


Behavioural Research on 

TELIDON I 

Canada 

Library - Qlleerl 

et% 2 9 2013 

lndustrie Canada 

Behavioural Research Group 

Department of Communications 

COM  CANADA 

1980 
M,'",?!8\1232 

LIBRARY - aistiontuur 



TELIDON - BeHAVIOURAL RESEARCHI 
DEPARTMeNT OF COMMUNICATIONS 

OTTAWA 	- 
SEPTEMBER, 1979 

Preface 
Telidon, the Videotex system developed  lin Canada, is 
now being prepared for field trials in Canadian homes. 
Many design decisions are being made during this 
preparation phase, some of which will affect users. 
The Behavioural Research Group at the Department of 
Communications has considered many of these decisions 
and has conducted some studies both to outline which 
of the decisions will affect users and to help make 
recommendations for designers. This set of reports 
outlines the results of this work to date. It is the 
first to be prepared in this format and is intended 
for communication with those who are also involved in 
the preparation of Telidon trials. 

The reports presented here fall into three 
categories; reviews of the human factors issues 
arising from Telidon technologn, studies of visual 
display characteristics thai are ,optimal for users; 
studies of data base châracterist'i,cs optimal for 
users. 

1. Review of Human Factors Issues. 

"Telidon, the Canadian Videotex System and its 
Implications for Information Science" presents an 
initial set of questions  regarding information 
creation on Telidon with a review of the technical 
capabilities and limits of Telidon. 

- " 
fli",MelleinVikÊeotex and User-Related Issues" 

re -Views tWe"tiser related issues of visual display and 
the interaction protocol for information retrieval. 

% 	,  
1(‘Or e,  "The  Lielicâtion'i oÈ Telidon for Information Science" 
/ye preàents a general model by which to understand 

	

.\ 	Telidon research and provides a review and update of e problems of data bank planning and organization. 
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2. Human Factors of Visual Displays. 

Four reports present experimental work conducted 
at the Communications Research Centre. 	"Character 
Sets for Videotex Field Trial Terminals" summarizes 
the experimental and demonstration studies and 
recommends optimal character spacings based on both 
readability and economic considerations. 

The following two papers, "Spacing of Characters on a 
Television Display: 5 x 7 character set and 7 x 9 
character set" present the results of empirical 
studies on the legibility of characters when various 
spacings are used. These reports conclude with 
recommendations for spacing of each character set on 
Telidon visual display. 

"Placement of Accents on Characters" presents a study 
of different techniques of placing accents on French 
language characters. Recommendation about which is 
most acceptable to users is based on preference data 
collected from Francophones. 

3. Human Factors of Data Bases. 

Two papers: "The Optimum Number of Alternatives 
to Display on an Index Page in an Interactive Telidon 
Data Base" and "Broadcast Telidon: The Optimum 
Number of Alternatives per Index Page" present a model 
of how the Telidon data base should be designed so 
that users reach the information they seek as quickly 
as possible. 	Taking several variables into account, 
the model recommends that the number of alternatives 
on an index page, for interactive Telidon (in 
particular, see the summary section of each article). 
should be from 4-8. 	For Broadcast Telidon, either 
full channel transmission or vertical blanking 
interval transmission), about 10 alternatives on a 
page is close to optimal. Other recommendations are 
discussed in these two articles (in particular, see 
the summary section of each article). 

"Evaluation of Tree Structured Organization of 
Information on Telidon" is directed towards assessing 
how difficult it is for people to find information in 
the data base. 	In general, it is a first attempt at 
developing a methodology for evaluating and improving 
tree—structured data bases. 



Some of - these reports have been published  as  noted on 
the papers. Any comments OT  questions about this 
research program shoUld be- àddressed to the author: 
30 0  Slater St., Ottawa, Ontario, Canada, KlA 008.. 
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CHAPTER I 

REVIEW OF HUMAN FACTORS ISSUES INVOLVED IN TELIDON 



TELIDON, THE CANA.DIAN VIDEOTEX SYSTEM, AND
ITS IMPLICATIONS FOR INPqRM&TI0N SCIENCE

Dorothy A..Phillips"

I3ehaviourâl. Research Group

Technology and Systems Branch

Department of. Communications

Ottawa, Ontario

K1A OC8

. .ABSTI'tACT

Telidon is.the riatpE of the Canadian Videotex

System, apublic-accessed interactive information

retrieval service now being developed in Ottawa..

Several other Videotex and teletext (broadcast)

developments are taking place internationally
with graphic and alphanumeric information
available to homes.and businesses on visual
displays (TV sets). Technical characteristics

of Telidon for visual display and search

structure influence the presentation of

information on Telidôn. Questions remain.about

the information content that can best be provided

on Telidon, about indexing or classification

schemes and about how the user will pay for
information. The Information Science Community

could make a contribution to these questions..

From: Proceedings of the Seventh Annual.Canad.ian.
Conference on Information Science., Canadian
Association for Information Science, Banff, Alberta
May 12-15, 1979
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INFORMATION IMPLICATIONS OF TELIDON 

INTRODUCTION 

Members of the information science community will be aware that 
technological developments are creating an "information revolution". 
New technology in the computer and telecommunications fields are coming 
together to bring about a profound change in the way we access and store 
information in our society. Within a few years we can look forward to 
having access in our homes to computer stored data bases by using 
telephone and TV equipment. We will be able to interact with the data 
base to look up the latest hockey scores or stock market prices, and to 
shop for a house by looking at plans and pictures >  find out how to 
adopt a baby or where to go for counselling. These are the information 
retrieval activities now in the process of development. Later, the 
same equipment will serve a messaging function. We will be able to 
send letters to friends, make theatre or airline reservations, order 
and pay for groceries and perhaps even be interviewed by the computer 
about our medical complaints before going to the doctor. 

Telidon is one of the technological developments which are 
destined to have a major impact on ourlives in the near future. Telidon 
is the name given to the Canadian Videotex system and Videotex is a term 
adopted internationally as a temporary generic term for public-accessed 
interactive information retrieval services. Telidon was developed at the 
Communications Research Centre in Ottawa. 

This paper describes some of the characteristics of Telidon and 
places it in the context of other developments internationally in this 
field. It then poses a challenge to the information science community 
to be influential in the development of information to be provided 
on Telidon. 

VIDEOTEX ANDsTELETEXT 

Before describing Telidon in detail, it is useful to distinguish 
two-way videotex services from one-way teletext services. Videotex systems 
allow the user to access computer stored information using a key pad or 
more complex key board, a modified TV set or other electronical visual 
display, and a telephone or other transmission line. In contrast, one-way 
teletext services are broadcast and the user with a decoder and TV set may 
Itgrab" a frame as it goes by in the broadcast signal and display it on his 
TV screen. Access time for teletext depends on how long it takes for the 
page to go by and could be up to a minute or longer depending on the size 
of the data base. 

Both videotex and teletext systems display alphanumerics and graphics 
with colors. From the users point of view, videotex systems can offer access 
to much larger data bases and will have a more rapid response time on the 
average. 

Teletext services are now being offered in Britain by the BBC 
(Ceefax) and the Independent Television companies (Oracle). 
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The broadcasting,authorities for Ceefax and Oracle provide the editdrial- -  
or information gathering services as well as broadcast channel,'a major-. 
difference from VideoteX systems where  information  and -carrier Serviées 
are provided by different groupa'so far. (Pye -1978):. 

Videôtex DevelopmentS'Internationally 

In addition to the Canadian development, Telidon, there are 
similar developments in two-way,inforMation retrieval internationally. .. 
The British Post Office developed:Prestel (originally called Viewdata). 
and is currently undergoing a market trial plannectto a total of  
1600 users. Public  service  is due to Start in the spring,of 1979. 
They hope to have  250,000 pages of info -imitation:available by- that time 
with almost200 independent:companiep . providing:the  information. 

The French Titan system, a telephone videotex service, uses a 
display system called r Antiope developed in French laboratories.' Still 
largely at the laboratory experimentalStage, field trials of Titan are-
planned for 1980. 

In Europe, the West German and the Dutch telephone authotities 
have purchased Prestel technology and other countries are showing an 
interest. Several companies in the U.S. are also interested. in Prestel 
technology. Japan has been developing seVeral videotex and teletext 
experiments with their own technology. 

The Canadian Videotex system, Telidon, is sparking interest 
internationally as field trials are planned. As of mid-febrtiary, 1979, 
Bell Canada, in cooperation with Torstar and Southam Press  has launéhed a 
field trial of their videotex system known as 'Vista' which will include: 
ekperiments with Telidon. Other trials are being planned,. in . codperation 
with the Department of Communications, by the Manitoba Telephone System, 
Alberta Government Telephones, the Ontario Educational CoMmunications 
Authority, Telecable Videotron in Montreal, and Grand .River Cable who 
plan to launch a teletext trial. 

'TECHNICAL'ASPECTS*OrPROVIDING'INFORMATION'OWTELIDON. 

Visual Display:Characteristics 

The storage and communication of characters and graphics on Telidot, 
which is different from the British and French systems, influences the 
process of creating and displaying pages of information. The European 	. 
systems, both British and French,-transmit images in mosàié picture elements. 
A visual frame conaists.fcif,24 ArwabeliQ ,eharacters:.1n.the -.BritiSh'.'625-3:1112.e. 
TV format and 25 rows of 40 characters in the French aysteM. Graphic . images 
are made up of ,block graphic characters which become elements in a mosaic. 
In contrast, Telidon was.developed using a set of Picture Description Instructions , 
(PDI's) which describe the picture in terms of basic geoMetric elements: point, 
line, circule, rectangle, polygon, arc, :  bit by bit facsimile-Iike pictures, 
and text. This concept permits the growth of large information data bases 
which would not have to change to accommodate improvements in terminals 
or new communications media. (Bown et al. 1978) 
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Text on Telidon is, at present, limited by the North American 
525 line TV standard to 20 rows of 40 characters but better resolution 
visual displays will make this limit unnecessary. Colors for the Telidon 
display are limited at present to 8, including black and white, with 6 grey 
levels in addition. Many more colors are possible as the technology 
develops. 

Tree-structured Data Base 

Access to information data bases, at present, restricted to tree-
structure search techniques. Tree-structures have been developed first for 
Telidon, as for Prestel, because they  are  most economical of computer 
processing time. Telidon services are expected to be used by many more 
people simultaneously than even the most popular present data base, tinis 
economy of computer resources is important to keep response time to a 
reasonable level. 

The Tendon tree-structure has a general index page, page 0, followed 
by 9 more levels of pages. At each level there are 9 choices. There is also 
the possibility of a 1000-page sequential file at any point on the branch of 
a tree. The total capacity exceeds 1011  addressing possibilities, obviously 
an enormous quantity. Since the British, after more than a year, are just 
working up to 2 x 105  pages, we need not feel limited by space. There is 
also no reason for only one data base to exist. 

Each page in the tree has a single address and can be reached in 
two ways, through the branches of the tree that lead to it, or by addressing 
it directly. Adalphabetic index on a page of the tree-structure can be used 
to give page - addresses. It is also possible to return to page 0 from any 
page and proceed again through the tree and to move backwards and forwards 
one or more pages at a time throughout the data base. 

The Telidon technology provides potential for graphics and text 
display which will be limited mainly by the imagination of the page designer. 
The tree structure also providessfacility for a very large data base but 
limits the search procedure, at present, to choice of one out of 9 options 
at each level. 

..2zsinors_oAB UT INPORMATION PROVIDING 
The capabilities and limitations imposed by the Telidon technology 

for the visual display and the access to information pose some questions 
which the information science community may help to answer. In fact, I wish 
to present them as a challenge to Canadian information scientists to provide 
the necessary technical developments and the rational basis for judgements 
that will affect how Telidon is presented to us in our homes. 
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You might consider the issues at tWo levels: "What can be ' 
done with the technology as it stands today?" and from the user's 
point of view, how should we rank order the technical developmentsz 
that remain to be coipleted? Which will be MostAmportant  for  the 
user?" 

The issues for your consideration then are these: 

1. What information will best be presented with Telidon technology? 
2. What indexing system or systems should be used for the umbrella or ' 

routing pages of the tree-structure and can they be standardized?" 
3. How should users pay for information received on Telidon? 

InfOrmatiOn'Content  

Information for Telidon services to businesses and homes will be 
provided by organizations or individuals called Information.Providers (IPs). 
For Prestel, the British Post Office has taken the role of providing the 
channel for communication but not the content. IPs range from small to 
large companies  and  can be allocated up to 10,000 pages in the data base. 

