate, which in turn drove an event counter and cumulative 

timer. This su:70-unit could be used by itself when only two behaviour 

Patterns and the coincident pattern of these behaviours  wereneeded, 

e.g. the looking behaviour of two subjects and the eye contact between 

them. 

In all the author's experiments, the observer had to keep his button 

pressed for the 7:hole of the time that the particular behaviour which 

he was observing occurred. The apparatus could be used for recording 

events which haw,. no well defined duration. For example, the observer 

could press his T)utton once each time a question was asked. The 

apparatus is thr2refore very useful for recording and analysing a whole 

range of differeelt events and forms of behaviour that occur in 

conversations. 
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Chapter  

TAP Reedin. 

This chapter describes an experiment to investigate the 

usefulness of different types of video images for lip reading. 

The results are compared with those obtained by Sumby and Pollack, 
who performed a similar experiment using live speakers and not 

recorded video images. 	The chapter ends with a brief reveiw of 

the literature on bisensory perception. 
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5.1 	Purpose of Experiment  

There were two main purposes for carrying out the experiments 

described in this chapter. 	The first Vas to find out whether the 

video telephone, with different tyoes of video images, could be used 

for lip reading. It is often assumed that executives and managers of 

large corporations will be the main users of videontelephones; this 

will probably be true in the near future as this is the only group 

that could afford the expense of such a system. 	however, if the 

video_telephone proved useful for lip reading and it became much 

'cheaper', the deaf and hard of hearing would be one group that could 

benefit from it. Because there is no compulsory registration of 

deaf persons, it is difficult to estimate precisely the number of 

persons in this rather neglected group; but GREGORY (195"-) estimated 

that there were 2.2. million persons in Great Britain who were deaf 

or hard of hearing. One of the problems 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 lip reading and it is not known what 

proporticn of deaf persons are able to lip read. The little work 

that has been carried out on lip reading has concentrated on a few 

words which are difficult to lip read, and the recognition of these 

words by lip reading were compared with recognition of the same words 

by means of electronic tactile stimulators, (see for ex.emple, 

PICK TT, 1955). 

The second reason for Performing the lip reading experiment was 

to cleriry a clor-sical exneriment by SUM): and POTJACK, (1954). 

Their experiment, reported in a paper entitled 'Visual Contribution . 

to Speech Intelligibility in Noise', may be summonsed briefly as 

follows. 	At each experimental session, nix subjects were used, who 

were seated five feet from a speaker, 	Three faced the speaker, having 



a full view of him, and the other three faced away. 	Close fittinp; 

earphones were used to carry out articulation tests for various 

audio signals to noise levels, and f^r various sizes of vocabularies. 

The averaL,c difference score between the tvo groups of subjects may 

then be interpreted as the visual contribution to sneech intelligibility, 

at the particular audio signal to noise level and size of vocabulary 

under test. 

The results showed that the visual contribution was greater at 

low speech to noise ratios. However the visual contribution as 

defined by the difference-scores between auditory presentation alone 

and bisensory perception must, necessarily, be small at high speech 

to noise ratios. 	This is because there is little room for improvement 

with bisensory presentation compared witil auditory only presentation. 

However, the visual contribution, relative to its possible contribution, 

was approximately independent of the speech to noise ratio. Also, 

at low speech to noise ratios the visual contribution was greater 

when snail vocabularies were used. 

Although Sumby and Pollack showed that visual cues may be used 

to increase speech intelligibility, they did not show which visual 

cues WC= used. 	Throat and facial movelle.:Its may have been used as 

well as lip movements. 	Also, the visual cues may have been acting 

as timing cues. 	The aim of this experinent which was very similar 

to Sumby and Pollack's was to demonstrate -thc-' the main visual cue-

'°.'1.8 in fact lip reading, and that cartoon Mages may be sufficient 

for lip reading. 



119 

5.2. 	Lin Readinr,: Exnerimcit 

r  .2.1 	Use of Vidco-tane recorJer 

With the introduction of video-tape recorders, experiments 

similar to that of Sumby and Pollack could be repeated with greater 

nrecibion and flexibility. The improved precision comes from the 

ability to re-rocord parts of the tests several times until a satis- 

factory speech level is achieved. 	It is therefore possible to produce 

a repeatable sneech signal combined with a visual image, which remains 

unchanging with time or number of replays; an impossible task for a 

live speaker. 	Secondly, in live tests, as subjects have to sit near 

enough to see the speaker, there are dangers of airect air transmissions, 

due to ill-fitting earphones, giving rise to erroneous speech to noise 

ratios. This nrOblem is completely overcome by using a video-tape 

recorder. 

It has been shown by IZOSEi;THAL (1963) that much of the transmiSsion 

of ex9erimenter bias is carried out by unintentional non-verbal cues. 

To help alleviate this problem, Rosenthal 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 imnroved 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 parts of the 

face. 	Also, as a live speaker is not needed for each test, the 

whole planning and performance of exneriments is greatly simplified. 
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Another advantage is that it is possible to perform the 

experiments with many subjects at each session. 	The number of 

subjects is only limited by the number of video monitors and loud-

speakers available. 

A disadvantage of recorded 	is that video-tape recorders 

are not easily stopped and started, so that the test words have to 

come at 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 thentot be ready for the next word. 	If the 

interval is too long the subjects's attention may wander and th)test 

would become uncomfortably long. 	It is hecessery, therefore, to 

carry out several preliminary tests before deciding on a word repetition 

rate. 

Another disadvantage is that if one recorded word is spoken in 

such a way as to make it harder to identify and this escapes the 

exper5menter's notice, then this error is repeated throughout,Re tests. 

Ii Jive speakers are used for the tests, such errors are more likely 
to be randomly distributed throughout the whole tent series. 	Also, 

as it is not possible to change the whole order of presentation of the 

test stimulil it is necessary to record long series of test stimuli, so 

that any possible sequential effects may 1-,e balanced out. 

The advantages of increased flexibility and precision, plus the 

simplification of experimeri!eal organization made Possible by using a 

video-tape recorder far outweigh the disadvantages. . 
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Sumby and Pollack found that under conditions of low speech to 

noise ratio, the visual contribution (in terms of difference score) is 

decreased as the size of the test vocabulary is increased. 	Thus, by 

choosing a relatively small vocabulary, the difference between audio 

only and audio plus visual presentation will be emphasized, therefore 

making the comparison between the different types of image more precise. 

The other main advantage of using a relatively small vocabulary is that 

it simplifies the subject's search of the score sheet for any particular 

word. 

A disadvantage of using :mall vocabularies is that any confusion 

between two or more particular words will have greater influence on the 

overall results than it would if a large vocabulary vas used. If the 

same vocabulary is used to compare different audio processes etc., then 

confusion between particular words is not so important. 

Sumby and Pollack found little difference in their results when 

using spondees or tri-syllable words; monosyllables gave lower articulation 

scores throughout. Spondees
*
have a greater homogenous audibility than 

other typen of words (EGAN 1946) and they are, therefore, particularly 

useful for comparison tests of different types of equipment. 

The vocabulary used in the test reported consists of 16 spondees 

chosen from a widely used list (ET AN 1946). 	As the list Was American 

in origin, it was essential to remove words peculiar to their langun,re 

such as, ginckwhisat' and 'sidewalk'. 

The speech level during recording and playback was measured by means 

of a 'peak VU' meter (13 & K tyre 2409). 

* A snondee is a two syllable word with equal stress on both syllables. 
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5.2.3. 	Visual Images Used. 

Four different visual images were used and these are shown in 

Figure 5.1. 	The first, (a). was a close up of the speaker's face, such 

that the complete image of his head just fitted the monitor screen. 

The speaker was facing slightly off the centre of the camera lens and 

this image will be referred to as 'face only'. 	The second type of 

image, (b), consisted of the speaker's head and shoulders, 	Both these 

first two images were 'normal monochrome raster scanned images', as 

described in section 3.6. With the laboratory video telephone link, 

an image similar in size to the 'face only' would occur if the user sat 

close to the terminal equipment and leaped forward, whereas an image 

similar in size to the 'head and shoulders' would occur if the user sat 

well back in his chair. 

The third type of imars'e:  (c), War; a cartoon of the speaker's 

It was produced by passing the video signal used to produce the 'face 

only' image through the cartoon generator, described in section 3.7. 

The fourth image, (d), was the same as the first except that the 

lips were blanked out. The image allowed the contribution to lip reading 

of the area around and including the lips, to be determined. This was 

done by takin, the difference score between the results of the tests 

using-  the first and fourth images. 	This method was thought preferable 	to 

just using the lies as an image as a pair of lips flapping about in isolation 

on a monitor screen, is too far removed from any visual experience that 

a subje_:t is likely to have encountered, whereas" a face wi:,h just the 

lips blanked off does not look so unrealistic. 
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( a ) 
	

b ) 

Figure 5.1 Facial images used in the lip reading experiment. 

Photographs taken from the original video—tape 

recording used for the experiment. 
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„2,4. 	Procedure 

A schematic diagram of the interconnections between the various 

nieces of apparatus used in the experimeni: 	sliol,m in _Figure 5.2. 	The 

video output of the video-tape recorder (Ampex 7003) War3 fed to two 

nine-inch monitors. These monitors were the same as those used in the 

video telephone terminals, Each monitor was placed on a table approxim-

ately three feet from the subject. 

The audio signal was fed via a stepped attenuator to a mixer, where 

it was mixed with white noise from a noise generator (General Radio Type 

1390 - B). 	The noise output was adjusted so that the stepped attenuator 

setting was equal to the signal to noise ratio at the output of the mixer. 

The output of he mixer was amplified by a commercial amplifier (Leak 

Stereo 30), which, in turn, drove a high quality composite loudspeaker 

Figure 5.2 	Schematic diagram of apparatus layout. 
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(Leak Sanduich). 	This arraiement meant that two subjects could be 

used at one time. 	The Urequency racsband of the audio system Iras 

50-liz and 6200H z. 

The subjects were,given the score cheat and allowed a few minutes 

to become famiar with the wel-d•. 	AL the beginning of the recording, 

the speaker read the list of spondees twice, and gave all the instructions 

required for the test, Plus a fey examples. 

The test consisted of sixteen blocks of sixteen spondees. 	In the 

first eisht blocks, the choice vas 14mited to the first or last ei ght 

words on the score sheet. 	These first eight blocks were used to ensure 

that the subjects were familiar i!ith the words and their position on the 

score sheet and also to familiarize subjects with the different forms of 

visual presentation. The subjects were not informed that this was a. 

'practice session'. 	The last eight blocks used all sixteen words on 

the score sheet. 	1:s,rrich block was presented with one of the four tyres of 

visual image. 	The order of presentation of the visual images was made 

non-cyclic, co that carry-over effect would be reduced. 	After each block 

was Presented, taped instructions told the subjects which numbered sheet and 

which words 14ere to be used next. 

Each test word (a spondee) was prefixed by another spondee; this wa,„, 

only used as a. timing cue. 	The sPealc.er, normally looking down at this 

word list, looked up as he said the[mcond spondee. 	The subjects were 

fully instructed aboutlhic procedure. 	The pairs of snondees were presented 

at a rate of 1 pair Per 10 seconds. 

Noise was switched on only during the blocks of sixteen snondees. 

The same speech to noise ratio was used for cacti tune of the four visual 

images presented in turn;  the ratios bein7 rondo:11y chosen from 6dB steps 

over the rana.e 0 - 300.1-;. 
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A total of thirty subjects were used; drawn from university 

students or secretarial staff. 	Persons accustomed totering spee;tacles 

were asked to wear them. 

5.2.5. 	Results  

The results are presented graphically in Figure 5.3. 	Analysis of 

variance was performed on the data for the images used for lip reading 

i.e. excluding the 'clanked off lips' image. 	All the subjects achieved 

100;! correct scores for the Od-3 speech to noise ratio, so this particular 

noise level was excluded from the analysis. The analysis of variance, 

shown in table 5.1., took into account the fact that each sroiip of subjects 

was =posed to every type of video image, but not every different noise 

level. 	The form of analysis of variance to be used in such 'repeated 

measures experiment' is described in 1JINER (1962), 	As the results were 

in the form of 'percentaT.es', an X' = arcsinvr.-  f  was performed on the 

data, before carrying out the analysis of variance. 	(See E-ffiARDS 194J3). 