In Canada, the carriers of communications will not be the government 
but it is not yet clear whether telephone or cable companies or both will 
be carriers. No  is it clear who will take the role of IPs. One of the 
major issues of the next few years will be what information to present .on 
Telidon. What will the user want to have access to on his Telidon screen? 
What kind of information would make the best use of graphics capability and 
the facility for having access instantly to rapidly changing information? 
What information will the user be willing to pay for?.  Should some information 
that he won't pay for be provided anyway? Will it replace oe,..anginenty,tÉe -newspaper 
and other publications? The only empirical information presently available 
comes from Britian where a magazine called the Prestel User's Guide is now 
being published. Far from replacing publishing, Prestel has stimulated 
another publication. Information provided on Prestel is a great variety: 
news, train schedules, information about restaurants, travel, theatre, 
insurance and many others. 

There are no data available yet from the British market trials' 	. 
'about what information is best liked by British users. When itbecomes 
available, it willbbe perused with a great care, however,.the desires Of 
the Canadian public for information are nornecessarily the saMe as thogeH 
of the British, and the Telidon'system with its 'techniCal.différencés MaY -
allow for different information. 

I think the information science community, with its experience  in 
 providing for the information needs and desires 6f the public in libraries', 

could make a contribution to the information content of Telidon. The, 
publishing industry has already shown an interest. The press (the Globe. 
& Mail, Southam,rTorstar, La Presse)  are actively pUrauing' an interest,in TeTeon 
trials. Education groups.are becoming interested. There are manY more H 
private and publically supported information Creators who could, contribute 
to Telidon content. 
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'of  Iifortht  ion 

A second set of questions arises from the tree-structured search 
available on Telidon at present. Given its limits, how should information 
be indexed for easy access by users? If a variety.of information data 
bases for Telidon are developed across the country, as seems likely, it 
would appear reasonable to have standard indexes so that a traveller may 
find what he is looking for in various parts of the country. Is It 
possible to develop an index or a set of indexes that would serve as a 
standard? Should there be such standards activity in progress now? 

Indexing of information can become especially important if it serves 
as a filtering device for a user. By selecting certain branches of a tree, 
the Telidon user may be exposed only to certain information, a very different 
process from browsing through a magazine. Will people be inclined to such 
filtering as they approachiinformation overload? (Science Council of Canada, 
October 1978) Can indexing or cross-reference systems be designed to avoid 
the potential negative effects of user selection? To my knowledge, none of 
the indexing questions has been addressed yet. 

Looking farther to the future, if the technology were to develop so 
that we were no longer limited to the tree-structure, what search structures 
would best suit users? What information would users have access to with 
different structures and how important would that be for them? 

Another set of future questions concerns query languages and their 
acceptability by the general public. User interaction with a tree-structured 
data base is very simple, requiring only a multiple-choice decision and the 
push of a few keys on a keypad. If more complex interaction is developed 
with full keyboards in every home, what query languages will be most suitable 
for the general public? 

Es....tLf..a. fell.don • Inf eilàiation 

Information is not free. Even the information in the public  library 
is paid for by our taxes. Nevertheless, there is a value in our society 
that information be available to individuals regardless of their ability 
to pay. Of course, that isn't all information, but at least most of the 
important archival information of our society is publically available. 
How, then, should a user pay for Telidon information? 

In Britain, Prestel began with a pay-by the page system, however, 
that was recently modified so users do not pay for index pages but only 
for final pages containing the information sought. There is an additional 
time-on charge which is less after 6 p.m. 
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For Telidon, if the index pages are free, then should payment bé • 

by the page only or by the minnte or SUffie Othér scheme? 

A related 'question has been posed by the Science Councirof Canàda 
(December, 1978) "Is information a commodity or is information a rightr.. •: 
If we paY by the page or minute., we treat  information as .a ,comModity?: 
Perhaps that will also  Influence  the type of information that we deem 
suitable for TelidOn. If we:pay with taxes and make  the. information free - 
to the individual, we treat information as dright and uphold Our value  -of' 
free access,to information by all  thé citizens. However, we may at the saine 

 time undermine a major sector of our economy,'the inlormation providers, . 
who market information to individuals for profit. 

• 
None of these questions :11AS been solVed. Some require technical 

development;- :indexing schemes and perhaps natural . languagé query modes 
can be developed. Some require reasoned analysis based on our previous' 
experience with other Media and market reséarCh , Ï. -the kind.  d1 - IgôrMatik5ri-thàt 
Should be presented on Tendon can be guessed at and otir concepts refined 
with market analysis and trials. ,SOme require ,,  debate as weli as reasoned: 
analysis of the Options; how the user Shouid.paY for Telidon information 
may be answered by debate or it may be left to the market . plaçe to decide.. . 
These are issues that will affect the qUality of Information to Which we: 
have accesS through Telidon in the .near future. 
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Telidon Videotex and User-related Issues

H. Bown, C. D. O'Brien, W. Sawchuk,

J. R. Storey, and W. C. Treurniet

Communications Research Centre

This paper was presented at the Conference

on Processing of Visible Language at

Niagara-on-the-Lake on 4 September 1979,

and will appear in the Conference

Proceedings.
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Videotex systems are interactive visual communication 

systems intended intially to permit public access to 

computer—based information sources. Pages of information 

from a data base can be selected by  •commands issued by the 

user via a key pad. The page is then displayed on the 

screen of a domestic television receiver. 

This paper discusses the problem of system 

flexibility with respect to picture description, and 

describes one solution which is the basis of the Canadian 

Telidon system. Various user—related issues concerned with 

requirements for the display of information and for the 

software interface are also presented. 
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Videotex is the generic name for information 

retrieval services that use suitably modified television 

receivers as the terminal display. Users of a Videotex 

system will be able to use a keypad or keyboard to instruct 

a data base computer at a distant location to send a 

particular image to the display. With current technology, 

the image must be mainly static, and may contain textual 

information, geometric drawings, or more complex photo—like 

objects. Communication with the data base computer will be 

mediated by telephone lines or other interactive networks. 

The Videotex concept is revolutionary in that the user has 

much more control than at present over what appears on his 

television screen. 

Pages of information are created for the data base by 

using more sophisticated terminal equipment. An individual 

using such a terminal can make information available for 

profit or as a means of advertising. 	In the first instance, 

a literary author may wish to use the service as an 

inexpensive publication medium. In the second, a store may 

wish to advertise its wares. Eventually, sales may even be 

concluded remotely using the system if barriers to 

electronic funds transfer can be overcome. 



12 

BOWN ET AL. 

As technology progresses, terminals may be able to 

communicate directly without mediation by a host computer. 

When the two displays each respond identically to 

instructions given at either terminal, they may be used as 

an "electronic blackboard" or as a means for playing a game 

such as chess at a distance. 

The service can improve the convenience and immediacy 

of activities such as reading newspapers, writing letters, 

advertising, banking, and playing games. Public access of 

information will be one of the first applications of a 

Videotex service since many of our activities are concerned 

with finding out about the state of the world around us. 

Further, the required technology for this application is 

well understood. Also, because an information retrieval 

service can satisfy many special requirements, it has the 

potential for attracting a sufficiently large market. 

The method of choice by Videotex proponents for 

accessing information is a tree—structured search technique. 

This approach was initially proposed and implemented by the 

British Post Office (Fedida, 1975). 	Its primary advantage 

is that it consumes the least computing resources while 

servicing a request for information. This is important when 

thousands of users are connected to the computer atone 
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time. The more the computer is required to do to service 

requests, the longer a person may have to wait to receive 

the desired page, and the less interactive the system 

appears to the user. As an example of searching through a 

tree structure, a user might select "real estate" from one 

menu page, which is then immediately followed by another 

menu listing the names of areas within the city. Selection 

of any of these choices results in display of another page 

with categories of real estate such as business or 

residential. Selections of items on this and subsequent 

menus may eventually lead to a description of a house at a 

particular address. This information could initially have 

been entered either by a real estate company or by an 

individual wishing to sell his own property. Either could 

be contacted further by individuals who were impressed by 

the description they so conveniently discovered. 

The Problem of Image Description 

Two different approaches to Videotex systems have 

evolved in several countries such as Britain, France, and 

Canada. They differ mainly in how the images are coded for 

storage in the data base and for subsequent transmission to 

the terminal display. The European systems are character 
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oriented which restricts the displays to fixed format 

textual messages and rudimentary graphic images. If their 

approach is adopted extensively, it will be difficult, if 

not impossible, to change to new communication methods which 

would allow the display of higher quality images. 

The adaptability of character oriented systems to new 

requirements is mainly constrained by the way an image is 

described. Images are transmitted as sequential pieces of 

picture consisting of 24 rows of 40 characters. Graphic 

images are similarly constructed from specially identified, 

coded graphic characters fitted together in a mosaic of 

picture components. This technique requires that the stored 

information includes information about the display terminal 

resolution. Thus, information banks would have to store 

multiple versions of an image to transmit to terminals with 

differing display resolutions. 

A Videotex system suitable for today's technology 

should be designed so that future modifications can be 

easily incorporated. To ensure this compatibility, images 

need to be described in the data base in such a way that 

they are completely independent of the data access 

procedure, of the characteristics of the communication 

medium, and of the display terminal construction. These 
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criteria are met by the Picture Description Instructions 

(PDIs) developed at the Communications Research Centre of 

the Canadian Department of Communications, and incorporated 

in the Telidon Videotex system (Bown, O'Brien, Sawchuk and 

Storey, 1978). Graphic images are described by PDIs in 

terms of the geometric shapes they contain. Only seven 

basic instructions, each followed by high resolution data, 

are needed to describe practically all graphic images. Four 

of the instructions define objects geometrically in terms of 

primitives consisting of lines, circular arcs, rectangular 

areas, or polygons. A fifth instruction indicates that the 

following data is in "bit" form, or photographic mode, for 

images where the structure cannot be defined by using the 

four geometric primitives. A sixth instruction defines the 

position of the object on the display. The seventh 

instruction is used for control. 	It usually sets a status 

register before other instructions are sent. For example, 

one function of the control instruction is to define the 

colour of an object. These seven instructions can describe 

all graphic images in a compact form for transmission to a 

terminal designed to interpret them. 

Another command is required to change from graphic to 

alphanumeric mode when text is to be transmitted, and back 

to graphic mode for transmission of non—textual information. 
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The alphanumeric mode is the default mode so that a subset 

of the PDI set can be used with simple terminals which 

respond intelligibly only to alphanumeric information. 

The proposed PDI codes can be of use only if the 

receiving terminal has the intelligence to interpret them 

and to fill the display memory with the appropriate 

contents. For this reason, the terminal must contain a 

microprocessor to perform the interpretation and generate 

the display memory code. The display memory itself may be 

either character or bit oriented. The European approach  las 

 to design character—oriented terminals. The Canadian 

Telidon terminal, however, uses the bit—map display .  memory. 

This means that every pixel on the display has a 

corresponding location in the display memory. The colour 

and brightness of a pixel depends on the contents of its 

corresponding memory location. This approach results in the 

need for considerably more memory than does the character ' 

oriented approach, with an accompanying increase iù cost. 

However, the increased cost must be weighed against the 

benefits of a much higher resolution display. Further, 

memory costs continue to decrease with advances in 

integrated circuit techniques. Figure 1 demonstrates the 

quality of graphics that is possible on the Telidon system 

using a display resolution of 240 by 320 pixels. 
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Insert Figure 1 about here 

The PDI code, which is the basis of the Telidon 

system, is an extensible code. As different uses for 

Videotex terminals are conceived, the code can be extended 

to incorporate new instructions that will facilitate such 

activities as generation of pictures and person—to—person 

communication with textual messages and graphic images. 

Picture Manipulation Instructions 'PMIs) are already 

envisaged for use by information suppliers. These will 

allow a user of a Telidon—like terminal to create pictures 

on his television screen and store the picture descriptors 

in a data file. Selective erasures will be permitted as 

well as additions and modifications to previously created 

images. Further instructions can be included to permit 

rotation, scaling and transposition of portions of a 

displayed image. Instructions may even be developed to code 

basic speech patterns so that speech can be synthesized to 

accompany displayed images. 

Graphie communication between individuals continues 

to be a subject for research at the Communications Research 
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Centre (Bown, O'Brien, Warburton, and Thorgeirson, 1975). 

Person—to—person image communication would be useful to any 

individuals desiring to discuss the merits of some kind of 

spatial organization. An example may be an architect 

discussing the plans of à building with a client.• 

Applications may also appear in the sphere of entertainment 

as games are adapted or developed to take advantage of the 

visual interaction capability.  •As long as the picture 

description technique is independent of the hardware 

employed, future technological developments need not 

threaten data base obsolescence. 

User—Related Issues 

Advances in consumer technology inevitably raise 

questions of what design is most appropriate for human use. 

Implementation of Videotex services requires consideration 

of issues related to both display of information and 

interaction protocol, as well as identification of the most 

appropriate services for the medium. 

Information display issues need to be addressed 

because the home television will be used to show static 

images rather than the dynamic images for which it was 
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designed. Most human factors data related to the display 

issues are not directly applicable to matrix televiaion 

displays. Either analogue television technology was 

employed, or an electronic display was not employed at all. 

There is no question that digital television displays have 

new and different characteristics that need to be studied in 

their own right. Further, the new technology provides the 

capability to do experiments that were previously difficult 

to do. 	It also permits economical use of some features such 

as colour. Since colour is expensive to manipulate using a 

paper medium, study of its full potential for coding 

information was not always feasible. 

A number of countries are negotiating international 

standards that will affect how information such as text is 

formatted on the display, and thus, will influence the 

acceptability of the medium. Standards proposed by any 

country should be supported by relevant empirical evidence. 

Accordingly, we are currently studying how legibility of 

text is affected by various display parameters related to 

the density of characters on a page. Our experiments will 

provide a basis for a proposal regarding the maximum number 

of characters on a row and the maximum number of lines on a 

page that is suitable for North American television. 

However, such a standard may be applicable only under well 
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defined conditions. For example, the optimum character 

density may be different for monochrome and polychrome 

television displays, for RF and RGB input, and for 

dot—matrix and in—line picture tubes. It may be different 

when proportional character spacing is used than when such 

spacing is not  used 	Other environmental factors such as 

ambient lighting, viewing distance, image contrast (both 

luminance and colour contrast), and screen size may also 

influence the optimum character density with respect to 

readability of text. There is also evidence that the 

dependent measure employed can drastically influence the 

conclusion of an experiment on display characteristics. 

Specifically, speed of reading has been shown to improve as 

character size decreases, while search time for a target 

character randomly located in two—dimensional space has been 

shown to decrease as character ,  size increases (Snyder and 

Maddox, 1978). Thus, it may be that one character size is 

most appropriate for continuous text and another for graphic 

annotation. What appeared at first glance to be a simple 

question about the optimum number of characters per line and 

the optimum number of lines on a page, has become much more 

complex since various other factors must be simultaneously 

considered. 
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There are other display issues that are not directly 

relevant to implementation of international standards for 

Videotex. However, they are important from the point of 

view of user acceptance of the medium. Specifically, the 

relative merits of low versus high resolution displays 

should be examined considering the cost differential 

involved. There may well be a point above which further 

increases in resolution are inconsequential for most 

applications. Further, very little work has been done on 

the optimization of a lower case character set for 

dot—matrix displays. A number of upper and lower case fonts 

differing in size and shape need to be designed and 

evaluated for use by information providers. Design 

principles need to be established so that information 

providers can create comprehensible and pleasing pages of 

information. Readability can be facilitated by appropriate 

use of colour and spatial organization on a page. Rules for 

psychological closure need to be made explicit so that an 

incomplete concept does not remain suspended when five to 

ten seconds must elapse before a new page is received. The 

utility of various ways of scrolling text also requires 

examination. 

Interaction protocol for information retrieval is 

another complex issue since it relates to data base 
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structure, querying language and mode, input devices, and 

the organization of information in people's minds. Data 

stored in a hierarchical or tree structure is more efficient 

to retrieve from a technical point of view in that the least 

computing resources are consumed. This is an important 

consideration since too slow a response by the host computer 

can destroy the interactive feature that is intended for 

Videotex services. But the usefulness of a fast response is 

debatable when  •the information content of such a response is 

minimal. Advancing through a long series of menu pages may 

be analagous to conversing with a person who answers quickly 

but who has a very limited vocabulary. Teasing out the 

desired message then becomes a laborious task. The tree 

structure is efficient technically, but it may be very 

inefficient from the point of view of the user who wishes 

retrieve information that has multiple attributes. Research 

in this area should be done given either of two assumptions: 

(1) the hierarchical approach is the only approach that is 

technically feasible, and (2) more sophisticated network 

structures are possible. 

Under the first assumption, the research should 

attempt to identify rules for organizing  information 

hierarchically so that there is the least ambiguity in 

people's minds regarding the correct path to take to arrive 
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at the information they desire. That is, do different 

people's cognitive maps appear more congruent with some 

hierarchical arrangements than with others? Under the 

second assumption, an interdisciplinary effort is required 

to define the characteristics of a system that is designed 

for the fastest possible response to requests for 

information searches. Here also, the structure of people's 

cognitive maps needs to be studied in a general way. This 

kind of knowledge may aid other specialists such as systems 

analysts to design the most efficient means of information 

retrieval from the viewpoint of the user. 

The language and mode (i.e., selective versus 

generative) of querying, and the design of the most 

appropriate input device are other relevant issues that are 

quite interdependent, and are influenced heavily by the 

1„ogical structure of the information in the data base. It 

is probable that a considerable proportion of potential 

users are unfamiliar with computers, and in fact, do not 

wish to learn a complex procedure for accessing information. 

If this is true, it is up to the system designers, and 

possibly the information suppliers, to simplify access to 

information while at the same time minimizing the time to 

receive the desired information. 

15 
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Finally, an issue which may ultimately,determine the,

viability,of Videotex services.in a market controlled.

economy, is the way that the medium i.s:used. The medium has

several characteristics that makes it''relatively unique. It

is interactive, it is network--based,-and it provides easy',

access to colour. These characteristics need to be

exploited so that the medium can be seen^as providing

services that are both us'e.ful and uni,que to particulâr

populations of users.
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It is a pleasure to attend your meeting this evening and to discuss with 

you some of the implications that Telidon and similar developments have 

for information science. Telidon has brought to the forefront many research 

questions about how electronic information services should be designed to be 

most acceptable to users. Technology is developing rapidy and design 

decisions will be made even without adequate research; decisions that will 

affect the user and the economy. Many of the questions concern how information 

should be designed and indexed for easy access by users, topics which are 

part of your everyday work. I hope this evening to convey to you some of the 

excitement we feel in this research and to enlist your help in finding the 

answers to the questions soon enough to have some influence on the technical 

developments of the next few years. 

Model of Telidon Research Issues  

Before discussing the specific research questions about design of 

information banks for Telidon users, let me present a general model of 

Telidon research issues which will help to lend  sonie perspective to the 

complexity of the questions. (Figure 1) The model shows how the various 

players in the development of Telidon interact and how each must consider 

the point of view of the others in makinâ decisions. It may also help 

to remind us that there are too many questions to answer and that choosing 

the right questions for research will be just as important as using the 

right methods. 
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Figure 1 



Telidon involves human,'ecônomic and'technical issues. No decision

can be made on-any of these issues without considering its impact.on.the*..`

others. Each of the issues provides its own possibilities and constrâints....

Technical developments have been leading the way by making môr.e things

possible each year. Bût technical developments depend on the economy and-

on the abilities.ând limitations of huma'ns.

Videotex technical develôpment must appeal to users.in order to.make

it economicaliy.viable so that development,costs can be recovered and

further technical development can'take place. Which technical developments`.

should come next will depend on user preferences and ôn,how much^can be

done in the economic circumstances in which we find ourselves.

The diagram depicts the interaction of these three aspects of.Telidon.

development and also the fact that changes are taking place.rapidly in the

technical and economic aspects. In many respects,'humans do not change

appreciably.over short periods of time. Human perception and cognitive

processing is relatively stable. Human's'desires for certain aspects of.

culture will change as learning proceeds so there is some account taken

of human changes in the model.

When we are considering which questions to study in detail it is

important to remember this aspect of change in the other related areas..

It may be interesting and important to know how humans react to a certain

piece of technology, but if that technology is replaced next year by some

other, the research may be obsolete very,.qûickly and we will:hâve wâsted our

time. We try to make research genéralizable beyond any one particular piéce of
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equipment but that is not always possible. We need to keep an eye on 

the future of the technology. 

Most people involved in the Telidon development come from a background 

which stressed one of these points of view, the technologists, economists, 

and social scientists. Yet each of the research questions involves at 

least two of the perspectives of the model. The model allows us to think 

of the research questions at the interface of two issues while temporarily 

ignoring the third. This strategy seems to be necessary in view of the 

complexity of the problems. 

As psychologists, much of our work is on the interface between the 

human user and the technology. While we know that our work has economic 

implications, we temporarily ignore them in order to define questions that 

are simple enough to study. Others work on the technical-economic interface 

and on the human-economic interface while temporarily ignoring the third 

point of the triangle. 

I believe that much of the work of information scientists has taken 

one or other of the dual perspectives of human-technical or technical-

economic. The remaining discussion will consider the questions that 

Telidon has posed on the human-technical interface, many of which are of 

direct concern to information scientists. 
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Telidon research questions on the Human-Technical Interface  

The interface between humans and communications technology can 

be studied at a number of levels. At one level, man's ability to see and 

hear imposes rather strict contstraints on technical design. Since these 

limits are well-known, few questions remain at this level. At another level, 

human ability to receive and process information and to respond manually 

or vocally also imposes limits and it is at this level that many of the 

questions are now arising. 	At still another level, human social and 

cultural needs and desires suggest directions for the development of 

technical communications. To a large extent the questions at this level 

of Telidon development are still somewhat vague, and need further definition 

before empirical research can proceed. 

Our thinking so far has concerned the human information processing 

level and to some extent the social and cultural desires ofr humans. There 

are three basic questions about Telidon development that I will try to 

describe and tell you where our thinking is at present. 

1. What information should be presented on Telidon for home users? 

2. How should a page of Telidon information be designed? 

3. How should a tree-structure or hierarchical index be designed? 

You can probably - see already that these are not -indePendent issues, 

the design of a hierarchical index depends on what inforMatiôn'is in - the 

data bank and the design of a page depends where it is to be placed 

hierarchy. 

the 
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1. What information should be presented on Telidon for home users?  

What we have done so far in creating a data bank for demonstration 

and research is to think of information that might be appealing to a 

fairly wide audience. We have then entered a sample of each type of 

information. The information bank now includes many categories: news, 

weather, sports, government services, historical data, consumer information, 

tourist guides, restaurant and entertainment guide, market place and 

business guide, employment service, games and cartoons, education on 

artificial respiration. 

Another type of information that we have thought  of but not created) 

 is a community information service which would give local events, clubs, 

social agencies, education facilities, laws, government services, and 

much other information. 

All of these servicesareinformation retrieval tasks. You are 

familiar with other electronic information retrieval services such as 

bibliographic data banks. To what extent should these be made available on 

Telidon? Should a closed-user group service be developed for a limited set of 

customers? In considering that question let me refer back to the model. 

There are questions of each of the interfaces. At the human-technical: 

Can bibliographic data searches be made simple enough that the untrained 

user can find what he wishes in his home without technical assistance. 

At the human-economic: Will enough people desire the service to make it 

economically feasible. At the technical-economic: Can the technical 
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interface be developed at a reasonable cost; There is 'much research to' 

be done befere we'will know Whether  prOviding bibliographidinformatiOn: 

retrieval services to  homes on Télidon isa  viable  servicé.-', 	' 

Telidon is constrained at present to a tree-structured data base 

by technical-economic considerations. This limit§ us to working with 

tree-structured information retrieval services just now. But again 

referring to the model, it is important to remember that changes on the 

technical-economic front will make available more sophisticated service 

offerings. When other structures become feasible for information retrieval; 

keyword searches or naturailanguage queries, we will again face the 

questions now posed by the tree-structure and the additional question of 

whether these other techniques represent an improvement over the 

tree-structure. The answer to the latter question is likely to be complex, 

with other search techniques providing better service for users for some 

types of information. 

There_are also serViCeSthat cannot be-classéd.as information retrieval', 

that . may:be:important appliCations:of:Telidon •Computeraided.instruction 

has been developing'for several : years . and a good deal of cOurseware'noW- 

exists. These require a full keyboardand a computer that will analyze the 

user's response and reply in a way that will increase learning. Most CAI 

programs have not used graphics and none have yet been written for Telidon. 

The questions we will soon face are: To what extent will people pay for 

CAI programs? How can we evaluate whether programs designed on Telidon will 

appeal to users? Can the technical development bring CAI to homes on 

Telidon be done within the constraints of economics? 
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Some thought has gone into the future of Telidon and CAI,Development

of the technical requirements for creating complex CAI courses for

Telidon is now taking place.