Although the analysis of variance showed that the type of image used 

was a significant factor, the difference between the scores for 'cartOon' 

and 'face only' visual presentation was very small. The difference 

between the two scores for different speech to noise ratios is shown in 

Figure 5.4. 	Also shown in Figure 5.4. is the difference betoeen the 

'face only' and 'blanked off lips' presentations. 	This difference score 

is equivalent to the centribution that lip reading and any movement of 

the blanked out area around the lies makes to the intelligibility of the 

snoken words. 	For the purpose of comparison, the difference score (i.e. 

the visual contribution) found by Sumhy and Pollack for a vocabulary of 

sixteen spondees;  is also shown in Figure 5.4. 	At large noise to speech 

ratios, the difference score for the present experiment was aPproyimately 

80, end this is very close to the equivalent difference score found by 

Gnmby and Pc31:Ick (enpnonimetely 70), 
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Table 5.1 Analysis of variance performed on the data from 

the lip reading experiment. 

Factors are: N = noise level (5 different levels) 
I . type of video image (3 types) 

Between 
SS d.f. MS P significance 

level 

N 1.5784 4 03945 9.6 .40.05 

subjects within groups 1.8468 45 	, 0.0412 

Within 

I 0.3466 2 0.1733 10.6 <0.05 

NI 0.3672 8 0.0459 2.8 n.s. 

I x subjects within groups 1.4774 90 0.0164 
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Speech—to—Noise Ratio in dB. 

Figure 5.4 	Difference scores 

o----difference between face only and blanked off lips images. 

A----difference between face only and cartoon images. 

C1 -- difference score found by Sumby and Pollack. 
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IF a smaller voce-1-0)ary was 1361  tbe -ceVcentage of correct 

responses would be normally expected to be bjr-ber than that nbtnined 

with a larger vocabulary. 	However, analysis of var4ance carried out on 

all the data, including the practice scores where. acmall vocabulary was 

used, showed that the size of the vocabulary was non-significant.Jni • This 

result of lower than expected scores in the practice sessions, was probably 

due to some learning taking place, and the result may be interpreted as 

a demonstration for the need for practice sessions before the main session. 

5.2.6. 	Discussion of Results 

The results shown in Figure 5.3 and 5.4 are very similar to those 
of Sumby and Pollack, and this it may be assumed that the main visual 

contribution to speech intelligibility in their experiments was lib 

reading. 

None of the subjects, when questioned, admitted to any previous 

nractjce at lip reading and many of the subjectslere surprised at their 

ability to lip read. It is possible that persons may use lip reading 

as an aid to speech intelligibility in certain noisy or quietl solemn 

environments without being aware of it. An instance where a person does 

become aware of his perception of lip movements is when he is observing 

a film or television monitor and the sound and visual imac'e are not 

synchronized. TAYLOR et all (19rq) when studying deafness in jute weavers 

(jute factories are very noisy environments), found that the ability to 

lip read was not related to deafness. 

The neligible difference between the results using a cartoon image 

and a normal monochroe imase demonstrates homve.ey little inforoation 

need be suoplied for the snbject to be able to lip read. 
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Bisensory Percention 

In the lip reading enneriment reported in the earlier part of thin 

chanter, the subjects had to perforrt a bisensory nerception task, whereby 

information about which word the subjects had to identify was transmitted 

visually, by means or lin reading, as well as aurally: 

Althour-h th study of bisersory Perception was not the motivation 

for that particular experiment, such an e::perinent is ideally suited for 

studying bisenoory rerception. 

5.3.1. 	Accessory Stimulation 

The study of bisensory perception may be split into two distinct 

categories. 	The first, normally referred to as accessory stimulation, 

is concerned with the perception of a stimulus via one sensory modality, 

whereas other, u?ually unrelated stimuli, are applied to another modality, 

Many exam-cies of accessory stimulation are quoted in a review of the 

subject by LOVELEZS et al (1970). 	A typical example is that, when lirtinp. 

different weights, subjects judged them as lighter if the lifting was 

accompanied by an audio tone. 	In another example, ITET,SHENSON (1962) 

has shown that tb,. average rf-:!c:,ion time to audio plus visual stimulation 

was less than for either singularly. 

Much of the variation in the reported effects of accessory stimulation 

are possibly due to the wide range of primary Perceion tasks considered, 

For example, TRET.OMAi: & Haql-RTH (1959) studied how the threshold for 

detecting changes in the intensity of an audio tone was affected by the 

ti:qing of a visu;,,.1 warning signal.. 	An exceriment in which the main 

perceptual task 	much more complex;  was performed by CARMICHtd et al-. 

(192), who shov,i:i heir the verbal label Given to an arbitary line drawing 
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affected the subject's ability to accurately reproduce the line 

drawing. 

One important field of study concerned with accessory stimulation 

is that which deals with the problem of noise and efficiency of working. 

No simple relationship has been found between noise and efficiency, as 

the effects of noise are very dependent on the particular task being 

performed. 	(HOCKEY 19i,9). 

r 7 	Combined Ifl.s.tel and Audio Perception 

The second category of bisenoory perception concerns the situation 

where both modalities convey relevant information. 	In particular, this 

section will deal with simultaneous stimul.,:4-ion of the audio and visual 

senses. 

nen a stimulus is difficult to perceive, the question arises as to 

whether its identification is based on a combination of evidence from 

both modalities, or from one only. 	As many experiments have shown that the 

probablity of correctly identifying a stimulus is greater if both the 

ear and eye are used, compared with using either one sinoularly, it must 

be assumed that some form of combination of information from the two 

sensory modalities tal;:es place. 	These results stimulated.farner 

experiments, which tried to elucidate which of the many models pronosed 

for describing the combination of e'idence was more accurate. 

The hypothesis tht has aroused most interest is that of sensory 

indeuendence, name7y that the eye and the ear act as independent observers 

of the stimulus and do not exchange information before coming to their 
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own decisions. 	If these t'ro decisions are in conflict, the observers 

most choose one or the other. 

POT,LACK (1. ---4) performed an exneriment to test this hypothesis of 

independence, 	The audio stimulus comprised monosyllabic words recorded 

at five different speech to noise ratios and played back via ear-phones. 

The visual stimulus consisted of the same words Printed on a moving belt 

which moved at five different speeds. 	Subjects had to identify the words 

when the stimuli were presented visually only, auditory only, or both 

simultaneously. 	The particular model tested is represented by the 

equation (1) below:- 

P 	= P 	P - P .P ) VA 	V 	V 'A 

where p
VA . the proportion of words correctly identified with 

auditory plus visual presentation. 

V 	
the proportion of words correctly identified with 

visual only presentation. 

PA 
= the Proporion of words correctly identified with 

rr..:iitory only presentation. 

The results for bisensory perception obtained from the experiment 

were slightly hir:her than that predicted by equation (1), but this small 

difference could easily be accounted for by small experiment errors. 

	

The model used, S: 'hi 	?Aire rise to equation (1), is that whenever 
the independent (7iecisions tak.eil by the eye and ear are in conflict, the 
observer chooses the corr?et one, 	This, of course, avoids the question 

of how the obsercrer knos which of toe two conflicting decisions are 
correct. 	Thin -oarticular model has aLso been used where two difforenct 

sources of infov-latiou ...:out a com,,;on stima3us are enllied to one sensory 
modality. 	For 	T61= et al (19E,5) used it to accountfor the 
results o  an e-,:o,eriment where he nreoented words in a tachistoscope, anon 

sbowin2; the subjnts the copteyt in wHch the word may be used. 
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nARNER and NO TON (19(;9) have carried out a logical analysis of the 

nroblems involved in experiments to investigate perceptual independence. 

They concluded that when correlated stimulus inputs are used, it is almost 

impossible to decide between the many different models used. 

Another method of studying bisensory perception is to use shadowing*  

(Irocalization-at-presentation). 	This method was used by DOTNBUSH (198), 

who presented subjects with visual or auditory stimuli consisting of 

r"mbcro and letters. 	The subjects had to shadow the visual or auditory 

stimuli and afterwards to recall both of them. 	Dornbush demonstrated 

that equal division•of attention between the auditory and visual modality 

was not possible. 

Four different criteria that the observer may use for deciding which 

or the decisions is correct when t}e independent modalities come to 

conflicting decisions, have been investigated by CORCORAN and WEENING (19(;9). 

TI,e most successful model that they proposed assumed that the two sensors 

accompanied their discrete decisions with a confidence measure. 

CORCORAN and WEENING (1969), in their experiments, used a modulated 

Lone masked with noise as the stimulus that had to be identified. 	This 

rm,ulated tone was presented visually by means of an oscilloscope and 

aurally via earphones. 	As the identification of tones masked by noise 

using an oscilloscope is not an every day task; the subjects had to under-
tTlke long training sessions, until they reached n satisfactory level of 

performance. 

If, however, lip reading was used as theorij.nal stimulus, this 

specific problem of long training sessions would be eliminated, as the 

results of the experiment described in thpearlier part of this chapter 

indicated that subjects were already proficient at lip reading. 	Also, 

all the necessary equipment for an investigation into bisensory perception, 

* Shadowing is the repeating out loud of items on one channel 
immediately as they occur. 
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using lip reading as the visual stimulus, already exists. 	For these 

,'(--sors the nut'elnr sn-rrp, 	resnrcli on hir;ens017 pe,,cepk- 

ion nay be accomplised usin the equipment described and at MiLLle cost, 

If such on experiment was Performed, it would not be necessary to 

use such extensive speech to noise ratios, or as many types of visual imp e, 

as the author did, in his experiment. 	By usinr- a more eareCul ana)ysis 

of the subject's responses, including their incorrect responses, detection 

theory may then be usefully applied in interpreUing the results. 	Caution 

must be maintained when comparing the results of such an experiment with 

those of other experiments, where synthetic material was used as stimuli 

and where detection and not identification of stimuli was the primary 

task. 
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Identification and Apparent Proximity of a Video Image  

This chapter describes two experiments, both of which were concerned 

with the perception of a facial image u2nearing 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 the recognition of 

a person's identity. The second experiment iniestigated the apparent 

proximity of a facial -image on a video screen. 

16 
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6.1. 	Vi &11,,11 Tillitific,,,tion of a Perso,1 

6.1.1. -Recop7nition of c videoteleherie caller 

When a person is called on n telephone, he will usually answer it 

by stating either his name, his telephone number, the name of the organiz- 

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 (SCHEGLOFF, 19E,7). 

If the videotelephone becomes widely used, there may evolve a set of 

opening rituals parti^ular to its use. Some of the openings used in 

normal telephone conversation will someaimes be redundant when using the 

videotelephone, as the caller will recognize the person who answers his 

call. The caller may recognize the identity of an individual, or he may 

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

The advantages of a videotelephone over a normal telephone for the 

recognition of a person's identity will, in most conversation, be most 

important in the first few seconds of the conversation, However, 

because of this advantage, the videotelephone may be used for purposes 

hitherto unconceived. For example, the police may be able to hold 

'distant identity parades'. 

As thefecognition of a face is the recognition of a very complex 

form, the following section briefly reviews the literature of the 

perception of form. This is followed by a description of an exploratory 

experiment carried out to investigate the usefulness of different types 

of video image for• the visual recognition of facial images. 
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6.1.2. 	Detection or Discrimination  

Both the experiments described in this chapter investigate some 

aspects of the perception of facial images displayed on a video monitor. 

Generally, perception can be defined as follpws: an organism has 

perceived a stimulus if the behaviour of the organism can be related to 

some aspect of the applied stimulus (DEMBER 1963). However, of course, 

perception can occur at different 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 another. Because the eerimental method is in some 

ways similar to that used by MARSH (1967) for investigating the relative 

threshold of detection for simple shapes, it would be useful at this stage 

to clarify the difference between detection and discrimination. This may 

be done by considering a simple example. kssume a light is lit 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 performing the process of 

detection. 	If, however, the subject is ased to say what colour the light 

was, or what shape it was, he would then be 'making a choice between alter-

native stimuli. Since he would Presumably need to detect the presence of 

the image in order to make a decision abort its colour or shape, the 

process of detection would necessarily be essential to the more complicated 

perceptions of discrim4.nation (DT,IMBER 1963).. 