A similar analysis can be made for interactive games, a service that

will require the computer to perform analyses. Games in which the user

is at the helm of a system but can only control a few parameters, wilil:e.

many others are randomly determined, seem to be popular among computer

enthusiasts. Perhaps home users would enjoy them as well.

2. How should a page of Telidon information be designed?

The page designer must know in detail the limits and capabilities of

the Telidon system. At present a screen contains a maximum of 40 characters

by 20 lines or 800 characters; about 120 words. But a screenfull of text

is not very interesting. Graphics, color and format of the screen are

important in creating an aesthetically pleas"ing impression and in directing

viewers quickly to the important information. Telidon has 8 colours in

including black and white and an additional 6 shades of grey. We have

found that a page of mostly text, with more than three colours, looks

somewhat confused. The designer must decide on the colour of background

and text or graphics as well. The colours have different levels of brightness

and it appears that the most successful combinations of background and

text are those that provide the greatest contrast.

I
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Much of what typographers and graphics designers know about 

formatting of text and graphics has been developed for printed material 

and is not directly applicable to electronic publishing. Telidon requires 

a set of guidelines for use of space and use of colour and character 

fonts. We are at work now on an initial set of guidelines but it will 

be some time before we have the confidence of experience in this field. 

We have concentrated our research so far on problems such as how large 

characters should be and how they should be spaced to be most legible. 

We have data to show the ideal spacing of two sizes of character sets so 

far. Spacing parameters will be made a static part of the system so that 

page designers will not have to think about this problem. 

3. How should a tree-structure or hierarchical index be desi9ned?  

The information provider must also be aware of the limits and 

possibilites of the Telidon tree-structure. The present structure allows 

for 9 choices on a page and is 9 levels deep. There is also cross-referencing 

capabilitylnd 4ach page can also be addressed directly as well as through 

the tree. This basic structure leaves the information designer with several 

decisions to make. He must decide how many choices to put on each page of 

his index and how many levels deep to make the information. He may also 

put in documents of up to 1000 pages of sequential information. 'An analysis 

was undertaken at the Department of Communications to determine the optimum 

number of choices on a page. Taking account of the time to read the 

alternatives and the time to access each index page, the model calculates 

the number of choices on a page which will reduce the total search time to 

a minimum. According to this model, the optimal number of choices on a page 
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is from 3-6. More than 10 choices appear to increase the search time 

significantly. We have not yet tested this model empirically. 

Another decision the tree-designer must make is what categories to 

form and what labels to use for them in order to fit his material into 

a hierarchy. Such tasks are often assisted by the use of a thesaurus. We 

have looked at various thesauri to see what assistance they might be 

but in most cases they are only 2 or 3 levels deep and in any case the 

inforffiation covered does not seem to suit the material we have decided to 

enter into the demonstration data base. We have looked also at how 

these thesauri were formed with a view to forming our own. However, it 

seems that most of them were formed from previous lists of terms used 

or from a well-known set of information which has a fairly constant set 

of categories established,such as a newspaper. 

In creating the Telidon data bank we have no such established set 

of information. The data bank has grown as we thought of new information 

to add. As necessry, we have added categories above the information as 

it was created and we have created new information lower in the tree to 

fill out the obvious related categories. It is like building a tree from 

the middle by going in both directions at once. This does not necessarily 

produce an orderly structure. We have now begun to study the tree-structure 

of the demonstration data base to see where people make the most errors in 

attempting to find information'. By studying small questions that we can 

-- 	• answer quickl ) we hope to see hOw the:tree= -§tructure works and to learn to -make 

some generalizations about how to build a successful tree-structure. 
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In conducting these studies we have considered some of the measures 

of information retrieval systems found in the information science literature. 

Measures of recall l , precision 2 , and the novelty ratio3 
 have not been useful 

because they assume that the user is searching for a set of documents. 

For Telidon, we have assumed that the user is searching for ,a  single document. 

We have thus used measures suchas time to reach relevant material, number of 

errors, and attitudes of users. If our data bank were larger, it might be 

reasonable to assume the user would look for a set of documents rather than 

just one. The question of appropriate measures to evaluate Telidon data 

banks is still very much open. 

Part of the effort to understand how to create a Telidon hierarchical 

data base is to determine whether it is possible to have some standard 

form of such data banks. A standard data bank structure across the country 

would allow people to know where to look for information if they moved 

from one part of the country to another. While this seems on the surface 

like a good idea, a real understanding of how to proceed to set such a 

standardor what a standard would consist of,has eluded us so far. Perhaps 

a standard would consist of a thesaurus or of several thesauri,or perhaps 

it should consist of a set of guidelines about how to organize the information. 

I recall proportion of the relevant material contained in a data base that 
is recalled in a search. 

2 precision proportion of material recalled in a search that is relevant. 

3 novelty ratio proportion of items retrieved and judged relevant by a user 
of which he was not previously aware. 
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This effort to prepare hierarchical data bases may have only a short 

useful life. If technology develops quickly so that we may use network, 

keyword and natural language structures, these efforts may become obsolete. 

But the remaining question, after the new technology becomes feasible, 

is whether users will still want a hierarchical data bank or whether the 

newer methods are more suitable for users. The answer may depend on the 

type of information contained in the data bank. And here we have come 

full circle to the original problem of what information is to be presented 

on Telidon. 

In summary, in each area of Telidon development, the human, 

technical and economic factors interact in complex ways. Work on the 

human-technical interface has centred on how the technology relates to 

human capacity for information processing. The major questions to be 

decided in the near future are: what information should be provided on 

the Telidon system, how should a page of information be designed and how 

should a hierarchical data base be developed when it is not clear at the 

beginning what information will be put into it. 

Within a few years, it will be important to know whether users want 

to use search structures other than hierarical, whether other services such 

as computer-aided instruction and bibliographic data bases will be useful 

applications of Tel idon. 

All of these are complex questions and important to the future of 

Telidon and the electronic information industry. I hope you will want to 

participate in finding the answers to them. 
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Summary

The planned intrôduction of videotex-.,ser.vices. in. a

.number of countries requires:that an inte.rnationa.l standard

benegotiated concerning the spacingbf.characters. and line's

on a television display. This paper sugg-ésts appropriate

values for the spaée -tetween 6 X 7-charaCtérs both 'WY'izontâl^ÿ .'

and vertically, as well as the distanëe.by which a descender;

bharacter protrudes below, the, line. Reeommendations are

based on human performance méasures obtairied from a letter,

search task. When the environmental- conditions present

during the experiment are a-pproximated,:the recommendations

are as follows:

(a) Vertical Spacimg

The recommended space between lines is three pixels.

(picture elements) if reading speed is important..

Reading accuracy is not affectedby the.space between

lines.

(b) Horizontal Spacing

The recommended spac,e between adjacent character.s is

two pixels.
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(c) Descender Length 

The minimum distance that a descender should protrude 

below the line is one pixel. Descender characters 

that do not descend below the line were judged 

unsatisfactory. 

The above recommendations can be easily translated 

into number of characters on a line and number of lines on a 

page that has a height of 240 pixels and a width of 320 

pixels. When the 5x7 character matrix is increased in width 

by two pixels and in depth by four pixels, the result is a 

7x11 matrix. This size permits display of 45 

characters/line . and 21 lines/page. Unfortunately, the 

complete display area is usually not visible on domestic 

television receivers due to overscan. Studies made by 

others in the Department of Communications indicate that 

overscan is probably about 10% of the picture height and 

width. Consequently, the useful picture dimensions are 

reduced to about 216 pixels by 288 pixels. The 7x11 matrix 

size . permits display of 19.6 lines of 41 characters/line in 

this area. If slightly less overscan is assumed in the 

vertical direction (i.e., 8.3%), the recommendations permit 

display of 20 lines of 40 characters/line in the visible 

display area. 



A vertical spacing of one pixel reduces the matrix 

size to seven pixels by nine pixels. This dimension is 

required to display 24 lines of text per page. However, the 

results show that speed of reading is significantly reduced 

when only one pixel separates  successive  lines of 

characters. The reduced speed is evidence that greater 

effort was required. Thus, more reading fatigue is expected 

with 24 lines/page than with 20 lines/page. 

In conclusion, the experimental results indicate that 

40 characters should be displayed on a line of text, and 20 

lines should be displayed on a page. 	Further, the three 

pixels between successive lines can be used to create accent 

marks for a lariguage such  as French.  



A 	number 	of 	countries, including Canada, are 

currently introducing a type of videotex service to the 

public. This service permits a user, either at home or in a 

business environment, to view information received from a 

data base on a raster television display. Some of this 

information can be pictorial, but much of it will likely be 

in the form of text to be read. Because communication often 

crosses national boundaries, it is necessary that a common 

standard be agreed upon for the display of text pages. That 

is, when a page containing text is created in one country, 

the format should appear the same when that page is 

displayed in another country. An international standard 

should, therefore, address the issues of horizontal 

character spacing, spacing between successive lines, and the 

degree to which descender characters protrude below the 

line. Appropriate values for these parameters are suggested 

here based on behavioural measures obtained in the 

laboratory. 

Since people will be reading from the television 

display, the most appropriate measure appears at first 

glance to be a measure of reading rate or comprehension. 

Tinker (1965) reviews a number of studies that used speed of 

reading (SOR) as the dependent measure to evaluate ' various 

characteristics of the printed page. His experiments 

typically employed large numbers of subjects to compare such 
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characteristics as type font, page colour  and  ambient. 

 lighting. 	The Tinker Speed of Reading Test (1955) demanded. -  

little in terms of comprehension. 	Consequently, 

thought to be sensitive to chanées . in . 'perceptual'inPut.. 

More recently, Snyder and Maddox (1978) used a mddified forM 

of the same test to demonstrate --  the - effect on .reading. 

performance of variations in the'appearance of dot matrix 

characters drawn  on  a CRT display. Specifically, a larger 

matrix element size increased reading - time, a square element. 

shape reduced reading time relative to elongated shapes, and 

increases in the space/element size ratio increased reading 

time. However,› studies in our own laboratory' have found the 

SOR test to be insensitive to the effect of presenting text 

in upper or 'lower case either on paper or on e television 

display. Previous work comparing the effect of upper versus 

lower case on reading rate indicated that lower case text is 

read more quickly than upper case text at  normal  reading 

distances (e.g. Breland and Breland, 1944;  Pater s on  .and 

Tinker, 1946; Warren, 1942). Our failure to find the effect 

thus questions the reliability of the SOR test. 	At least 

some of the early work, as well as the Snyder and Maddox 

(1978) study employed between-subject designs whereas our . 

work used completely within-subject designs. 	Thus, our 

results may have been influenced by carryover effects. • If 
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the test is reliable only when used in a between-subject 

design, it is not an efficient tool with respect to the 

number of subjects required, and alternate methods should be 

considered when a large number of experimental conditions 

are to be tested. 

Another method that has been used to evaluate display 

quality employs a search task. The dependent measures in 

this case are the time to locate a specified target 

following presentation of the display, and the frequency of 

incorrect target identifications. The validity of search 

time as a measure of display quality for reading text is a 

question that deserves serious consideration. Snyder and 

Maddox (1978) show that manipulations of their independent 

variables affecting character size result in opposing 

effects on menu search time and reading time. Specifically, 

larger characters are identified more quickly than smaller 

characters when contextual aids are minimal, but are read 

less quickly when in the presence of a semantic context. 

Snyder and Maddox (1978) suggest that reading time is 

increased when characters are larger because more eye 

fixations are required to cover the larger area. On the 

other hand, search time is decreased when characters are 

larger because larger characters are more easily detected in 
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the 	visual 	periphery. 	These 	findings question the 

appropriateness of using a menu search task such as theiPs 

when 	one 	is 	interested 	in generalizing to reading 

performance. 

Although the search measure reflects the legibillty 

of 	individual 	characters, how it relates to reading 

performance will depend on how well the search 	task 

approximates the mechanics  of  reading and  on the importance 

of individual letters as'an• aid to'reading. Vamious other 

features at the word, ;syntactic and semantic leliels are 

available to experienced readers. and may facilitate  the 

 extraction' of meaning from print. This  is suggested by .the 

effect of destroying word shape by alternating  the  case of 

component letters, or de:stroying interword boundaries by 

filling or removing spaces between words. These 

manipulations detrimentally affect both reading.and search 

rate when the search target is a particular word (e.g. 

Fisher, 1975; Spragins, Lefton and Fisher, 1976; Fisher and 

Lefton, 1976). Further, Malt and Seaman (1978) demonstrated 

that improvements in reading performance when a particular 

filler was used to eliminate word boundaries was specific 

for that filler. That is, when it was replaced by a .filler -

with a different shape, performance fell drastically to its 
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initial level. This indicates that a letter by letter 

strategy is used when reading text without word boundaries. 

However, the result does not prove that a letter by letter 

strategy is used when reading normal text. In fact, Wheeler 

(1970) suggests that higher level features such as those 

found in digrams and trigrams probably aid in word 

recognition. 	Similarly, Dunn-Rankin (1978) reports that 

"letter combinations, either adjacent or separated in the • 

word, are important visual cues used in word recogni.ion". 

This conclusion resulted from analyses of word groups 

categorized in terms of similarity. However, the most 

dominant visual characteristic when comparing words was 

found to be the .beginning letter. 

Mason (1975) studied the effect of spatial redundancy 

in identification of letter symbols. Spatial redundancy was 

defined as "a correlation between distinctive features of 

letters and the positions they most frequently occupy in 

printed English words". Good readers were more sensitive 

than poor readers to the spatial redundancy of single 

letters in nonword letter strings. Further, good readers 

searched word anagrams for targets faster than they searched 

the words themselves if the anagrams were more spatially 

redundant. The confounding effect of sequential redundancy 
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was removed in another experiment (Mason and Katz, 1976) 

that used non-alphabetic symbols instead of letters. In 

this experiment, spatial redundancy was affected by 

controlling the probability of occurrance of a symbol at a 

particular location in a six symbol string. Here also, 

spatial redundancy was of more benefit to good readers • than 

to poor readers although both groups were equivalent in the 

no-redundancy condition. Thus, positional expectancy seems 

to be used by good readers over and above discrimination of 

visual features. It appears that single letter 

identification is a component skill of reading in that a 

letter must be identified before its location can be of some 

use. 

The preceding discussion is not all inclusive of the 

literature that may be relevant. However, it is sufficient 

to show that reading skill includes the ability to extract 

information from individual letters as well as combinations 

of letters in a familiar context. Thus, an evaluation of 

character and line spacing may be performed using the 

individual letter as the unit of analysis. Selection of an 

appropriate task is facilitated by considering (a) why 

spacing may have differential effects on perception, and (b) 

the mechanics of reading. 
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There is some psychophysical evidence that foveal 

sensitivity is not independent of events occurring in the 

visual periphery. For example, Breitmeyer and Valberg 

(1979) found that sensitivity to a test flash is reduced in 

the region of the fovea when the periphery is stimulated by 

an oscillating square-wave grating. Further, Mackworth 

(1965) reports that the addition of extraneous letters to a 

display severely affected a subject's ability to accurately 

compare a letter at the i'ovea with two letters presented in 

the periphery. Mackworth (1965) uses the concept of the 

"useful field of view" to interpret his finding. The useful 

field of view is centered at the fixation point. When there 

is too much information, the useful field contracts to 

prevent over-loading of the visual system. Therefore, when 

spacing between characters and lines is reduced, the size of 

the useful field of view should contract resulting in a 

slower scanning rate during reading. The slower rate would 

be a consequence of both reduced peripheral information and 

reduced foveal sensitivity. However, the increased number of 

characters within a given area would likely compensate for 

the effect of reduced peripheral information. 

A task suitable for studying character spacing on a 

page of text should be similar to a reading task where 
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multiple lines of characters are. present. The. normal

mechanics of reading English text suggest that the task

should involve left to right movements of the' fixation point

along the line of characters. If a search task were

employed with such a displaÿ, it would be possible to show

variations in scanning rate along a single line both in;

terms of distâ.nce traversed and chàracters read. Characters

may be processed more slowly when they are farther. apart

because a gréater distance must bé scanned. However,

scanning rate in terms of distance per unit time shôuld

increase as'character spacing increases in order to maintain

the rate of character processing. The distance scanned per

unit time should increase until the trade-off between

horizontal character spacing and speed 'of eye môvement

results in input of the maximum amount of âccurate

information with the least amount of effort. This point.

should, by definition,,be correlated with the lowest error

score.

The Experiment

The displays presented to each.of the ten subjects

who participated in the experiment wer:e similar to that

shown in Figure 1. The figure is a photograph of a
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television screen and shows the 5x7 character set employed. 

The letters in the display were selected randomly by a 

computer algorithm from the entire lower case alphabet. The 

critical line to which the subject was required to attend 

was marked in the left margin by a "plus" symbol. Because 

the length of the descender on the letters "g", 949 	Uptl ,  
4 

and "y" was a variable of interest, these five letters 

were selected as the search targets. The first letter in 

the critical line was always one of these five letters and 

indicated to the subject at the beginning of each trial 

which letter was the target. The subject's task was to 

immediately scan the critical line for the next occurrence 

of the target . letter. When that letter was located, the 

subject was asked to say the immediately following letter. 

In the figure where the target is the letter "q", the 

response would be the letter "v". The subject was further 

requested to scan the line only once. If the end of the 

,line was reached without identifying the target letter, the 

subject was requested to give the end letter as his 

response. The target letter occurred only once on the 

critical line following the initial cue, and the two 

indicated response letters were also unique in that line. 

The subject was further instructed to attempt to regulate 

his scanning rate so that targets were missed on no more 

q IT 
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than 10 percent of the trials. Display onset was relatively 

instantaneous and activation of a voice switch by the 

response resulted in erasure of the display. Response time 

was measured to the nearest msec and the actual response was 

entered at the computer console by the experimenter'during 

the three second inter-trial interval. 

The 5x7 character matrix spanned 10 picture elements 

(pixels) horizontally and was displayed on 14 television 

scan lines vertically to minimize the flicker that would 

result from displaying each dot of the matrix on only one 

field of the television frame. During the experiment, a 

Conrac Model RRN 19/C 19 inch colour television monitor was 

employed. This monitor has circular phosphor elements 

arranged in the usual triangular pattern. The letters were 

always displayed in white on a colourless background. The 

white colour was calibrated at a colour temperature of 6500 

degrees and the display intensity when fully illuminated was 

adjusted to be 14 foot lamberts. Ambient room lighting was 

approximately 34 foot candles. 

The subject was seated approximately four fee t .  from 

the display without a head restrainer. A page was displayed 

to facilitate explanation of the - task by the experimenter, 
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and then 10 trials were presented for practice. 	The 

experiment itself was a 3x3x3 within design with length of 

descender, horizontal spacing and vertical spacing as the 

three factors. Length of descender refers to the amount of 

protrusion below the line by descender characters and was 0, 

1 or 2 pixels. Both vertical and horizontal spacings were 

1, 2 or 3 pixels. Therefore, the total design consisted of 

27 cells. 	Each of the five target letters was presented 

twice in each experimental condition. 	The 27 conditions 

were randomly ordered within each of 10 blocks of trials. 

Thus, the total number of trials for a subject was 270. 

Because the session lasted about 35 minutes, a short pause 

was permitted fallowing the 135th trial. 

A repeated measures analysis 	of 	variance 	was 

performed on each of three dependent variables: (1) 

frequency of misses, (2) scanning rate in characters/sec, 

and (3) scanning rate in pixels/sec. Analysis of frequency 

of misses showed a significant effect due to horizontal 

spacing (F(2,18)=5.598, p<.05), and an effect due to length 

of descender (F(2,18)=15.944, p<.01). No interactions were 

significant. Analysis of scanning rate in characters/sec 

showed a significant effect due to 	vertical 	spacing 

(F(2,18)=5.374, 	p<.05), horizontal spacing (F(2,18)=42.720, 
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p<.01) and length of descender (F(2,18)=15.745, p<.01)...: 

interactions were significant. Analysis of scanning . rate,in 

pixels/sec showed- a significant effect due_ to vertical 

spacing (F(2,18)=5.60, p<.05), ' horizontal • spacing. 

(F(2,18)=205.325, p<.01), and làngth of desbender 

(F(2,18)=18.321, p<.01).., Figures 2, 3, and 4 show the meààs 

corresponding to the above effects. Table 1 shows the 

proportion of the total variance explained by each of the 

significant effects. 

Table 1 

Percentage of Total Variance Explained 

Variable 

Vertical 
Spacing 

Horizontal 
Spacing 

Descender 
Length 

Character 
per sec 

1.3 . 

7.2 	 3.2 

Pixels 
per sec 

1.1 

•16.6 

3.2 

• The statistical significance of differences among the 

means was tested using the Newman-Keuls procedure (Winer, 

1962). 	A "non-descending" descender character resulted in 

significantly more misses than did descender lengths • of • one 

or 	two 	pixels. 	There was, however, no significant 
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difference between the latter two 	descender 	lengths. 

Similarly, the lack of a descending component was related to 

a significantly slower scanning rate than were descender 

lengths of one or two pixels. Again, there was no 

significant difference between the latter two descender 

lengths. These findings suggest that the descending 

component of a descender character should protrude below the 

line by at least one pixel. 

The reason for the effect of &escender length is 

probably straightforward. That is, a descender that 

protrudes below the line by even one pixel is a distinctive 

enough cue to facilitate the accuracy and speed of detection 

of that character, given that a descender character had a 

less than .2 a priori probability of occurring. 

The amount of space between lines of characters 

appeared not to affect the frequency of missed targets. 

However, there was an effect on the rate of scanning the 

line. That is, a vertical spacing of three pixels resulted 

in significantly faster scanning of the line than did 

spacings of one or two pixels. There was no significant 

difference 	between 	the latter two conditions. 	These 

findings permit some leeway in judging what the minimum 
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spacing should be. Specifically, if scanning speed is not a 

requirement, it appears that the minimum spacing of one 

pixel is adequate. However, if the faster scanning i $ a 

criterion, a spacing of at least three pixels should be 

maintained between lines. If the faster scanning occurred 

because less effort was necessary  to  identify letter 

features, it may be that lines of text separated by at least 

three pixels are less fatiguing to read than lines separated 

by one or two pixels. 

It is not immediately obvious why the spacing between 

lines should affect the rate of scanning in the horizontal 

direction. It is possible that the reduction in the density 

of visual "noise" in the periphery  •that results from 

increasing the spacing between lines, enlarges the "useful 

field of view" (Mackworth, 1965). If the useful field of 

view is enlarged in at least the horizontal direction, 

increased use of peripheral information in the direction of 

scanning might result in faster scanning rates. 

A space of one pixel between characters on a line 

(horizontal spacing) resulted in significantly more misses 

than did spaces of two or three pixels. There was no 

significant difference between the latter two spacings in 
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the number of search targets missed. Analyses of the two

rate measures showed that all three spacings were

significantly different from each other. However, the

number of characters scanned per second decreased with

increasing spacing, while the number of pixels scanned per

second increased with increasing spacing. Obviously, the

highest character rate occurred at the smallest spacing

because the most characters were squeezed into a unit

distance. When the spacing between characters was

increased, the average eye movement velocity, reflected by

the pixel per second measure, also increased. However, the

increased rate of eye movement did not become sufficiently

high to maintain.the rate at which characters were processed

at the smallest spacing. This is shown in Figure 5 where

the dotted lines show the number of characters that should

have been processed per second if the rate of eye movement

had remained the same as it was with a horizontal spacing of

one pixel or two pixels. The significantly increased number

of missed targets at a spacing of one pixel may be taken as

evidence that characters were being processed at too high a

rate. Therefore, the miss frequency data suggests that a

space of at least two pixels should separate characters to

maintain accurate letter identification. A further increase

in spacing will significantly increase the velocity of eye

I
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movements, but will nevertheless result in ‘a reduced rate of 

input of characters. The latter , is an important point for 

it is characters and not distance per se that yields 

information during reading. 

The effect of horizontal  spacing on rate of  Scanning 

characters can be attributed to the change in density of 

characters within the fixation area as horizontal spacing is 

varied. The high 'density with the shortest spacing appears 

to demand an undesirably high processing rate as indicated 

by the accompanying higher miss frequency. The density at 

the intermediate spacing does not appear to be excessively 

high however. If it were, the significant increase in rate 

of eye movement should not have occurred. Further, the miss 

frequency 	begins to asymptote around the intermediate 

horizontal spacing employed. 	Therefore, the recommended 

minimum horizontal spacing of two pixels probably arises 

from a limitation on the rate of 	human 	information 

• transmission. This conclusion suggests the need for caution 

in applying the recommendation for horizontal spacing,from 

this experiment to a page of text with all its redundancies 

and higher order features. When the unit of analysis during 

reading can vary from the single letter to the word or , 

phrase level, the effect of a space of only one pixel 

between characters may be undetectable. 
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Conclusions 

Recommendations 	regarding 	the 	minimum required 

spacing between characters and between lines, and the 

minimum required distance that a descender character should 

protrude below the line, can be made from the speed and 

accuracy data obtained in this experiment. The 

recommendations are relevant for the presentation of text on 

a television display when the reading distance is 

approximately four feet, the characters are designed on a 

5x7 dot matrix, the character matrix spans 14 television 

scan lines, and the phosphor elements are round rather than 

oblong. The recommendations apply to the display of text 

since other literature indicates that letter identification 

is a significant component of reading skill. The 

recommendations are as follows: 

(a) Vertical Spacing 

The results indicate that accuracy is not influenced 

by the space between lines even when it is as little 

as one pixel. 	However, letter reading speed, and 

possibly 	ease 	of 	reading, 	can 	be 	improved 

significantly 	by increasing the space to three 
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pixels. Therefore, the recommended space between 

lines is either one or three pixels depending on 

whether or not reading speed is an important 

criterion. This recommendation is independent of the 

chosen length of descender. An additional advantage 

to using a separation of three pixels is that space 

is provided for accent marks for a language such as 

French. 