Further evidence of the distinction between different levels of 

perception arises from the studies of the neuro-physiological structures 

in the visual system of a cat (HITT,"71. and WT =,T., 1969). 	These nj:11r344-,:7 

indicated that the analysis of a retinal im&ge occurs initially on a 

starre-by-star-e hPsis, as the neural signals 13enet,.ate from one layer of 

cells in the cortex to another. 
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6.1.3. 
	Visual Form Discrimination 

The discrimination of one visual form from another is a task that 

most people perform many times each day. However, there has been very 

little work done on the perception of visual form. A reason for this 

was given by ARNOULT (1957), who wrote, "the greatest single barrier 

to the development of systematic knowledge about form perception is the 

difficulty involved in describing the stimulus". Only a small number 

of forms have names which are universallyagreed upon; these are the 

simple geometric shapes like thatriangle, circle and square etc.. With 

some forms, 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 people may agree that a particular 

simple line drawing is shaped like a car, but there are very many diffelent 

line drawings that could be labelled 'cart. 

One of the few experiments carried out on visual form nercention 

was performed by BOYNTON (1957). He presented subjects with shapes 

masked by random shapes at various contrast ratios. The subjects had 

to identify the particular class, from the six possible classes that were 

presented. The six classes were: crosses, triangles, euadrangles, 

pentagons, Y shapes and nothingons, which Were arbitrary jagged shapes. 

BUTLER (194) presented pairs of shapes tachistlscopically to subjects, 

who had to press one of two keys, depending on whether the shapes were 

similar or different. The average reaction time was taken as the measure 

of difficul'cy in discriminating the shapes. Of the shapes used, it was 

found that the easiest to discriminate was a circle from a triangle, and 

the hardest, a triangle from a diamond. 
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Other experimenters have investigated how much a form has to be 

distorted before it is no C recognised as that particular form. 

Typical of such experiments was that carried out by VENNER (1948), who 

investigated how much the width or height of a square could be altered 

before it was perceived as a rectangle. A similar experiment, but 

using more complex forms, was performeA. by VON DE GEER and LEVELT (193). 

In their experiment, the form was generated by the movement of a spot 

of light. 

In the experiments described in this chapter, the stimulus form is 

a facial image. Experiments could be performed to investigate the 

discrimination of facial images from other geometric forms, and this may 

give an insight into what features of a face are important for it to be 

recognised as a face. However, when receiving a call on a videotelephone, 

a person will usually be concerned with whose facial image appears on the 

screen, and not whether it is a face. A research programme has been 

started by GARNEAU (----) on what are the more important features of a 

face that are needed for identification. 

There are several different ways of cater.orizing facial images. 

One approach could relate to the person's role or status, i.e, old man 

or child; another way could depend on thei)hysical 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 

exForiment 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 reeordinE7s of the facial image of the nersnn nrp 

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

idcally be presented to each subject once only, as on _further presentations 
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the subject may recognize that particular recording because of some 

aspent which is irdependent-  of the facial image, i.e. a scratch on a 

photograph or some detail in the background. This problem may be 

partially eliminated by allowing a long period between each presentation 

of the same image to each subject. 

The following sections describe an exuloratory experiment carried 

out to investigate the relative utility of different types of video image 

for the recognition of a nerson's identity. 

6.1.4. Facial Images used for the Exneriment  

Photographs were taken of thaentire staff and students belonging 

to the Communica,,ions and Electronics 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 system. 

From the whole range of photographs, eight were chosen (3 staff, 5 students), 

and of the eight, 3 wore spectacles, 2 had  beards, 1 was bald, 1 wore 

a moustache and 1 was a negro. By choosing more than one -Person who 

wore a beard and more than one person who wore spectacles, this eliminated 

the possibility that these rather prominent features alone would be used 

for recormizing the person. 

Twenty subjects were used for the identification task. 	All were 

students belonging to the Section and had known the persons whom they 

had to identify for at least 9 months. 



142 

6.1.5. 	Types of Video Sip;nal Used 

The source of the video images used was a plumbicon camera 

(Philips LDH0150) with a slide holder attachment. The eight photo-

graphs used were in the form of positive transparencies. 

Four different types of video image were used. Three were various 

forms of 'cartoon' images and the fourth, a normal monochrome video image 

but masked with noise. An example of apch of the four different images 

is shown in Figure 6.1. The first type of cartoon 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 cartoon image was produced 

by using a circuit that could detect horizontal and near horizontal edges 

(as shown in Figure 3.11). The third type of cartoon image was produced 

by adding the first two together and also using a noise stripping circuit. 

This was the type of cartoon used in all the videotelephone experiments 

and a complete description of thmethod of generation of such an image 

may be found in Section 3.7. 

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

3.6). However, if this type of image had been used for this experiment 
rmal (concerning theidentification of facial images) at then/signal to noise 

ratio then the subjects would have obtained 10(Z correct identifications. 

Because of this the signal was masked with noise at various signal to 

noise ratios. 

The noise source was a General Radio, 1390B, noiz;e generator. 

The noise from the generator was specified to be of Gaussian amplitude 

distribution and to have a flat frequency spectrum to an upper bandwidth 

of 5 MHz. 	A simple check was carried out on the specifientons. The 

amplitude ditriblItion 	ch'cked by using a 2uan-Tech Level Analyser, 

which unfortunately only has a useful bandwidth of 1 MHz. 



Figure 6.1 
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Examples of the four types of video image 

used in the facial recognition eA~eriments. 
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The percentage of time in a fixed period that the noise signal 

amplitude exceeded adven level as plotted against that level is shown 

in Figure 6.2. The abscissa is scaled in units corresponding to a 

cumulative normal probability di ribution.  As the graph in Figure 6.2 

is not a straight line. the amplitude distribution of the noise was not 

truly Gaussian. As no suitable commercial frequency analyser was 

readily available, the frequency spectrum of the noise was tested by the 

method employed by PE ARSON (19,5). 	This method used. the property that 

the noise power, and hence the square of the R.M.S. voltage, is proport-

ional to the noise bardwidth. The noise bandwidth was varied by using 

a number of Butterworth IT section, IC lowpass filters (GElii,m, 1962) and 
the r.m.s. voltage was mesured with a Ballantyne 320A valve volt meter. 

The results are plotted in Figure 6.3. The graph shows a slight prepond-

erance of energy in the upper frequencies. 

For the experiment, the noise was kept constant at. 0.16 volts r,m.s. 

and the video signal attentuated by a wideband otepned attentuator. The 

signal to noise ratio was defined as the ratio of the peak signal voltage 

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

The video monitors used were the same as were used throughout all  

the experiments. 

6.1.6 	Test Procedure 

The subjects were H'on n li ai. of 	tbot thcr: 

would have to identify. They were asked to state the name of the person 

as soon as .uhey could identify him on the monitor screen. 

In the first session, only the three typed of cartoon ima e were used. 

The total of 24 cliffP-P,t imp.-es were -or•-sented to the v:lb:ieets. 	a 

random order. 	As soon as the subject had identifif:d the person whose 
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percentage of' time voltage level exceeded 

Figure 6.2 Noise Amplitude Distribution. 
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facial image was shown, then the next image was presented. 	If, however, 

after 3 seconds the correct identification had still not been made, then 

a new image was presented. The experimentor made no response to any 

correct or incorrect identifications made by the subjects. 

The second session occurred 2 wee ::s later, by which time it was hoped 

that the subjects would have forgotten any peculiar non-facial aspects 

of the' individual slides. 	In this session, the subjects were presented 

with a monochrome in e, masked with noise. The signal to noise ratio 

was increased in 1 or 2 db steps every 3 seconds, until the subject 

identified the facial image. Each of the 8 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 presented at all. This procedure was adopted so that the subjects 

could not work out, by a process of elimination, which image was likely 

to be shown next. Only the results of the first presentation of each 

facial image were recorded. 

6.1.7. 	Results  

Figure 6.4 shows the relative frequency of correctly identifying the 

8 different facial images, by using the monochrome image with various 

signal to noise ratios-. 	In plotting the graph shown, it is assumed that, 

if a subject can identify a facial image at one particular siahal to noise 

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

ratios, 

The results of using the three different tyres of cartoon image are 

shown in Table 6.1. 	Each entry in the bottom row of the table (i.e. 

equivalent monochrome image signal to noise ratio),was obtained by firs 

finding for each individual facial imge tile signal to 'noise ratio of 

the c.onechrome image wh.::ch gave the same relative freauency of correct 
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Figure 6.4 The results of the experiment to measure the 

probability of correctly identifying a facial 

image masked with noise, at different signal to 

noise ratios. (Monochrome video image used). 
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Table 6.1  The results of the experiment on the recognition of 
facial images using different forms of video cartoons. 

(Eight different facial images were used; twenty 

observations of each face were used for each type of 

cartoon.) 

type of cartoon image 

simple 
edge 
detector 

horizontal 
edge 
detector 

complete 
cartoon 

Probability of correct 
identification 	( P ) 0.58 0.85 0.98 

standard deviation 
of P 0.21 0.15 0.05 

Equivalent monochrome 
image signal to noise 
ratio. 	( dB ) 

-6.6 -3.4 —1.2 
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identification; and then taking the average over the 8 different 

facial images. 	In some instances, the relative frequency of correct 

identification using one of the cartoon images was 1.0. 	In 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 monochrome image was at least equal to this average 

and possibly greater. 

6.1.8. 	Discussion of Results 

The high probability of correctly identifying a facial image when 

a cartoon type of image is used demonstrates how little information is 

required for such identification. In particular, when the complete 

cartoon generato,_ was used, out of the total 160 visual presentations 

(8 facial images x 20 subjects) 157 were correctly identified. 	The 

experiment also showed that for identification purposes the complete 

cartoon image was as good, and possibly better, than a normal monochrome 

video imarre with a sirmal to noise ratio of —1.2. dB. 

For 7 of the 8 different facial images, the probability of correct 
identification when using the horizontal and near horizontal edge 

detector (PR), was higher than the probability obtained when using a 

simple edge detector (Ps). The average of the ratio (PH/Ps) for all 

8 facial images was 2.26 (standard deviation = 2.55). 	This significant 

difference (p = .024 by the Wilcoxan Signed Rank test) demonstrates that 

many of the important features of the face are horizontal, or near•- 

horizontal. 	This result may have been expected as the mouth, eyebrows 

and Pyes fnll into t rii_c cnt.:017. 	The res,.!lt also. just4fies using thc 

more comple cartoon generator for th_ videotelephone experiments. 
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As some faces might be expected to be much more recognizable than 

others, there may exist a correlation between the 5O/ threshold level 

for recofnizing the monochrome facial images masked by noise, and the 

probability of recognizing the same feces w;_i_en using some form of cartoon 

image. No such correlation existed for the faces used in the present 

experiment, but, as tests of significance for correlation coefficients 

are very insensitive with small sample sizes, it would be extremely 

unlikely that any significant rorrelatinn could be shown, using only 

eight different faces. 

A criticism that may be made of the ex7leriment is that eight different 

facial images is far too small a sample for them to be a typical sample 

and hence the results have little generalit17. 	It is because of this 

possibility that the experiment may only be thought of as exploratory. 

There are very many problems that arise when attempting a similar exner-

iment with a larger sample of facial images5  the main one being that of 

defining the relationship between the persons whose faces are used, ani 

the subjects who have to perform the recognition task. 

Although the experiment shoved that a cartoon image is sufficient 

for identifying a person, what is not known is how good such an image is 

for identifying facial expressions. The main problem of performing an 

experiment to answer this question is that of accurately defining a 

facial expression (see Section 2.4). 	If such an experiment were performed 

using many types e' image besides cartoon ir.laces, valuable data might be 

obtained whit h would help in the design of rideotelephone systems. 
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6.2 The Opnarent proximity of a video facial image 

6.2.1. 	The perception of distance  

The proximity or apparent proximity between two nersons is very 

important during conversations. 	An expression that is sometimes used 

to proclaim the merits of new types of communication equipment is that 

'it brings people closer together'. 	The proximity and relative orientat- 

-ion chosen by the participants of a -1*.ce-to-face conversation will depend 

on the meeting place and the type of conversation (see Section 2.6). 