(b) Horizontal Spacing 

A space of two pixels between successive characters 

on  •a line is recommended. 	Less than two pixels 

results in significantly more errors in 	letter 

identification, while more than two pixels causes an 

unnecessary reduction in the rate of information 

input. 

(c) Descender Length 

It is recommended that the descender component of a 

descender character should protrude below the line by 

at least one pixel length. Descender characters that 

do not descend below the line are missed 
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significantly more often and are identified more 

slowly. A descender length of more than one pixel 

does not improve performance significantly. 
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Character Sets for Videotex Field Trial Terminals 

W.C. Treurniet & C.D. O'Brien 

Communications Research Centre 

Ottawa, Ontario 

November 1979 

Summary 

The Behavioural Research Group at the Department of 
Communications examined a number of character set parameters 
in order to select those most appropriate for RGB and composite 
video input. Two English and two French character sets were 
selected for use in field trial terminal specifications, and close 
to optimal character spacings were suggested to accommodate both 
readability factors and design decisions based on economic 
considerations. It was also recommended that proportional spacing 
and increased character spacing be specified when word oriented 
free format text mode is in effect. 
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1. Character Sets for Field Trial Terminals 

The design of characters and their organization on a 
page has been studied by the Behavioural Research Group of 
the Department of Communications (Treurniet, 1979a; 
Treurniet, 1979b; Treurniet and Latremouille, 1979). The 
aim was to define system parameters that result in the most 
readable text on the home television receiver to be used in 
Canadian videotex field trials. It was found that quite 
different 	character sets and spacings were needed to 
compensate for differing system limitations when 	the 
technology was varied. 

When the appearance and organization of text can be 
ignored immediately following the extraction of meaning, it 
is said to be transparent. Conversely, anything that 
interferes with our reading habits, contributes a measure of 
opacity to the text (Roudiez, 1978). Unless the opacity is 
intended, as in some forms of artistic expression, it  Vs  
desirable to minimize it so that the reader's full attention 
can be directed toward the task of Comprehension. Opacity 
can result from among other things, unexpected or 
unaesthetic appearances of letters, words and sentences on 
the page. Therefore, a page of text on Videotex should be 
printed using a character set that compensates as much as 
possible for the . limitations inherent in the medium. 

Several 	experiments 	and 	demonstrations 	have 
identified character sets that are most appropriate for the 
two different video input modes that are being proposed for 
videotex systems. Composite video and RGB video are two 
types of video signals that have markedly different effects 
on displayed information. Relative to the RGB input signal, 
the composite video signal degrades the image by imposing 
limitations on both colour representation and resolution. A 
change in colour from one area to another causes 
scintillation along the vertical contour between the two 
areas. This effect is difficult to preVent given the way 
that colour is decoded from the composite video signal. The 
bandwidth restriction imposed by the NTSC television 
standards inhibits brief luminance changes that are required 
to adequately display vertical lines of one pixel width. 
The CSA-1 (English) and CSA-2 (French) character sets 
(equivalent to ISO 646) described below and shown in the 
figures in the appendices, are recommended for chromatic and 
achromatic RGB displays and achromatic composite video 
displays. Implementation of proportional spacing is 
required when using character set CHSET 7 described below, 
and it is strongly recommended for use with all character 
sets in word oriented free format text mode. 
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There may be technical and econômic tradeoffs between
the manner in'which a terminal is constructed and the best
character set specifications. The following descriptions
present the most desirable specifications from the point of
view of legibility. A subsequent section takes these
tradeoffs into accôunt and recommends practi"câlly realizable
specifications for field trial.terniinâls.

RGB VIDEO

CHSET 1: This CSA-l character set uses a 5x8
character matrix. It énablés display.
40 characters/liric and 20 lines/page.
Thebôtton row of pixels in the matrix
is used only-by descender characters.
It.is recommended that't'ext be displayed
with two pixels separating charactér,,
matrices horizontally and three pixels
sepârating matrices verticâlly.

CHSET 2: This CSA-2 character set uses*a 5x11
character matrix that enables display
of 40 characters per line and 20 lines
per page. The bottom row of pixels in the
matrix is used only,by descender characters,.
while the top. three rows sepérate the
character from the character on the line
above. The same three rows of pixels at
the top of the matrix are used to draw
accents on 10 upper case accented characters,
and the second, third and fourth:rows are
used to draw accents on 10 lower case
accented characters. It is recommended
that text'be displayed with two pixels
separating'character matrices horizontally,
and no space separating matr.ices vertically.

CHSET 3: This CSA-l character set uses a 7x11
character matrix. It enables display of
32 characters/line and 16 lines/page. The
two bottom rows of pixels are used only by
descender characters. It is recommended that
text be displayed with two pixels separating
character matrices horizontally, and one
pixel separating matrices vertically.

CHSET 4: This CSA-2 character'set is the same as CHSET 3
except that 10 non-alphabetic character. s
are replaced by accented lower case characters.
Accents are placed on the two top,rows 'of the

I
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I
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a
I
I
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matrix. It is recommended that text be 
displayed with two pixels separating 
character matrices horizontally, and one 
pixel separating matrices vertically. 

COMPOSITE VIDEO 

CHSET 5: This CSA-1 character set is similar to 
CHSET 3. It differs in that all components 
of characters, as well as spaces within 
characters, are at least two pixels wide. 
The extra width compensates for the restriction 
in bandwidth of the composite video signal. 
Most characters in this set use 
only six of the seven columns of the character 
matrix. Therefore, in spite of the bandwidth 
restriction, it is recommended that text be 
displayed with two pixels separating matrices 
horizontally, and one pixel separating matrices 
ver tically.  

CHSET 6: This CSA-2 character'set is similar to CHSET 5 
in that all character elements are at least 
two pixels wide. The accented characters 
are similar to those of CHSET 4. It is 
recommended that text be displayed with two 
pixels  separating matrices horizontaly, and 
one pixel separating matrices vertically. 

CHSET 7: This character set was created to improve 
the appearance of two letters in CHSET 5 
and CHSET 6. In those character sets, the 
seven columns were insufficient to properly 
widen the vertical components of the letter 
m and w. Therefore, CHSET 7 was designed using 
a 10x11 matrix. The letters m and w in both 
upper and lower case were designed using 
all ten columns of the matrix. All other 
characters use only six columns as in 
CHSET 5 and CHSET 6. Because the majority of 
characters in CHSET 7 leave four columns of 
the matrix unused, these must be removed 
when text is displayed by implementation of 
proportional spacing. 

CHSET 8: This CSA-2 character set uses a 5x9 
character matrix that enables display of 
40 characters/line and 20 lines/page. 
The bottom row of pixels in the matrix is 
used only by descender characters, while 
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the top two rows are used to draw accents 
on 10 lower case accented characters. It 
is recommended that text be displayed with 
two pixels separating character matrices 
horizontally, and two pixels separating 
matrices vertically. 

Three levels of system implementations are implied by 
these character sets. At the lowest level, the terminal 
outputs only composite video. In this case, CHSET 5 and 
CHSET 6 should be  used.T  t the next level, RGB output is 
available for television sets equipped to receive RGB. This 
configuration could use CHSET 1, CHSET 2, CHSET 3, CHSET 4, 
and CHSET 8. The third level would permit proportional 
spacing. When this capability exists in terminals that 
output composite video, CHSET 7 should be used in free 
format text mode. 

Colours having adequate luminance contrast can be 
used to display text on RGB displays. However, the use of 
colour to display text on composite video displays results 
in considerable display instability and is not recommended. 

2. Recommendations Cbnsidering 'Technical and EconoMic Factors 

There is general international agreement that a line 
of text should contain 40 characters. This has been  •shown 
to be possible on only RGB systems. Composite video systems 
require larger characters due to the bandwidth limitation. 
The reduced number of scan lines available on an NTSC 
television signal makes it necessary to use less than the 24 
or 25 lines of text proposed for European television 
systems. The maximum desirable is 20 lines. With composite 
video, a character set proportionally larger by a factor of 
1.5 should be used (16 lines with 32 characters per line). 

Behavioural studies have indicated that the space 
between 5x7 characters should be two pixels horizontally, 
that the matrix height  • be. extended to eight pixels to 
accommodate descenders, and that three additional pixels 
separate adjacent rows of charaCters. These dimensions 
Would permit 20 lines of 40 characters/line to be displayed 
if there were 220 by 280 addressable points on the display. 
Similarly, the space between 7x9 characters should be at 
least two pixels horizontally, the matrix height should be 
extended to 11 pixels to accommodate- descenders, and one 
additional 'pixel should separate adjacent rows of 
characters. These dimensions would permit 16 lines • of 32 
characters/line to be accommodated on a display with 192 by 
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288 addressable points. Thus, in order to employ the most 
desirable spacings between characters and to allow for 
television overscan, the full display capability of 240 by 
320 addressable points must be utilized to display the 
maximum text densities agreed upon internationally on other 
grounds. 

However, it was decided on the basis of economy to 
limit the size of the television bit map memory to 200 
pixels vertically and 256 pixels horizontally. This 
decision requires that adjustments be made either to the 
maximum number of characters to be displayed on a page, or 
to the spacing between characters. The reduction in 
available display area was due to the expense of display 
memory. Since the cost of memory is continually decreasing, 
this technical limitation may be relatively temporary. 
Therefore, it was decided to reduce the spacing between 
characters to a sub-optimal but acceptable compromise rather 
than reduce the number of characters on a line. 

To meet the specifications for text density, CHSET 1, 
CHSET 8, CHSET 5, and CHSET 6 were chosen as character 
specifications for field trial terminals. CHSET I will have 
a space of one pixel horizontally between character 
matrices, and a space of two pixels vertically. CHSET 8 
will have the same horizontal spacing, but the vertical 
spacing will be only one pixel since the other pixel is 
included in the character matrix to facilitate drawing of 
accents. CHSET 1 and CHSET 8 are intended for use by RGB 
systems only. 

CHSET 5 and CHSET 6 are intended for both RGB and 
composite video systems. Due to the constraints on display 
area, both horizontal and vertical spacing will be one 
pixel. 

The requirement for 40 characters per line only 
applies to annotation text where the characters must 
maintain a fixed spatial relationship to the rest of the 
display. Word oriented free format text offers considerably 
more flexibility. In this mode, proportional spacing can be 
done by the terminal, and it is strongly recommended that 
the horizontal spacing between all characters be increased 
to two pixels. 
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APPENDIX A 

The figures in this appendix show the appearance of text 
using the eight character sets with the recommended spacings. The 
number in parentheses adjacent to each figure indicates the spacing 
employed. The first digit is the horizontal spacing in pixels, and 
the second digit is the vertical spacing. The type of video input 
signal is also indicated by "RGB" or "CV". 
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0123  API  natural cheese should  • ee 
kept refrigerated. Soft unripened 
cheeses, such as cottage, cream or 
Neufchatel, are perishable and 
should be used within a few days 
after purchase. Ripened or cured 
cheeses keep well In the 
refrigerator for several weeks If 
protected from mold contamination 
and drying out. The original wrapper 
or covering should be left on the 
cheese. The cut surface of cheese 
should be covered with wax paper, 
foil, or plastic wrapping material 
to protect the surface from drying. 
If large pieces are to be stored fo 
any extended length of time, the cut 
surface may be dipped In hot 

CHSET 1 (23) - RGB 
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6220 Les demandes relatIves aux 
renseignements sociaux augmentent 
rapidement. Par conséquent, nous 
sommes obligés de compter de plus en 
plus sur la bonne volont4 des 
personnes interrogées pour nous 
fournir ces renseignements. Les 
statistiques nationales dans les 
domaines de la croissance 
dèmographlque, de l'emploi, des 
aipenses des consommateurs, pour 
n'en nommer que quelques-uns, 
doivent être continuellement mise à 
jour. Les administrations fêdérale 
et provinciales, les municipalités 
et même les autorités locales 
recherchent l'approbation des 
lecteurs relativement aux 

ÇESPI 	 RG.P' 
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0321 All natural cheese 
should be kept refrigerated. 
Soft unripened cheeses, such 
as cottage, cream or 
Neufchatel, are perishable 
and should be used within a 
few days after purchase. 
Ripened or cured cheesm 
keep well in the 
refrigerator for several 
weeks if protected from mold 
contamination and drying 
out. The original wrapper or 
covering should be left on 
the cheese. The cut surface 
of cheese should be covered 

CHSET 3 ( 21) - RGB 
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0421 Les demandes relatives 
aux renseignements sociaux 
augmentent rapidement. Par 
conséquent, nous sommes 
obligés de compter de plus 
en plus sur la bonne volonté 
des personnes interrogées 
pour nous fournir ces 
✓enseignements. Les 
statistiques nationales dans 
les domaines de la 
croissance démographique de 
l'emploi, des dêpenses d 
consommateurs, pour n'en 
nommer que quelques-uns, 
doivent être continuellement 

CHSET 4 ( 21) RGB 
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8521 All natural cheese should be
kept refr igera#ed. Soft
unr ipened cheeses, such asa 91cottage, cream or Neufchatel,
are perishable and should be
used w ithin a few dans after
purchase. Ripened or cured
che-eses keep well in the
,refrigeratar far several weeks
if protected from M old
cantaninatian and drying out
Th e or ig inal wrapper or covering
should be left on the chee se .
The cut surface of cheese
should be covered w ith max
paper, fo il, or plast ic wrapping
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0521 All natural chee 
should be kept refrI9erated. 
Soft unripened cheeses, such 
as cottage, cream or 
Neufchatel, are perishable 
and should be used within a 
few days after purchase. 
Ripened or cured cheeses 
keep well in the 
refrigerator for several 
weeks if protected from mold 
contamination and drying 
out. The original wrapper or 
covering should be left on 
the cheese. The cut surface 
of cheese should be covered 
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0621 Les demandes relatives aux 
renseignements sociaux 
augmentent rapidement. Par 
conséquent, nous sommes obligés 
de compter de plus en plus sur 
la bonne volonté des personnes 
interrogées pour nous fournir 
ces renseignements. Les 
statistiques nationales dans les 
domaines de la croissance 
démo9raphique, de l'emploi, des 
dépenses des consommateurs 
pour n'en nommer que 
quel9ues-uns, doivent 6.tre 
continuellement mise à jour. Les 
administrations féd6rale et 

CH SE T , 6 ( 2 1 ) 	RGB 
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0621 Les demandes relatives aux 
renseignements sociaux 
augmentent rapidement. Par 
conséquent, nous SOM'« obligés 
de compter de plus en plus sur 
la bonne volonté des personnes 
interrogées pour nous fournir 
ces renseignements. Les 
statistiques nationales dans les 
domaines de le croissance 
démo9raphiqu•, de l'emploi, des 
dépenses des consommateurs, 
pour n'en nommer que 
quelluesomuns, doivent être 
continuellement mise à Jour 
administrations fédérale et 

CHSET 6 (4) - CV 
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9121 AII na  un  a cheese should 
be kept refrigerated. Soft 
unripened cheeses, such as 
cottage, cream or  Neuf  chatel  
are perishable and should be 
used within a few days after 
purchase. Ripened or cured 
cheeses keep well in the 
refrigerator for several weeks 
If  protected from mold 
contamination and drying out 
The original wrapper or 
covering should be left on the 
cheese. The cut surface of 
cheese should be covered with 
wax paper, foil, or plastic 

CHSET 7 (21) - CV 
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0822 Les demandes relatives aux 
renseignements sociaux augmentent 
rapidement. Par consèquent, nous 
sommes obligès de compter de plus en 
plus sur la bonne volont4 des 
personnes înterroggies pour nous 
fournir ces renseignements. Les 
statistiques nationales dans les 
domaines de la croissance 
démographique, de l'emploi, des 
dépenses des consommateurs, pour 
n'en nommer que quelquese-uns, 
doivent être continuellement mise à 
jour. Les administrations fédérale 
et provinciales, les municipalitês 
et même les autoritês locales 
recherchent l'approbation des 
électeurs relativement aux 

CHSET 8 (22) 	RGI3 
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APPENDIX B 

The figures in this appendix show the appearance of text using 
the character sets and spacings recommended for the field trials. The 
spacings permit display of 20 lines of 40 characters per line, or 16 
lines with 32 characters per line. Legends are as described in Appendix A. 
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0112 All natural cheese should be kept 
refrigerated. Soft unripened cheeses, such as 
cottage, cream or Neufchatel, are perishable 
and should be used within a few days after 
purchase. Ripened or cured cheeses keep well 
in the refrigerator for several weeks if 
protected from mold contamination and drying 
out The original wrapper or covering should 
be left on the cheese. The cut surface of 
cheese should be covered with wax paper, foi 
or plastic wrapping material to protect the 
surface from drying. If large pieces are to 
be stored for any extended length of time, 
the cut surface may be dipped in hot 
paraffin. Small pieces may be completely 
rewrapped. Mold which may develop on natura 
cheeses is not harmful, and it is easily 
scraped or cut from the surface of the 
cheese. The particular mold in the interior of 
such cheeses as Blue, Gorgonzola, Roquefort 

CHSET 1 (12) - RGB 
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0811 Les demandes relatives aux 
renseignements sociaux augmentent rapidement. 
Par conséquent, nous sommes obligés de 
compter de plus en plus sur ta bonne volonté" 
des personnes interrogges pour nous fournir 
ces renseignements. Les statistiques 
nationales dans les domaines de la croissance 
démographique, de l'emploi, des dgpenses des 
consommateurs, pour n'en nommer que 
quelques-uns, doivent étre continuellement mise 
à jour. Les administrations fe6cièrale et 
provinciales, tes municipalitês et méme les 
autoritès locales recherchent l'approbation 
des électeurs relativement aux politiques 
antérki' tires et des lignes directrices pour les 
politiques futures. Les enterprises de 
commercialisation, les sociWis de recherche et 
les spécialistes des sondages &lectorat« ont 
besoin de s'adresser, à maintes occasions, 
des échantillons des quelques 23 millions de 

CHSET 8 (11) 7 RGB 
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9511  API  natural cheese should 
be kept refrigerated. Soft 
unripened cheeses, such as 
cottage, cream or Neufchatel, 
. ri  perishable and should be 
used within a few days after 
purchase. Ripened or cured 
cheeses keep well in the 
refri9erator for several weeks 
if protected from mold 
contamination and drying out. 
The original wrapper or 
covering should be left on the 
cheese. The cul  surface of 
cheese should be covered with 
wax paper, foil, or plastic 

CHSE'f'- 5 	RGB 
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9511 All natural cheese should 
be kept refrigerated. Soft 
unripened cheeses, such as 
cottage, cream or Neufchatel, 
are perishable and should be 
used 'within a fi  days after 
purchase. Ripened or cured 
cheeses keep well in the . 
refri9erator for several weeks 
1f protected from mold 
contamination and drying out. 
The ori9inal wrapper or 
coverin9 should be left on the 
cheese. The cut surface of 
cheese should be covered with 
wax paper, foil, or plastic 



611 Les demandes relatives aux 
renseignements sociaux 
augmentent raiddement. Par 
conséquent, nous sommes obligis 
le compter de plus en plus sur 
la bonne volonté des personnes 
interrogées pour nous fournir 
es renseignements. Les 
statistiques nationales dans 
les domaines de la croissance 
démographique, de l'emploi, de 
dépenses des consommateurs, 
pour n'en nommer . que 
quelques«.uns, do i vent être 
continuellement mise à jour. 
Les admïnîstrations fédérale et 



0611 Les demandes relatives aux 
rensei9nements sociaux 
augmentent rapidement. Par 
conséquent, nous sommes obligés 
de compter de plus en plus sur 
la bonne volont6 des personnes 
interrogées pour nous fournir 
ces renseignements. Les 
statistiques nationales dans 
les domaines de la croissance 
démographique, de l'emploi, des 
dépenses des consommateurs 
pour n'en nommer que 
quelques-uns, doivent être 
continuellement mise à jour. 
Les administrations fédérale e 
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APPENDIX C 

The figures in this appendix show the effect of proportional 
spacing on the readability of text. The beneficial effect of increasing 
the horizontal spacing by one pixel is also shown. Again, the legends 
are as described in Appendix A. 



0112 All natural cheese should be kept 
refrigerated. Soft unrIpened cheeses, such 
as cottage, cream or Neufchatel, are 
perishable and should be used withIn a few 
days after purchase. Ripened or cured 
cheeses keep well in the refrigerator for 
several weeks if protected from mold 
contamination and drying  out The origInal 
wrapper or covering should be left on the 
cheese. The cut surface of cheese should 
be covered with wax paper, foil, or 
plastic wrappIng material to protect the 
surface from drying. If large pieces are 
to be stored for any extended length of 
time, the cut surface may be dipped in ho 
paraffïn. Small pieces may be completely 
rewrapped. Mold which may develop on 
natural cheeses Is not harmful, and it is 
easily scraped or cut from the surface of 
the cheese. The particular mold in the 

CHSET 1 (12) - RGB 



AII natural cheese shou d e .4ept 
rigerated. Soft unripened cheeses, 

such as cottage, cream or Neufchatel, 
are perishable and should be used 
within a • few days after purchase. 
Ripened or cured cheeses keep well in 
the refrigerator for several weeks if 
arotected from mold contamination and 
'r'ing  out. The original wrapper or 
covering should be left on the cheese. 
The cut surface of cheese should be 
covered with wax paper, foil, or plastic 
wrapping material to protect the 
surface from drying. If large pieces 
are to be stored for any extended 
length of time, the cut surface may b- 
dipped In hot parafehn. 	pieces may 
be completely rewrapped .  Mold which may 
develop on natural cheeses Is not 
harmful, and It is easily scraped or 

CHSET 1 (2,2) 7 RGB „„:: 



811 Les demandes relatïves aux 
renseignements sociaux augmentent 
rapidement. Par conséquent, nous sommes 
obligés de compter de plus en plus sur la 
bonne volonté des personnes interrogées 
pour nous fournir ces renseignements. Les 
statistiques nationales dans les domaine 
de la croissance amographique, de 
I 'emploi, des apenses des consommateur 
pour n'en nommer que quelques-uns, doivent 
être continuellement mïse à jour. Les 
administrations fêdêrale et provinciales, 
les municïpalitës et eme les autorités 
locales recherchent l'approbation des 
électeurs relatïvement aux politîques 
antérieures et des lignes directrices pour 
les politiques futures. Les enterprises de 
commercialisation, les sociAes de 
recherche et les spêcialistes des sondages 
électoraux ont besoin de s'adresser à 

CHSET 8 (11) RGB 
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0821 Les demandes relatives aux 
renseignements sociaux augmentent 
rapidement. Par consèquent, nous 
sommes obligés de compter de plus en 
plus sur la bonne volontg• des 
personnes interrogées pour nous 
fournir ces renseignements. Les 
statistiques nationales dans les 
domaines de la croissance 
démographique, de l'emploi, des 
dépenses des consommateurs ?  pour n'en 
nommer que quelques-uns, doivent être 
continuellement mise il jour. Les 
administrations fédérale et. 
provinciales ?  les municipalités et mé•'me 
les autoritès locales recherchent 
l'approbation des électeurs 
relativement aux politiques antérieures 
et des lignes directrices pour les 
politiques futures. Les enterprises de 

CHS'ET 8 (_21) - RGB' 



1151 1 AII natural cheese should be 
kept refri9erated. Soft unripened 
cheeses, such as cotta9e, cream or 
Neufchatel, are perishable and should 
be used within a few dale after 
purchase. Ripened or cured cheeses 
keep well in the refri8erator for 
several weeks if protected from mold 
contamination and drying out. The 
original wrapper or coverin9 should be 
left on the cheese. The cut surface 
of cheese should be covered with wax 
paper, foil, or plastic wrappina 
material to protect the surface from 
dryin9. If large pieces are to be 
stored for anu extended length of 