However, with a videotelephone conversation, the Participants have little 

control over their apparent proximity and rela4-ive orientation. When 

two persons are engaged in a face-to-face conversation, the distance 

between them will influence some aspects of their behaviour. In a 

videotelenhone conversation, the apparent proximity may similarly influence 

certain asoects of the participants behaviour. For example, ARGYLE 

and DEAN (1965) sho-:ed that, in face-to-face conversations, the amount 

of eye contact increased as the separation bett:een the participants 

increased. 	Therefore, we might expect that in a videotelephone conver- 

sation, using terminal equipment for which the size of the monitor screen 

combined with the viewing distance make the other participant seem far 

away, more eye contact would occur than with terminal equipment that 

makes the other participant appear nearer. 	This, of course, assumes 

that certain aspects of human interaction behaviour will be similar to 

both face-to-face and videotelephone conversations. 

So that the data obtained from the videotelephono. experiments 

(particularly on eye contact) may be correctly interpreted, it is 

necessary to determine how far away from each other the narticipants 

thought they were. 	Later in this section. an experiment will be describ- 

ed which was carried out to determine this eonarent proyimity, but first, 

there is a brief review of the possible cues used for the perceition of 

distance. 
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There are different visual cues that may be used for the 

perception of proximity in face-to-face conversations. 	The monocular 

cues are as follows: 

1) Relative Size; the perception of distance of an object will 

depend on the size of the retinal image produced by the object, and 

how this compares with pest experience of that object. 

?) Interposition; an object that overlaps another is assumed to be 

nearer. 

3) Linear Perspective; parallel lines or edges are seen toconverse 

at a distance. 

4) Monocular Movement Parallax;. when an observer moves his heed, 

near objects move relative to fax objects. 

5) Accommodation; when the eye is focussed on a 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. 

7) Light and Shade; the perception of distance is often affected by 

lighting conditions, but this effect, along with aerial perspective, 

has not as yet been specified in quantitive terms. 

There are cues which will depend on the observer having two eyes 

and these binocular cues are: 

1) Convergence; the lines of fixation from the two eyes have to 

converge on the object viewed. 	This cue is derived from the muscles 

which control the movement of the eyes, but it is not an important cue 

if the object is more then a few yards away. 

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

retinal imate in each ere. 

The list; of cues above Was taken from an e:tensive review of visual 

space nerception by GRIiHAM (19E5). 	A fT-eet deal of research] lies been 
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done on each of these cued -•nd alsc) on combination of cues, particularly 

where they present conflicting evidence. 

In a normal face-to-face conversation, a combination of some or 

all of the cues listed may be used by a person for esti mating the 

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

these cues will not be available or may be distorted. 	is a small screen, 

and hence a small facial image, is likely to be used, the retinal image 

produced by such a facial image will be the same size as a retinal image 

produced by a 'live' face at a greater distance than the monitor screen, 

However, many of the other visual cues such as binocular convergence, 

stereoscopic vision, accommodation and interposition will indicate that 

the facial image is at the same distance as the monitor screen. 	Which 

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. 

Another fac4- or that may influence videotelephone users' - uerception 

of proximity of the other user, is the knoi.aedge that they may be 

physically separated by very many miles. 

There are, of course, audio cues as well. 	Hence, if the output 

volume of the loudspeaking telephone is low, the subject will seem to 

be far off. This may be an important factor;  but it is difficult to 

quantify. 	For this reason, the experiment described in the following 

section was limited to the perception of proximity usinr,  visual cues 

only. 
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6.2.2. 	ExPerimental !311noratus and P-r-ocel7ure 

A positive transoarency was produced of a person (A. W.) who war_, 

familiar to all the subjects who participated in the experiment. 	The 

format of the transparency was the same as that encountered in the 

videotelephone experiment (see Figure 3.7 for example of format). 

This facial it age was displayed on a monitor (the same as that used Cor 

all other experiments) by means of a plumb icon camera plus a slide 
holder. 	The size of the facial image nn -the  monitor screen was 2.6. 

times smaller than A.W.'s actual face. 	Ibring the experiment, the 

subjects were seated at a distance of 33 inches from the monitor screen. 

This meant that the size of the subject's retinal image produced by 

A.13.'s facial image on the monitor screen, would be the same as that 

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

The video monitor was placed at the end of a tunnel, 11 inches 

deep, 9 inches high and 8 inches wide. This was done because in the 

videotelephone experiment, the video monitor at each terminal was .olace^ 

in a similar tunnel (see section 4.1.7). 

A large model of the front of the monitor and tunnel was constructed, 

and the dimensions were arranged to be 2.5_times the actual size, 	This 

meant that when it was viewed from a distance of 100 inches away, it would 

form the same size retinal image as the actual monitor and tunnel, 

viewed from a distance of 38 inches. The whole model was arranged so 

that A.J. could carry it in such F fashion that, when viewed from the 

front, his facial image would have the same format as did his recorded 

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

bottom of the model, in order to obscul.e 	feet. 
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2nonitor 

direction of A.W.'s movement 

Figure 6.5 Schematic diagram showing the relative positions of 

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

experiment to deterydne the apparent proximity of 

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

Table 6.2 The apparent proximity of a facial image on the monitor 

screen. The first and second column headings refer to 

the direction of movement of A.W. during the experiment. 

'- ..,.......if  
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For the experiment, one subject at a time was seated facing the 

video monitor and at a distance of 38 inches aray. 	Each subject was 

given the following instructions: "A.W. is going to walk towards 

you very slowly. When he seems to be at the same distance away as he 

appears on the video monitor, say NOW". 	then started walking 

slowly towards the subject, from an initial distance of 50 feet. The 

line of approach was 900  away from the subject's line of regard for 

the video monitor (see Figure 5.5); this meant that the subject had to 

turn his head in order to get a clear view of A.W. When the subject 

uttered "NOW'';  a note was taken of the distance between the subject 

and A.W., but A.W. 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 was then repeated with A.W. walking slowly backwards. 

6.2.3 Results 

Twenty-one subjects were used. One subject made use of his thumb 

held out at arms length, in a manner similar to a landscape artist, in 

order to judge the relative sizes of the monitor image and that of A.W. 

Because of this, his result was excluded from the analysis below; 

however, it is interesting to note that this subject guaged the apparent 

nroximity of the facial image on the monitor screen to be much nearer 

than any other subject. 	(Nis estimate of 103 inches was very similar 

to one that would occur if only the relative sizes of retinal imar,e 

were used to judge proximlty.) 
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The size of the retinal image formed When A.W. was at different 

distances from the subject WAS proportioqal to the tangent of the 

distance and hence approximately proportional to the reciprocal of 

the distance. For this reason, when calculating the average distance 

etc., the reciprocal of each subject's estimation of the distance was 

used. 	By doing this, a more conservative figure was obtained for the 

avera7e equivalent distance. 

The results are summarized in Tab2r. 6.2. 	For each subject, the 

ratio of his two estimates was calculated, ire. estimated distance when 

being approached 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 produce a larger 

retinal imarre than that produced by a 'live' face, to appear at the 

same proximity as the 	face, 	One possible reason for this is 

that as the monitor screen can be seen to be small compared to its 

surroundings then images produced on it tend to look smaller than the 

natural sizes of the objects depicted (see VERNON, 1953). 	Other factors, 

which possibly affect the perception of apparent proximity are viewing 

distance, screen size, as well as the very limited nature of the raster 

scanned , 0110e1;rume images. 
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Consider the possible implications of these results. 	First, 

the apparent nroyimity of qpnroximately 200 inches is much greater 

than the 'comfortable distance for conversation', 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-fe.ce conversations. 

Examination of the third column of Table 6.2 shows that there wan 

a significant difference between the results obtained when A.W. was 

approaching the subjects and when A.W. was Tacking away from them. 

Because, in this experiment, A.W. always moved towards the subject 

before backing away, it is not possible to state whether the significauct 

difference was due to the direction of movement or the order in which 

these movements occurred, i.e. there may have been carry over effects. 

Any possible carry over effects could have been eliminated, if the 

order in which the direction of movement was carried out was alternated 

with each new subject. 	With such a procedure, some difficulties will 

arise, particularly at the beginning of each session when A.W. starts .  

close to the subject. 	As the author's experiment was only to obtain 

an estimate of the apparent proximity, the simple procedure was adequate 

for this. 

It would be interesting to repeat the experiment but using a range 

of monitor si7es 	viewing distances, in order to find which 

combinations gave an apparent oroxiity anproximating 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 used, and that subjects only observed the image and did not interact 

with it. 	A more realistic esiAmate of prox-imity may be obtained by 

performing measurements on the forms of non--;erbal behaviour that are 

known to be dependent on proximity, i.e. eye contact. 
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With a videotelephone link where the distance between the user 

and the camera is less than the app9rent distance of the 4-acial image 

on the screen, any forl,'ard or backward movement of the user will 

produce a distorted imnression of mo,remen to the other person. 	For 

example, with the laboratory terminal equipment, if the subject3leaned 

forward, their faces would tynically be 31 inches away from the camera, 

whereas, if they leaned backwards 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 monitor screen by a factor of 

1.7. 	As the facial image typically appeared about 200 inches away, 

the movement of 21 inches by the subject produced an innression of a much 

greater movement.-  The-  only way that this problem may be overcome 

is to place the camera at the same distance from the user as the amarent 

distance to the facial image. Unfortunately, because of the lack of 

space, this solution was not possible in the laboratory experiments. 

However, this is a factor that could be considered by designers of 

commercial equipment. 
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Chapter 7  

The Looking and Speech Behaviour of a Videotelephone User. 

This chapter describes three experiments performed to 

investigate the looking and speech behaviour of a video telephone 

user. The firsts  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 second, a main ekperiment, 

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 experiment measured the looking 

behaviour of conversants with different status. 
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7.1 Introduction. 

This chapter describes three different experiments that 

were carried out to investigate some aspects of a person's 

behaviour when engaged in a conversation 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 veer 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 develop non-

verbal cues which are peculiar to videotelephone conversations. 

Although facial expressions will La used by the participant 

of a videotelephone conversation, they nave been ignored by 

the author, as no simple method has yet been devised (or is likely 

to be devised) to classify them. (See section 2.4.) 

The terminal equipment and seating 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 section 2.6) 

could be ignored. 
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The forms of non-verbal behaviour that received most attention 

in these experiments wore 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 utterance, 

he will usually look at the other to see how his utterance has been 

received. He will, therefore, obtain 'feedback' information about 

the other's reactions and will modify his future behaviour 

accordingly. Also, during the utterance the speaker will have short 

glances at the listener to see if he still has his attention as well 

as to observe his reactions. By looking at the other person at the 

end of his own utterance, a person will find out whether the other 

person has something to say or whether he, hiruself, 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 (KEUDON, 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 cue. (See section 4.1.) 

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 may look at the video monitor 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, would be 

embarrassing and may even have sexual overtones. A method that 

may be used to help decide whether or not a person does interact 

visually with the video image is described in the following 

section 7.1.1. In many videotelephone 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 engineer.; who are discussing its relative technical merits, 

or to the two users who agree to switch it off. It takes some 

of the attributes of a person if, during a conversation, one user 

is directly influenced by the direction of gaze of the video-image. 

Even if a person does not directly 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 observed by the other person. 

If a person knows that he is being observed, it will greatly influence 

his behaviour and state of mind. SARTRE (1943) describes the reactions 

of a person who discovers that he is being observed. Sartre also 

asserts that looking and being looked at are two different states 

which cannot occur at the same time, within the same person. 

ARGYLE 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 person being interviewed 

feels more observed than the interviewer. They also showed that 

when two subjects were conversing, the relative lighting conditions 

and the looking behaviour of the other subject has no influence on 

the feeling of being observed. This last result is not unexpected 

as it is the knowledge of being observed that is important and 

not the ability to sec the observer. 
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ARGYLE 	a AND COOK (1968) performed a series of 

experiments where the subjects' visibility cf each other, while 

engaged in a conversation, was varied. They found that the 

synchronising of speech was worse when vision was reduced 

e.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 01 these effects 

may be attributed to the methods used for 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.inced 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 equipment while 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 Orwell's 1984.) 

In all the experiments described later in this chapter, no 

asymmetry was introduced into the two video channels between the 

subjects conversing over the videotelephone. 

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 unlikely that 

this would influence the various conclusions drawn from the 

experiments. 
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7.1.1 Interaction with a Video Image. 

On.: of the main questions that the experiments described in 

this chapter hope to answers  is whether a person 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 particularly their looking behaviours  might not 

be directly influenced by the image. 

The question whether the subjects interact with the video 

image, may be answered by comparing the actual amount of eye-

contact that occurs with the amount that would be expected if 

the two participants were just 'looking robets's  i.e. if the 

subjects did 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 interaci: with the video image. 

If, however, the actual amount was not significantly different 

from the chance amounts  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 the following formula: 

chance eye-contact = 
	LA.LB 

T 

where L
A 
is the total amount of time that A spends looking at B 

L
B 

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 and each subject looks at 

the other one as soon as he hears him start talking and stops 

looking as soon as he hears him stop talking. Each subject's 

looking behaviour is therefore determined by the other person's 

speech. Furthers  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 

time, but the interaction used only audio cues and not visual cues, 

so 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 ,,erbally, any useful estimate of the chance eye-contact 

must take this verbal interaction into account. CHAMPNESS (1971) 

has used a formula for estimating the chance eye-contact7  taking 

into consideration any verbal interaction. Unfortunately, because 

of limitations ix: 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 

AArAl'ngA equal to  40% ng the total 4-4  MA 

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. 
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UA 
= Total duration of A's utterances. 

U
B = Total duration of B's utterances. 

X
A = Total amount of time that A spends looking at E, while 

listening to B's utterances. 

X
B = Total amount of time that B spends looking at A, while 

listening to A's utterances. 

Y
A 
= Total amount of time that A spends looking at B, while A, 

himself, is uttering. 

I
B = 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 t1.--.! total time of 

the conversation. 

KENDON and COOK (1969) have shown that the amount of looking 

while listening (X), and the amount of looking while talking (Y), 

are two consistent aspects of a person's looking behaviour. 

Conclusions reached from using these measures are therefore more 

likely to be meaningful 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 

V V 
SA.-B  
U
A 

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

utterances will be equal to 

Y
B
.X

A 	e 

TT 

"B 

(2) 



168 

Now, assume that the amount of time that both subjects spend 

talking at the same time (joint utterances) is negligible and may 

therefore be ignored. This assumption was valid for the author's 

experiments, as the average measured amount of joint utterances was 

only 2 to 3% of the total time. We can now calculate the total 

amount of silent periods and this will he equal to T - UA  UB. 

The total amount of time that A spends looking at B during the 

silent period is LA  - XA  - YA. Similarly, for B, the total amount 

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
A 
-X

A 
-Y

A ).( LB-XB-YB ) ...(4) 
( T-U

A 
-U
B 
) 

 

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 (4) and this will give: 

total chance eye-contact = 

YA.XB 
	y

B
.X

A 
	( LA -XA -YA ).( LB -XB-YB ) 

...(5) 
U
A 	

( T-U
A 
-U
B 
) 

The formula, (5), given above, will give an estimate of the 

total duration of chance eye-contact between two subjects 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 auditory. cues in the interaction. For example, if 

the actual amount was much less, then it would show that the 

su1ject5 actively avo idcd eye-contact; this may be expected 
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to occur in embarassing, or in some highly competitive, situations. 

If, however, the measured amount of eye-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 measurements 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 fluent speech may be 

interspersed with filled pauses or halting speech. Any attention 

signals produced by a subject when listening to the other, such 

as 'yes' or 'I see', were 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 StimulaLion of Conversation 

In a:1,1 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 authox's experiment. 

In some of the earlier worl: on eye-contact (EXLINE and WINTERS 

1965), interviewing the 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 and 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 -"or the exneriment 

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, 

and COOK 1968) the subjects were just asked to discuss a series of 

topics, such as books, films, home towns etc. This method is often 

successful for shori; 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-face with that carried 

out over a telephone. Although this method produces a conversation 

which may be considered as very realistic, it does require that the 

subjects who participate in the experiment be given very explicit 
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instructions as to the maximum or minimum 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 

conversation. When investigating the effects on conversation of 

various forms of distortions or limitations which occur in 

communication channels, it may be fruitful to use several different 

classes of conversation. The rroblem, then, is to identify the 

various classes of conversation possible e.g. discussion, quarrel, 

instruction etc., and to find methods of stimulating them in the 

laboratory (CHERRY, 1968). 

Methods of stimulation used by the author 

For the present series of experiments, a simple method was 

required which would make two subjects converse freely for some 

time and would not require many instructions. Two methods were 

used for the Preliminary and the main experiment. The first was 

simply to ask the subjects to discuss their plans for the summer 

holidays or any films that they had seen. This first method 

produced a relaxed form of conversation, similar in many ways to 

the Ipleasantaries' often used at the beginning of meeting between 

two persons. 

A second method was simply to make the subjects play a 

simplified version of the game developed by DEUTScRand KRAUSS 

(1960), which they used to study bargaining over telephone channels. 

Here, subjects imagine themselves to be the operators of rival 

transport companies. Each receives an imaginary pay-off each time 

his lorry reaches the opposing terminal. The layout of the roads 

and the control of tae goLes means that there must be some form of 

bargain reached or a deadlock occurs (see Figure 71 for tho layout 

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

1. Each player sets out from his own terminal towards the opposite 

one, and collects an imaginary Z10 when he reaches it, then he 

must return to his own terminal before beginning another trip. 

2. The goal is to earn more money han the other player. 

3. Player A begins, then each player moves his own lorry in turn. 

4. Each lorry can move only in the forward direction. 

5. Each move may be 0,1, or 2 numbered squares. 

6. The gates A and B are controlled respectively by players A& B. 

7. Each 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 ana. layout of the game used to 

stimulate conversation between. 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 were, 

and how they should be interpreted. Subjects were also given the 

freedom to implement any new rules that they agreed upon. To 

encourage further conversation, certain aspects of the diagram showing 

the plan of the road and terminals were made purposely ambiguous. 

For example, it is not clear from the diagram whether or not squares 

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

The aim of this second method of stimulating conversation was to 

produce a conversation which would contain negotiation, discussion 

and factual enquiry. For example, if this method is successful, the 

subjects might be expected 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 truck, or whether 

or not he had permission to pass through his opponent's gate; negotiations 

with each other may be expected to occur when one person is required 

to give way to the other in order to avoid deacuock. This type of 

conversation may be typical of business meetinczs, after the initial 

pleasanteries have been dispensed with. 

In both the methods of stimulating conversation described above, 
the two subjects in the conversation had equal status. A third method 

of stimulating conversation, used in a later experiment, was designed 

to give one of the subjects greater status and control of the conversation 

than the other participant. This third method capitalized on 
situation that only occurs once a year at Imperial College, namely, 

that it is the custom for third year undergraduates to show small groups 
of first year undergraduates around the postgraduate 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 a form which he had to complete. 

The senior student then proceeded to describe three different shapes. 

which 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 Office, for conversation 

experiments with telephone circuits (G.P.O. drawing Numbers EX28609 

and EX28608). The senior student was instructed not to show the 

shapes that he was describing to the junior student. When they had 

finished the shape identification task, the senior student wrote the 

results on the form, and then to complete its  he had to ask the junior 

student for his views on the video system. 

In the conversational situation, described above, the generally 

higher status of the third year student is augmented by the fact that 

he, alone, had the instructions as to the exnerimental procedure and 

by the very nature of the task. The conversation produced by this 

method of stimulation should be similar in many ways to a senior person 

interviewing a junior or subordinate. Because of his stlinsIor role, 

the senior person might be expected to ask most of the questions, to 

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

7.3.1 	Obiectives of the preliminary L:mrirre) ent 

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 tha audio channel. 

3) To find what length each sample of conversation should be. 

4) To see if there was any difference in the subjects' looking 

behaviour while playing the 'trucking game' and when engaged in 

relaxed conversation. 

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

using the whole apparatus. 

7.3.2 Experimental EE22Pdure 

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 he loudspeaker coils by using 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, 35, 45, 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. A spectrum of the noise 
is&lown in Figure 4.11. 
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Only the monochrome 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.) 

a 
The two subjects in each test were placed/e either terminal with 

a cosy of the rules of the trucking game. A large drawing of the 

'road layout' was supplied, so that they might keep track of the 

position of their imaginary lorries. The rules were taken away after 

two minutes and the subjects were told to start playing and to 

continue pia-ding for about twenty minutes, when the experimenter would 

tell them to stop. 

The subjects were informed before the test that different audio 

noise levels would 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 of each 

session. Each level of noise lasted for a period of three minutes, 

and there was a total of eight three minute peritds. 

When the last 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 noise was added during this 

period. 

7.3.3 Forms of Behaviour 

Speech 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 methods). The method used in this experiment 
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was to use the peak RI•IS 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. Tile advantage of this method 

over some of the more established and automated methods, is that the 

slaloming of doors, other people's speecht  and subject's non verbal 

utterances, e.g. laughter?  tapping of the microphone etc., could 

be ignored. This method, therefore, measures the peaks of purposeful 

utterances. As the terminals were situated in laboratories which 

wore in constant use, 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 

were performed during the actual conversation. 

Amount of Conversation 

The audio signals from the two terminals were passed through a 

simple envelope detector to a pen oscillograph (A.E.I. Nk.3). It 

was then possible to measure the total period spent talking and the 

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

Amount of Looking and Eye Contact.  

During a playback of the video recording, two observers each 

concentrated on one cf 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 buttons were connevted to a unit (described in section 

4.4), which allowed the total amount of 'looking' and number of 

'looks' to be recorded, plus the total amount of eye-contact and the 

numbere 'eye contacts'. When a recording of one of the conversations 

was re-analysed for a second time, the results for looking and for 

eye-contact were within 5% of those obtained in the first analysis. 
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In the following sections, references to the amount of looking:  

eye-contact:  and increase 	speech level during the silent periods 

refer to the average of these measures during the th2ee periods of 

silence. 

7.3.4 Results  

Initiary, 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 results. The results may be 

summarized as follows: 	 1 

1) Conversation tended to become very laboured when the noise level 

reached the 55dB level; two of the four groups stopped talking 

completely. 	 1 

2) The level of speech increased as the noise was increased. Figure 

7.2 shows the average increase in speech level for different noise 

levels. 

3) The time spent talking by any pair of subjee.s varied between 35% 	1 

and 8o% of the total time available. When a comparison was made of 

the amount of time spent talking curing the different periods of noise 

for any particular pair of subjects, the standard deviation of the 

amounts was always 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 revel 

was, so long as it was not the 55 dB level. This did not apply when 

1 minute periods were coDsidered. 
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Analysis of the subjects 'looking behaviour' showed a possible 

increase in the amount of looking when audio noise was present. 

Because of this, a further four pairs of subjects were used, the 

procedure being the same as before, but ubing only the 0 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. Examination of Figure 7.3 
Dhows 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. By simply examining 

Figure 7.3, it seems that there is a possible increase in the amount 
of eye-contact during periods when noise is added to the audio system, 

but a full analysis of variance would have to be carried out to be sure 

of this. 

The average amount of time spent 'looking' during the game was 

18%, while the amount during the relaxed conversation period was /i6%; 

the difference between these two means was significant at D < .005 (t.75.84). 

7.3.5 Discussion of Results 

The 'trucking game' proved to be a very simple and useful method 

of stimulating a varied type of conversation ft..: all, but one, of the 

nine pairs of subjects used. This pair played the game in a co-operative 

manner producing a conversation consisting mostly of numbers. A 

repetition of this type of conversation may be avoided in future 

experiments by stressing the competitive nature of the game. 
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That some subjects stopped talking at the 55 dB noise level is 
probably not a reflection of normal behaviour. If the subjects were 

not constrlined by the experimental conditions, they may probably have 

stopped talking altogether;  or rerhaps moved to a quieter location, 

at much lower noise levels. The level at which subjects stop convers-

ing will also probably depend on the nature and content of their 

conversation. 

From Figure 7.2, j.t may be seen that subjects increased their 
speech level as the audio channel noise was increased- This increase 

is due partly to the subjects talking more loudly, and partly to them 

moving nearer to the microphones. GARDNER (1966) found that subjects, 

asked to repeat sentences to each other over a high quality loudspeaker 

link, increased the level of their speech by approximately 10 dB, for 

a change in noise level of 40 dB. Gardner's result though slightly 
larger is very similar to the result of this experiment, taking into 

consideration the difference in the subject's tasks;  the communication 

links  and the methods of 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 amount of talking, 

in any particular period, would have to be taken into account when any 

measures such as th-  amount of 'looking' were needed. 

The preliminary experiment reported in this 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 i.he type of video image used may influence looking behaviour. A 

discussion of the effect of audio noise on gla.jectis looking behavicur 

appears in section 7.4.6. 
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7.4. Main Experiment  

7.4.1 Objectives of the main experiment 

This experiment had several objectives. The first was to 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 this 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 different audio noise levels. 

A third objective 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 objectives, stated above, are all partb 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 second fact"r was the method of stimulating 
6 
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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 (11) used a monochrome video image to 

augment the audio channel, the second, (C), a cartoon video image to 

augment the audio channel and the third, (A), used only the audio channel. 

The main parameters of the two types of video images ire given in 

section 3.6. In all three different forms of communication channel, 

qoudspeaking-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. to discuss their summer holidays 

or films that they had seen etc., and to play a simplified version of 

the Deutch and Krause 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 to the audio channel, 

was only varied while the subjects were playing the trucking game. 

Although it would have been interesting to vary this factor during the 

period of relaxed conversation, as well as 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 

8  the game, the audio channel noise was adjusted to 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 noise 

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 noise to the audio system so as to produce 

a voltage of 0.1 volts r.m.s. across the loudspeaker coils. 
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The high noise level was approximately 35 dB greater than the low 

noise level and during the high noise level the peak speech to noise 

ratio was typically -6 dB. This level of noise was 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 frequency 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 minutest  they were asked 

to stop and each was given a copy of the rules of the trucking game. 

After a further 	and a half minutes, the rules were taken away 

and they were asked to start playing and to continue until asked to 

stop. The subjects were informed that there would be periods when 

audio noise would be added and that the video image may change or 

even disappear. During the game, each form of communication channel 

(M,C, or A) was presented with 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 

audio channel. 

At the end of the sixth period, the subjects were asked to stop 

playing the game and to talk about one of the subjects on the list 

in front of thee.. The list cenLained 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 comunication 

channel that had not been used at the beginning of the experiment, 

were used. 

To finish the experiment, the subjects were asked to fill in a 

questionnaire. The questionnaire asked the following questions: 

1) How easy was the conversation when audio noise was added? 

2) How well could you communicate your ideas or feelings to the 

other person? 

3) How well would you rate your own comfort? 

4) How well could you tell how the other person was reacting to you? 

These four questions had to be answered with reference to each of the 

three different modes of communication used (i.e. audio channel only, 

normal image, and cartoon image). Subjects rated their answers on a 

scale, 1 to 7, ranging for example, from comfortable to uncomfortable. 

They were then asked what was the main thing wrong with the video-

phone system and what were its main advantages. 

Although it is difficult for a subject to rate, for example, his 

comfort on such a seven point scale, 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 

mode of communication, should be rated at 4 or 5, but once this rather 
arbitary decision has been made, it is easier fc,r him to rate his 

	C. 

relative comfort for the other modes. 
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The order used for the different experimental conditions is 

summarized in table 7.1. Six pairs of subjects were used; this 

number war-  chosen because it enabled a completes counter balanced 

design to be used for the game part of the experiment, thus balancing 

for any first 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 also counter balanced. Ideally, 

to eliminate all carry over effects, the different periods of the 

game should be mixed up with the periods of relaxed conversation, but 

this would be vary difficult to organize. 

All the subjects used for the experiment had performed at least 

one of the simple perception or lip reading experiments. They were, 

therefore, familiar with the system and the different types of video 

image used. This should have reduced any behavior due to the 

novelty of using the videotelephone system for the first time. All 

the subjects were, however, ignorant of the particular measures used. 

The whole of the six conversations were recorded onto video taro. 

This was later played back to four observers; two observing the two 

subjects' speech and the other two, the subjects' looking behaviour. 

Each observer pressed a button and kept it pressed while the particular 

behaviour that he was looking fors  occurred. The observer's buttons 

were connected to a paper tape punch. For each three minute period 

of conversation, t?- e 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 forms of 

behaviour were obtained:_ looking, eye-contact, utterance, joint utterances, 

looking while listening and looking while utt..,-ing. 	The ninther of 
'role changes' in each three minute period was also recorded (role 

change refers to the change in role fro21 speaker to listener and vice 

versa). All the data was punched onto computer cards, A computer 
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Table 7.1  Order of the different experimental conditions 
used in the main experiment. 

A = audio channel only 
M = monochrome image plus audio channel 
C = cartoon image plus audio channel 
L = low audio noise 

H . high audio noise 

pairs relaxed 
convers— 
ation 

trucking game relaxed 
convers-
ation 

1 N A.L 0.11 M.L C.L A.H M.11 C A 
2 C M.H A.H C.L M.L C.H A.L H A 

3 A A.H M.L M.H A.L C.L C.H C N 

4 V C.L M.H C.H A.H A.L M.L A C 

5 c C.H C.L A.L 1.1.H M.L A.H A N 
6 A M.L A.L A.H C.H M.L M.H M C 	j 
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program was written which calculated the average and standard deviation 

of the percent of time, number per minute and average duration in 

seconds, of each form of behaviour. The program also calculated thr,  

total duration of silent periods in each three minute period, and also 

the amount of 'chance eye-contact' by using equation (5), given in 

section 7.1. Analysis of variance was also performed on the data; 

the form of the analysis of variance used is described in the following 

section. 

7.4.5 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. However, if the experiment contains 

several factors, difficulty often arises in obtaining sufficient numbers 

of subjects. It is often convenient to observe each subject under more 

than one treatment condition. These types of experiments are usually 

referred to as those in which 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 WIN1 (1962). 

There are two main advantages of using a repeated measures design 

for an experiment, they are: 1) economy of subjects, thus enabling 

simpler organization of experiments i.e. instructions have to be given 

less often, 2) each subject serves as his own control; this is particularly 

useful when Lhe responses of people to the same experimental treatment 

show a relatively large variability 
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The model used for the analysis of variance for a simple, one 

factor;  repeated measures experiment, where each subject receives 

every possible treatment of the factor, is: 

X. .. = u 	t. 	s.
1 	

(s ).. 	e3.3. 

	

t 13 	. (1) 

where 

X. = the criteria measure for treatment, j, on subjectsi. 

u = grand mean for the treatment population 

t.
3 
 = effect of treatment, j. 

s.1  = constant effect of subject, i.

(st)ii  = treatment subject interaction 

e..13 = experimental error (mean equal to zero and normal distribution) 

Itistheie,elusionoftheterms.that differentiates this model 

from that used when different subjects 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 balanced so as to reduce carry-

over effects. The model, and hence the analysis, can be simply 

generalized for experiments with more than one factor, provided 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 (1°). Many of the measurements taken on 

each individual are likel y te bc correlatcd with those taken on the 

other subject with whom he is conversing (i.e. the total duration of 

the subject's utterances are likely to be negatively correlated to 

those of his partner). To eliminate the effects of any possible 

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 assigned to one level of the factor, and the other 

person was assigned to the second level of the factor. A standa -0  

library computer programme for the analysis of variance of factorial 

designed experiments was used to compute the Sums of Squares (SS) and 

Mean Squares (MS) for each factor and interaction of factors. 	(Note ; 

the notation to be used in MS
A = Mean Square for factor A.) 

To test the null-hypothesis that factor B had only a random effect 

(i.e. there was no difference produced by the differing forms of 

communication channel), the following statistic is calculated: 

F = MSB  
MS
(BP) 

Similarly, for factor N (audio noise level), the statistic calculated 

for the test of the null-hypothesis is: 

F = MSN 

and for the interaction of factors N and B, (NB);  the statistic is: 

F = •s(NB)  
MS(PNB) 

In general;  for any factor Y with q treatment levels in a 

factorially designed experiment where there arG repeated measures on 

n persons or n pairs of subjects etc., then the statistic used to test 

the null-hypothesis that factor Y has only random effect is: 

F = VS Y 
	

(c\ 

MS(PY) 
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Significance levels er probabilities of Type 1 error may be calculated 

with the aid of tables of the cumulative F distribution, having (n - 1) 

and (q - 	degrees of freedo.l. 	(A derivation of equation (5) may 

be found in WINER, 1962.) 

An exactly similar analysis of variance nay be carried out using 

the method of stimulating the conversation as a factor, instead of the 

audio noise level: 

Where the observations of a person's behaviour are in the form 

of percentages or proportions (i.e. the total percent of time spent 

looking), these observations will approximate to a binomial distribution. 

Hence, the variance anr1  mean will be related. When such measures were 

used, a X' = arc sin Nq transform was carried out on the data, before 

performing the analysis of variance (See EDWRDS, 1968.) It is 

fortunate that the distribution of the F ratio in the analysis of 

variance is relatively little affected by inequalities in the variances 

which are pooled into the experimental error.. 



193 

7.4.4 Results 

The main results of the experiments are summarized in tables 

7.2 to 7.6, and 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 shown in table 7.2 

(last column) is an estimate of the mean error of measuring the various 

forms of behaviour. This estimate was obtained by replaying a part of the 

video recordings of conversations by two differnt 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 c%f the first and second replays, divided by the 

mean of the two observations. For example, if the observed duration of 

looking during the first replay was L1, and during the second replay, L2  , 

the percentage error was given by the following: 

percent error = 200. 
IL, -L

2  
LI  L

2 

The table gives the mean error; thus for measures performed on each 

individual's behaviour, it is the mean of four, separate estimates of the 

percentage error, whereas for joint measures (cc. eye-contact and joint 

utterances), it is ti.e mean of the two, separate estimates. 

Table 7.3 to 7.5 shows the analysis of variance performed on the 
experimental data. Only the mean square (MS) is shown as the sum of 

squares (SS), and the F ratio may be calculated from the given MS. The 

level of significance of the rejeoLion of the null-hypothesis, that any 

particular factor has a random effect, is indicated by asterisk 

(*F.- p<0.05, ** =p<0.01). In these tables, the  figvr,,s within brackets 

in the row labelled 'average' are the averages of the transformed data. 

When performing analysis of variance for the various forms of looking 

behaviour, the data for periods when there was no video image available 
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was excluded from the analysis. 

Before performing the analysis of variance, the experimental data 

(or the transferred data where the original was in the form of percentages) 

was tested for homogeneity of variance. Only two of the many different 

measures were found to have heterogeneity of variance, and these were the 

'mean length of each look' and the mean length of each 'looking while 
listening'. Inspection of the data for both these measures indicated that, 

for each combination of treatments, the standard deviation was approximately 

proportional to the mean. Because of this, a transform of the form 

X' = log (1 + X) was used on the data before performing the analysis of 

variance (BARTLETT, 1947). t'Jith this transform, the variances were stabil-

ized as indicated by the F 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 13,1 and 44.2 respectively, before the transform was used 

(critical value of F = 4.3). 

Table 7.3 shows the analysis of variance performed on the various 

measures of looking behaviour during the trucking game part of the conver-

sations. Examination 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 when audio noise was added to the channel. The increase 

in the 'duration of looking' was 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 contact was due to an increase in 

the frequency of eye contacts and not to an increase in the average length 
of each eye contact. During the noisy periods, there was an increase 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 
per minute' aid  the  mean  length of each 'looking while talkin61. 
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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. (Hence data for periods during the trucking game when 

audio noise was added to the system was excluded from the analysis.) 
Examination of table 7.4 shows that the method of stimulating 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 talking'. If table 7.2 is then examined, it may 

be seen that every measure of looking behaviour, except the two already 

mentioned, was significantly greater during the periods of relaxed 

conversation than during the trucking game. Taole 7.4 shows that the type 
of video image had no significant effect on any of the different measures 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 looking, (11), is equal to the proportion of 

his listening time that he spends looking, (1L). For periods when the 

monochrome image was used, the null-hypothesis was rejected with a level 

of significance p<0.02 (T = 9, 11,<1L), while for periods when the 
cartoon image was used, the null-hypothesis was rejected with a level 

of significance p<0.05 (T = 13, 1/< IL). For periods 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 when 

there was a video imaee. 

Table 7.5 gives a summary of the analysis of variance performed on 
measures related to the subjects' speech behaviour. Examination of this 

table, in conjunction with table 7.2, shows that the duration of utterances 
was greater, but that the number of utterances was less, during the perioc.s 

of relaxed conversation when compared with during the trucking game. Also, 

the number of role changes was less and the total duration of silent periods 
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(no utterance from either subject) was less during the periods of relaxed 

conversation. None of these measures related to the subject/.b speech 

behaviour were significantly affected by the type of video image or by 

whether there was a video image or not. Analysis of variance performed 

on these measures of the subject's speech behaviour during the trucking 

game, showed that 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-th-t-tank- 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 	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' showed that there was no significant difference 

between the measured and ettimated amount of eye-contaceduring 

periods when only the audio channel was used. (See table 7.6). 

*There was, of course, no actual eye-contact during periods when there 
was no video image. Eye-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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When a randomization test was carried out on the difference 
between the measured and estimated duration of eye-contact for each 
pair of subjects (using periods when monochrome and cartoon images were 

used), only in three of the six pairs was the differerce significant 

beyond the 5% level. 

It may be concluded therefore, that on average, during periods when 

the monochrome image was used, the difference between the measured and 
estimated amounts of eye-contact was definitely significant, whereas for 

periods when the cartoon image was used the difference was not definitely 

significant, and that 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 whole experiment. These two occurred during periods when 

there was no video image and when audio noise was added to the channel. 

An attempt was made to count the number of interruptions which 

occurred during the various expeiAmental conditions, as this would be 

on indication as to how good was the synchronization of the subject's 

utterances under the various conditions. (See ARGYLE, LALLJEE & 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 reliable 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 

- differences were significant. The results of the first four questions 

were as follows:- 

(1) there was no significant difference between modes for the ease 

of conversation when audio noise was added. 

1 
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(2) the 'monochrome image plus audio' was better than the 'audio only' 

for communicating their ideas (p(0.04) 

(3) the 'monochrome image plus audio' vas better than the 'audio only' 

for their own comfort (p <0.05) 

(4) the 'monochrome image plus audio' was better than the 'ai'dio 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 cartoon image plus audio 

conaition lay between the ratings for the monochrome image plus audio and 

the audio only conditions, but was never significantly dirferent frcm either. 

Only two subjects mentioned that there was anything wrong with this partic-

ular videotelerhone 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 discussing the results of thls experiment, a short subsidiary 

experiment will be described. 
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7.4.5. Subsidary Experiment. 

In the two experiments described in i,he early part of this chapter, 

the :_lethoes used for stimulating the conversation between two subjects 

did net give either a greater status or control over the conversation. 

This section describes a simple experiment performed to investigate 

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 undergl^aduate. The method used to stimulate the conversation 

was of the type described 	section 7.2; this method 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 '1661!:'ng' were 435 and 22;L.  

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 majnly due to the greater 'mean length of each look', (3.2 

seconds as against 1.6 seconds; the difference was significant at p<0.025, 	
f
f 

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 frequency 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 

,Duvjc%.L.. 
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Table 7.3  Summary of the analysis of variance performed on the observations of the 
subjects' looking behaviour during the trucking game. 
Factors are: N = noise level 

I = type of video image (monochrome or cartoon) 

P pairs of subjects 

* = P<0.05 	** 

( % . total duration, freq m number per minute, mean = mean length of each Ireasuree 



d.f. 

looking eye-contact 
EC 

looking while 
listening 

looking while 
talking 

freq mean o freq mean freq ,mean /0 	!freq mean 

** 
1.911 307.3 .5799 .516 3363 1.978 1.039 180.7 .264 .4273' 254.1 .9989 

.015 9.3 : .0010 .0005 .8 .019 .002 .7 .0000 .0002. 4.4 .3668 

CxI 1 .007 13.8 .0024 .0005 .1 .204 ,:.002 4.5 .0023 	.0001 .0 .1171 

PxC 5 .047 22.3 .0373 .0168 9.8 .433 .030 15.4 .03461 .0271 28.5 .5568 

PxI 5 .009 	! 1.2 .0121 .0042 5.9 .071 .010 2.8 .0073 	.0009 3.6 .2057 

PxCxI 5 .026 4.4 .0304 .0082 6.2 : 	.138 .013 3.8 .0145 	.0042 4.5 .0872 

4 

Average 27% 7.2 2.2 9.7'70 • 5.3 .82 12.37,  ,,9 1.23 7.4j,  5.0 .83 
(.51) '45)  (.26) (.31) (.32) (.24) 

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 trucking game. 

Factors are: C . method usel to stimulate conversation 

I = type of video image (monochrome or cartoon) 

P = pairs of subjects 



utterance no. of 
role 
caanges 
per min. 

silence 

d.f. o ! 	freq 	, mean 

* 
1 .1765 1 188.7 50.91 164.2.  .4632 

I 2 .0003 10.0 2.68 1.1 .0009 

CxI 2 .0019 3.4 4.77 A.2 .0041 

PxC 5 .0115 24.4 3.81 19.2 .0216 

PxI 10 .0026 5.4 1.06 7.7 .0045 

PxCx: 10 .0026 ; 	7.2 3.27 8.7 .0056 

Average 40); 9.5 3.0 11.0 	29 ,  
(.64)  . (.56) 

Table 7.5 Summary of the analys:i.s of variance performed on observations 

relating to the subjects' speech behaviour. 

Factors are: C = method used to stimulate conversation 

I . type of video image (momochrome, cartoon or no image) 

P = pairs of subjects 
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Table 7.6 Difference between the measured and estimated duration 

of eye-contact for the three different modes of 

communication. 

Difference (D) = measured duration - estimated duration. 

(Expressed as a percentage of the total duration of the 
conversation.) The rank of the differences is shown so 

that the Uilcoxon Signed-Ranks Test may be applied. 

T = Sum of 'ranks' with less frequent signs ( critical 

value of T for 0.05 level of significance = 40 ). 
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7.4.6. Discussion of Results. 

Lookinr behaviour durin. periods of audio noise. 

The experiment 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 use 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'. When audio noise 

is present, the tone of voice may be more difficult to perceive and the 

interactors 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-verbal cues associated 

with channel control, es. direction of gaze. 

3) The vocal attention signals, such as 'yes' or 'I see', which are 

often used to signal mutual attention or responsiveness, may also be more 

difficult to perceive when 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 experiment described 

in chapter 5 demonstrated that subjects who had no previous formal prac-

tice at lip reading were able to use both the monochrome image and the 

cartoon image for lip reading.) 
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Interactors may or may not be aware 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 change in the simple measures of 

the subjects' speech behaviour (eg. frequency and duration of utterances). 

If a higher level were used, the subjects: speech behaviour is likely to 

be different from that recorded during the main experiment, and if the 

much higher noise level were used, the conversation is likely to become 

very laboured or cease completely, (as demonstrated in the preliminary 

experiment). As many aspects of a persons' looking 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 frequency and 

duration of 'looking' during the periods of relaxed conversation, com-

pared with periods when the trucking game was being played. As many 
aspects of. looking behaviour arc correlat3d with speech behaviour, some 
differences in looking behaviour would be expected, as the experiment also 

showed that the subjects' speech behaviour was different during these 

periods. While playing the trucking game, the subjects were in a compet-

itive situation and, hence, the lower 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 
each other less during competitive situations. 

The other important difference between the trucking game and the 

periods of relaxed conversation is thaL during the game the subjects had 

to look down at their 'road maps' occas..onally, in order to 'move their 

trucks' and to record their score. The subjects also seemed to gaze at 

the 'road maps', while planning their next move. (REIDi(1971), in a 

survey of civil servants' communicating behaviour found that approximately 
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32% of two-person face-to-fac_e meetings took place because the partic-

ipants had either documents or diagrams to discuss.) Hence, the situ-

ation where the interactors have to look down at some document or 

diagram etc. is quite common. 

As different types of conversation are likely to produce very 

different patterns of loOking behaviour, care must be taken when comparing 

the results of different published experiments. KENDON, (1957), for his 
experiments, simply asked subjects to become acquainted with each 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 45 (of the total 
duration of the interaction), and this is surprisingly close to that 

measured by the author, in the periods of relaxed conversation, i.e. /11C, 

when the monochrome image was used and 42% when the cartoon linage was 

used. 

Kendon also found in his experiments that the proportion of a 

subject's speaking time that he spent 'locking' (1T), was less than 

the proportion of his listening time that he spent 'looking' (1L). 

For the periods of relaxed conversation during the author's main 

experiment, the same relationship was found between 11, and 1L, i.e. 

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-fA.ce 	 Yigs 
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Looking behaviour and type of video image. 

The analysis of variances performed on 22 of the 24 measures of 
looking (and all of the measures of speech behaviour) showed that there 

was no significant difference between periods when the monochrome image 

was used and periods when the cartoon image was used. Because of this, 

the discussion above can be assumed to apply equally to when the mono-

chrome or cartoon images are used. A further implication, therefore, is 

that a cartoon image is adequate for communicating 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 a 

cartoon image is used. A much lower data rate would be required for 

transmitting a cartoon image than for transmitting a monochrome image, 

(see Appendix 1), 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 when the monochrome image was used, the measured total 

duration 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 known consistent aspec'cs of a person's looking behaviour, it 
may be concluded that a subject's looking behaviour was 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) To seek information of the other's reactions. 

3) To indicate who should speak next. 

4) They simply like to be seen, and eye-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 viewer's 

direction of gaze, as the viewer must also be aware that the facial image 

on the monitor screen represents someone, who is at the same time o'Iser-

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 viewer's direction of gaze because he knows 

that he is not being observed by the person represented on the monitor 

screen. 

For periods when the cartoon image was used, there was not a 

significant difference between measured and chance duration of looking. 

However, the value of the statistic calculated for testing the null-

hypothesis that there was no significance, was only a little above the 

critical value needed for rejecting the null-hypothesis; thus, if a 

larger sample were used, the difference between measured and chance 

duration of eye-contact 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 show 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 conversant often turns his head away when he stops looking at the 

other conversant. 

Subsidiary experiment. 

The subsidiary experiment showed that when a junior (freshman) 

was 	 -4—I....J. by a 	OULLUellt,, 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 juniors 

by seniors, then it casts doubt on the methodologies adopted by some 

experimenters for studying the looking behaviour in this type of interview. 

For example, EFRAN, (1968), in his experiments, instructed the senior 

interviewing person (a confederate) to gaze continuously at the junior 

subject. 
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Speech behaviour. 

It was expected that the simple measures of speech behaviour would 

be significantly affected by the method used to stimulate conversation; 

thus, one expects there to be fewer but longer utterances during a 

relaxed conversation than while playing a game, which requires alternate 

moves from the participants. What is more surprising is that neither 

the audio noise level or the form of comnunioation 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. For 

example, RICHARDS, (1964), 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 author'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 mean length 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 approx;mately 4 sedonds and the number of 
role changes per minute. approximately 9. During the trucking game, the 

mean length of utterance was 2 seconds and the number of role changes, 13. 

MARTIN, (1931), first suggested that the number of repetitions asked 

for by a telephone user gives some clue of the difficulty encountered during 

a telephone cortversation. RICHARDS, (190), when analybing eonverbavions 
carried out over a satellite 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 anproximate average frequency of 
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1 per 2 minutes. The extremely low number of requests for repetitions 

in the author's experiments implies that, even with the noise added, 

the 'quality' of the audio channel 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 telling 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 the experiment. 

The questionnaire only provides evidence that the subjects thought 

that they were better able to judge the other conversants' reactions, 

when 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), 

who 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 

was unfounded. 

The video channel will give video telephone users the opportunity 

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 und=stand emotional messages 

conveyed by Don-verbal C1106, so that tie wid.er range of cues provided 

by the video channel will not be necessarily ,Atilized by all users. 

One advantage of the video channel is that it allows a user, who is still 

speaking, to immediately judge the reactions of the other conversant, 

whereas with an audio only communication link:, a speaker often has to wait 

until the other person replies before he can judge his reactions. 

Reliability of behaviour measures. 

Of the many papers published on looking 7behaviour, only a relat-

ively small number contain any discussion of the reliability of measuring 

a subject's looking behaviour. EXLINE (19631, obtained a measure of 

reliability by using two observers simultaneously recording the reeking 

behaviour of a subject. An 'index of agreement' was derived by dividing 

the total duration of coincident observations by the maximum total duration 

of 'looking', indicated by combining the two observations. Unfortunately, 

because of the different methods used to measure reliability, it is Dot 

possible to compare Exline's value of 0.81 for the 'index of agreement' 

with the author's estimate of 4%, for the mean error of measuring the 

duration of looking. Other authors (for example, 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 dots not expose any consistent differences between the 

observers. STRONGMAN & CHAMPNESS, (1968), in pre-experimental rials, 

used two obervers to measure the total duration of a subject's looking. 

They found a 95% agreement (5% error) between the observers; this 

accuracy of measurement was similar to that in the author's experiments. 

MEHRABIAN & WILLIAMS. (1%9), used a vidLeo-tape recorder to record 

many different aspects of a subject's behaviour. They gave the relia-

bility coefficients of their measurement of 2  different fornP of non-
verbal behaviour, 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 was ono of the worst 

coefficient; reported. As the experimenters vishea t 7 record the 



213 

subjects' leg movements as well as his direction of gaze, the definition 

in the region of the eyes Ilould necessarily be poor, and thin eras 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 Moked at a facial 

image on the monitor screens  it appeared to the observer who was 

measuring looking behaviour, that the subject was looking directly at 

him. This simplified the observer's task and consequently the observers 

did not require any special training. CLINE, (1967), 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 

were in the most favourable position for judging when the subjects 

looked at the monitor screen. 	

i
F 

The duration of each 'eye-contact' was quite shor',:; the average 

duration was approximately one second. If the same two observers were 

used for measuring the looking behaviour throughout the whole experiment, 

then any consistent differences in their reaction times would lead to 

errors in the 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 reduced. None of the 

published experiments concerned with looking behaviour seemed to have 

this simple procedure to 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 a procedure would require the observers to spend much more 

time on an experiment and i.t; was not pussible to do this in the author's 

experiment. 
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None of the published papers concerned with communication 

behaviour have contained any estimates of the reliability of meacur5_ng 

the more detailed forms of looking and spcoch behaviour (e.g. looking 

while listening). It is not possible, thereforet  to compare the 

author's estimates of reliability of these measures with any otner. 
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Chapter 8 

General Summary and Suggestions for Further Work 

This chapter briefly summarises the results of the experiments 

reported in this thesis and makes some suggestions for further work. 
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8. General 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' behaviur while they are engaged in a conversation 

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 the participants of a videotelephone conversation are 

able to perceive many of the non-verbal cues that are often used in a 

conversation. 

The first experiment reported was concerned 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 was a slight differ- 

ence between the perception of vertical and horizontal rotation of a 

person's eyes, but again, these differences were 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. 

Experiment41 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 are meaningless. 

, The second experiment investigated the subjects' ability to lip read 

when different types of video images were used, (see chapter 5). It was 

shown that a simple cartoon image of the speaker's face was virtually as 

_good as the full normal monochrome video image for lip reading. Any 

results concerned with the utility of videotelephone systems for lip 

reading will be of some importance to the c!eaf and hard of hearing, as 

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 6.1). The facial images to be recognized 

were reproduced as either half-tone monochrome video images or different 

forms of cartoon images. The results did show that a cartoon image is at 

least as good as a normal monochrome video image with a signal tr noise 

ratio of -1.2dB; also, that the horizontal 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 experiments. 

The 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 see 

how factors such as video monitor screen size and viewing distance influence 

the perception of proximity. It seems likely that there are complex 

psychological and social factors which influence the perception of proximity 

of a video image. For example, simply knowing that the other conversant is 

at a distant location may influence the perception of proximity. The 

feeling of proximity, or presence of the other, may be an important factor 

when comparing face-to-face meetings with videotelephone conversations. 

In chapter 7, three experiments were reported which analysed the 

looking and speech behaviour of subjects who were conversing over a video 

link. It was shown that the audio noise level, the method of stimulating 

conversation, and the relative status of the participants influenced the 

looking behaviour. It was argued that the change in looking behaviour 

caused by the audio noise could be accounted for by considering the uses 

of non-verbal behaviour, as described by ARGYLE (1969). A simple 

probablistic model was developed to estimate the amount of chance eye 

contact. When 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 direction of Laze of the person with whom he 

was conversing over the video link. This did not occur when the cartoon 

image was used. It was 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 amounts of looking while talking and 

looking while listening were similar to the published results of experi-

ments 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 experiments 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 3.2 and 1.3 seconds. respectively. 

This length of gaze greatly differs from the gaze usually allowed in sub-

jective tests of broadcast quality images. In these tests, the subjeci.s 

are usually presented with a test image for approximately 10 seconds, 

(also, only 4 different scenes are used for the whole test series) 
ALLNATT & BRtLGG (1968). This again cast doubt as 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 make the users more tolerant towards any impairments of the 

image. 

It has been stated several times in th:7(7. 1-.11pxis that many of the 

results of the experiments may be influenced 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 using 

lower resolution video imaeie for future eyneriments. Any videotelephone 

system that is likely to be introduced in the future will have consider- 

ably lower resolution than that of the video system used by the author. 	ti 

Furthermore, the wideband video 'conferencing' facilities introduced by 

the British Post Office (Confravisiou), r?llows up to five participants 

to sit in a row in front of a camera. In these circumstances, although 

the video signalling parameters are the same as those used by the author, 

the number of picture elements associatea with each face is very much 

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 

would be many possibilities for further research into videotelephone user's 

behaviour, if group meetings were considered. 
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APPENDIX I. 

Number of white picture elements in a cartoon image. 

The number of white picture elements contained in a cartoon 

image will depend on two factors: (1) the original facial image, 

(2) the various threshold settings in the cartoon generator. By 

wa7 of an example, this appendix will con6ider 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 'Max' was chosen as being representative of the 
cartoon image with relatively few white picture elements. 

To measure 131. number of white picture elements it each cartoon 

the output of the caxtoon generator was sampled approximately 50 nsec 

after each clockpulse (i.e. halfway between each clockpulse). The 

number of pulses per second occuring at the output of the sampler 

was measured using a Marconi Tr 2414A/2M  counter. 

Table AI shows the number of white picture elements per frame. 

that were produced when the simple edge detector, or the horizontal 

edge detector, or the complete cartoon generator were used. (See 

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 visible, whereas the number of 

horizontal elements visible vas 450. (See figure 3.6). The total 

number of picture elements (N) visible was, therefore, equal to 230,400. 

The figure in brackets in table AI reproscnto 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 uore than 	of N white picture elements. 
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Table Al 

Number of white picture elements in a cartoon image.  

cartoon Archie Max 

Simple edge detector 2872 bits/frame 

(1.3%) 

1520 bits/frame 

(0.7%) 

Horizontal edge detector 3280 	it 

(1.4%) 

2160 	it 

(0.9%) 

Complete cartoon 5920 	It 

(2.6%) 

3520 	IT 

(1.5%) 

The figure in brackets represents the number of white elements in 

any particular e,rtoon expressed as a percentage of the total number 

of picture elements contained in one frame. 
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APPENDIX 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 

used in the author's experiments. Two monochrome and cartoon images 

will be considered; these are shown in f:1Gure 3.7. (Note the cartoon 

images are the complete cartoon 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 the 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 satisfactorily code the signal amplitude. For the purposes 

of comparison, it has been assumed that six bits per sample would be 

required for coding the signal amplitude. This figure was chosen as 

it is often used as a basis of comparison, (SCIIPEIBER, 196?). It 

must be stressed, however, that this simple calculation allows only 

rough comparisons, as the actual 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 

of the total number of picture elements arc white, more efficient 

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 elements were gener-

ated. Therefore, only half of the number of picture elements shown in 

table AI are needed to completely describe each cartoon image. Thus, 

for coding purposes, the number of white elements (L) in the complete.  

cartoon image will be taken as 2960 and 1Y60, for the cartoons 

'Archie' and 'Max', respectively. 

A saving in the data rate needed to transmit the cartoon may be 

obtained by simply taking into account the low probability of white 

picture elements. Thus, if the conventional raster scanned image is 

considered as a sequence of independent binary digits, and each ele-

ment has a probability L/N of being white, then the first order 

entropy per frame of such a source is giver by the following equation, 

(see LAEHMELI  1953). 

L 	N 	L H = N - log, (-) + (1 - - ) log2  

[ 

N 	' L 	N 	
1 11  

L 

( - -) 

Table A2 gives the results of using this formula to calculate the 

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 rate 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 ..artoon 'Max'. 

Greater reductions in data rates may be obtained if the second or 

higher order probability distribution were exploited. (SCHREIBER, 1956). 

Unfortunately, the measurement of the higher order probability distri-

butions was outside the scope of the _11.f..bor's project, 
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Many different schemes may be used for the reduction of the data rate 

required to transmit raster scanned line drawings. For example, LOEB (1953) 

proposed a stopping spot' process; a process which uses a variable speed 

sweep. A -:orkng system, which uses this principle, has been demonstrated 

by BELTPAMI & MOSCA (1959). It was used to transmit visual images over 

existing telephone networks. Some further reductions in the data rate for 

the transmission of raster scanned images may be obtained if multi-beam 

scanning is used. For example, =NTS (1971) compared the data compression 

possibilities of multibeam scanning of weather maps containing 9io black 

picture elements. Tt was found that with single beam scanning the best 

compression ratio was approximately 5:1, whereas with Lhree beam scanning 

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 position co-ordinate of each white picture element. For 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 result 

in a data compression of 4.3:1, for the cartoon 'Archie', and 7.3:1, for 

the cartoon 'Max'. 

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. FOY (1964) has derived an expression 

for the entropy of a line drawing which takes into account the continuity 

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. 

A coding scheme which does exploit the continuity of lines is 

contour following (BENJAMIN, 1953). Contour following systems may take 

several different forms, 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 specification of 

the starting point of each line would require 18 bits, (assuming the same 

picture parameters as those used in the author's experiments). The total 

number of bits required to transmit one frame of the cartoon image would 

therefore be 18 x (total number of individual lines), plus 3 x (the total 

number of white picture elements). By examining a slide projection of a 

photograph of the cartoon 'Archie' and 1 Mcv 1 , 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 contour following system would result in a data compression 

ratio of 23:1, for the cartoon 'Archie', and 35:1, 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 

drawings, (SEZAKI laTAGIRI, 1965). 



Archie 	Max 

1382, 	1382, 

	

230.4 	230.4 

	

22.8 	14.9 

	

g.3.2 	31.7 

	

10e1 	6.5 

F 

226 

Table A2 

Data rates for image transmission. 

Monochrome Image 
f-- 
Iconventional P.C.M. 

Lc 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 

contour following plus 
start points 
— — — - - - - 

All numbers are bits/frame x 103  
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APPENDIX III 

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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Transistors :— NPN P3A6A , prp VA05A 
Dindps 	AA7,13 

Canacitors 	0.luF unless stated 

Simple Edge Detector 
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