CH SE II"  5 ( 11) - RGB 
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8521 All naturel cheese
should be kept refr i gerated.
Soft unr i pened chee ses, such
as cottage, cream or
Heufchatel, are perishable
and should be used w i thin a
few dans after purchase.
Ripened or cured ctreeses,
keep well i n the
re#r i gera#or for several
weeks ï f protected froM n o t d
contam i nation and dr4 I ng
out , T he or i ginal wrapper or
covering should be left on
th e cheese. The cut surf a ce
of cheese ahou I d be covered
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0611 Les demandes relatives aux 
rensei9nements sociaux au9mentent 
rapidement. Par conséquent, nous 
sommes ob1i9és de compter de plus en 
plus sur la bonne volonté. des 
personnes interropées pour nous 
fournir ces rensewnements. Les 
statistiques nationales dans les 
domaines de la croissance 
démo9raphique, de l'emploi, des 
dépenses des consommateurs, pour 
n'en nommer que quelques-uns, doivent 
âtre continuellement mise à jour. Les 
administrations fédérale et 
provînciales, les municipalités et même 
les autorités locales recherchent 

CHSET 6 (11) 	RGB 
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0621 Les demandes re a ives 
aux renseignements sociaux 
augmentent rapidement. Par 
conséquent, nous sommes 
obli9és de compter de plus 
en plus sur la bonne volonté 
des personnes interrogées 
pour nous fournir ces 
renseignements. Les 
statistiques nationales dans 
les domaines de la 
croissance dâmographique, d 
l'emploi, des dépenses des 
consommateurs, pour n'en 
nommer que quelques-uns, 
doivent gtre continuellement 
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9621 Les demandes relatives 
aux renseignements sociaux 
augmentent rapidement. Par 
conséquent, nous sommes 
obligés de compter de plus 
en plus sur Io bonne volonté 
des personnes interrogées 
pour nous fournir ces 
renseignements. Les 
statistbries nationales dans 
les domaines de la 
croissance démographique, d 
l'emploi, des dépenses de 
consommateurs, pour n'en 
nommer que quelques ,muns, 
doivent gare continuellement 

CHSET ,6 (21) - CV 



SPACING OF CHARACTERS ON A TELEVISION DISPLAY: 
7 X 9 CHARACTER  SET*  

W. C. Treurniet 

*Data for this report was collected at the Human Factors Laboratory, 
Department of Communications, Ottawa, Canada. 
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Exeeutive Summary 

A previous experiment with a 5x7 character se t . 

determined that there should be no more than 40 characters 

per line on a Telidon page, and no more than 20 lines per 

page. Further, it was shown that characters with descenders 

should extend below the line •by at least one pixel,' This 

paper reports results of a similar experiment using a 7x9 

character set. 

The experiment indicated that descender characters 

should extend at least two pixels below the line, that 

characters on a line should be separated by three pixels, 

and that the space between lines can be as little as one 

pixel. These values increase the size of the basic 7x9 

character matrix to a 10x12 matrix. Since the useable area 

on the television display has dimensions of approximately 

216 by 288 pixels, the results indicate that no more than . 18 

lines with 28 characters per line should be displayed on 

Telidon using this character set. 
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Twenty-eight character spaces permit only about five 

words to be displayed on one line. When hyphenation is not 

allowed, a longer word can result in undesirable large gaps 

at the ends of lines. Implementation of "proportional 

spacing" appears to reduce this effect, but further research 

is needed to confirm this impression. Proportional spacing 

is the reduction of the character matrix width for narrow 

letters such as "i" or "1". If proportional spacing is 

technically not feasible on Telidon, it may be desirable to 

employ a horizontal spacing of two pixels. The resulting 

9x12 character matrix would permit 32 characters per line., 
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An earlier paper entitled "Spaci.ng'of Characters on a

Television Display" used a letter search task to arriv6 at

recommendations on spacing of characters on ,a television.

displayb For the 5x7 character set used in that study, the

best horizontal spacing was found to be two pixels, and the,

best spacing between lines of letters was found to.be.thres

pixels, Further, the éxperiment also showed that descénder

characters should extend below the line by at least one

pixel. This paper reports the results of a similar-

experiment"using the 7x9 character set presently used on

Telidonv

An Electrohome Model C40 19 inch colour television

set modified for RGB input was.employed in the experiment`

This television is similar in quality to domestic tél.evision

sets, and has reçtangularphosphor eJ.ements* Lstters.were-

displayed in white on a colourless background:

The methodology emplôyed was identical to that

described in the earlier papero A page of randômly chosen,

lower case rows of letters was displayed on'e.ac,h trial.- The

critical line to which the subject was required to attend

was marked in the left margin by a "plus" symbol. Because,

the length of thé descerider on the letters

"q" and "y" was a variable of interest, these fiveletters

were selected as the search targets:, The first letter in
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the critical line was always one of these five letters and 

indicated to the subject at the beginning of each trial 

which letter was the target. The subject's task was to 

immediately scan the critical line for the next occurrance 

of the target letter. When that letter was located, the 

subject was asked to say the immediately following letter* 

The subject was further requested to scan the line only 

once. If the end of the line was reached without 

identifying the target letter, the subject was requested to 

give the end letter as his response. The target letter 

occurred only once on the critical line following the 

initial cue, and the two indicated response letters were 

also unique in that line .  The subject was further 

instructed to attempt to regulate his scanning rate so that 

targets were missed on about 10 percent of the trials. 

Display onset was relatively instantaneous and activation of 

a voice switch by the response resulted in erasure of the 

display* Response time was measured to the nearest msec and 

the actual response was entered at a computer console by the 

experimenter during the three second inter-trial interval .  

The subject was seated approximately four feet from 

the display without a head restrainer. A page was displayed 

to facilitate explanation of the task by the experimenter, 

111 
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and then 10 trials were presented fôr praCtice. The 

 experiment Itself,  was 8.3x3x3 within design with 'length 

descender, horiiontaI sPecing and:vertical spacing-as ,the -

three factors* length àf descender refers to the -ambunt_of .  

protrusion below the line by descender Characters and:was 0, 

1 or 2 pixels* Both vertical and horizontalspacings'were 

1, 2 or 3 pixels. Therefore the total design consisted'of.- 

27 cellà. Each of the - five target letters was presented 

twice in eac:I.experimental condition* The  27 conditions 

were - randomly-ordered within each of 10 'blocks  of  tria1s_ 

Thus, the total :number of  trials  for eachbf'j1:,subjeCtei-was: 

, 270*. 'Becailse thesessionlasted about 35 minutes,.a.shôrt 

pause was permitted folloWing the'135th;trial.- 

A repeated measures analysis of variance was 

performed on each of three dependent variables: (1) 

frequency of misses, (2) scanning rate in characters/sec, 

and (3) scanning rate in pixels/sec 	Analysis of frequency 

of misses showed a significant effect due to horizontal 

spacing (F(2,20)=3.595, p<.05), and an effect due to length 

of descender (F(2,20)=29.378, p<.01). No interactions were 

significant. Analysis of scanning rate in characters/sec 

showed that the effect of vertical spacing just missed the 

criterion for significance (F(2,20)=3.311, p<.10). However, 
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there was a significant effect due to horizontal spacing 

(F(2,20)=30.208, p<.01) and length of descender 

(F(2,20)=16.514, p<.01). No interactions were significant. 

Analysis of scanning rate in pixels/sec showed a significant 

effect due to horizontal spacing (F(2,20)=77.701, p<.01), 

and length of descender (F(2,20)=16.361, p<.01). Figures 1 

and 2 show the means corresponding to the above effects. 

Table 1 shows the proportion of the total variance explained 

by each of the significant effects. 

Table 1 

Percentage of Total Variance Explained 

Variable 

Miss 	Character 	Pixels 
Frequency 	per sec 	per sec 

Horizontal 
Spacing 	2.5 	4.5 	 9.8 
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The statistical significance of differences among the 

means was tested using the Newman-Keuls procedure (Winer, 

1962). The frequency of misses decreased significantly with 

each increase in length of descender. Further, scanning 

rate in characters or pixels per second increased 

significantly with each increase in descender length. These 
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findingà indicate that the deScending côtriponentpfa 

descender character:in this character . Set should PrOtrude .  

below the line by at least twq PixéIsd 	 : 

Horizontal spacing between letters affected both 

measures of scanning rated The rate in characters per 

second decreased significantly with each increase in 

spacing, while the rate in pixels per second increased 

significantly with each increase in spacing. Neither 

measure shows any indication of an approaching asymptote 

within the range of the independent variable employed. 

Obviously, the increase in rate of scanning with increasing 

character separation was not sufficient to keep the rate of 

character input at a constant value. These data by 

themselves would indicate that the minimum spacing is the 

most desirable since it would give the highest rate of 

information input. However, the analysis of miss frequency 

showed that a space of three pixels resulted in 

significantly fewer misses than the two smaller spacings, 

while the latter two did not differ* It appears, therefore, 

that a horizontal spacing of one or two pixels results in 

too high a rate of character input. The slower input rate 

at a spacing of three pixels is preferred because of the 

associated lower miss frequency* These data indicate that a 
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space of three pixels should separate characters to maintain

accurate letter identification,

The space between lines of letters did not

significantly influence any of the dependent measures

employed.

In summary, this experiment indicates that descender

characters should extend at least two pixels below the line,

that characters on a line should be separated by three

pixels and that the space between lines does not influence

letter recognition. These recommendations are different

from those in the earlier paper, and indicate that descender

length and letter spacing on a video display depend on the

particular character set employed.

I
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Placement of Accents on CharacterS 	I 

William C. Treurniet and Susane LatrémCuille 
Communications  Canada 	H . 	. 

Either of two techniques can be used to draw accents 
on letters. These are the ENSEMBLE method and the,COMPONENT. 
method. 

The ENSEMBLE Method: 	The > accent and the letter are both 
described'on a single - character Matrix and given a 
unique Code. 'This. :method per:lilts the letter to be 
compressed vertically in Order Io make room for the. 
accent. 

The COMPONENT Method: 	The accent and the letter are each 
described on separate character matrices. The 

 accent is drawn over the lettér - by superimpOsing the 
accent matrix  on the letter. matrix'.' 

The photographs of FigUres'l to 4 show' how accented 
letters would appear using thé ENSEMBLE method  and  three 
different applications of the ,COMPONENT meth,Cd.' 

Samples of the ENSEMBLE Method: 

Figure 1: The ensemble method is 'used to .  squeeze 
accents into the 5x7 character matrix. 'Both 	' 
upper and lower case'letters .are reduced in 
height where possible to provide a space of 
one pixel between the accent and the letter. 
All accents are formed on the top  two rcwà of . 
the matrix. 

Samples of the COMPONENT Method:' 

Figure 2: Tile component method is used to,plaCe 
accents in the 5x7 character matrix. Accented 
letters are the same - shape as.those without: 
accents.  No  accents, are possible on  upper 
case letters using this method...All accents. 
are placed in the top two rows>of the :matrix. 

Figure 3: The component method is used to place> 
accents in the interline .space which is three ' 
pixels wide. Accents are either'two or .three 
pixels high. The accented letters  are the 	. 
same size and shape as unaccented letters. 	- 



Figure 4: The component method is used to 
place accents in the interline space over upper 
case letters and extending into the top row of 
the character matrix over lower case letters. 
The accented letters are the same size and 
shape as unaccented letters. The method 
requires discrimination between upper and 
lower case letters so that an accent can be 
placed appropriately. Accents are either two 
or three pixels high. 

Discussion: 

Part (a) of each figure shows the most common 
accented letters in the French alphabet as they would appear 
using each method of drawing. Similarly, Parts (b) and (c) 
of each figure show the result of each method of drawing 
accents in the context of lower and upper case text, 
respectively. Figure 2(c) does not exist because the upper 
case letters for that drawing variation do not have accents. 

Twenty francophone individuals were asked to rank the 
accented letters in Part (b) of each figure in order of 
preference (Appendix A). A Friedman analysis of variance on 
the ranks yielded a Chi-square Of 37.8 › whicb is highly 
significant (p‹.001). This'means that the pidtures differed 
in terms of the ranks that they were given. Comparison of 
the ranks for each pair of pictures was performed using 
binomial tests. The.number of times a picture was preferred 
over another picture was determined. Then, the probability 
that this frequency deviated from that expected by chance 
was calculated. Each of the six pairwise comparisons showed 
a significant difference at more than the ninety-five 
percent level of confidence. 

The analysis shows that the techniques for drawing 
accents shown in Figures 1 to  1t  were ranked in the following 
decreasing order of preference: Figure 4, Figure 3, Figure 
1, and Figure 2. Further, no two methods can be considered 
equivalent in terms of preference. 

The  accented letters of Figures .  2, 3  and  4 are 
designed so that they can be - drawn using the component 
method. It should be noted, however, - that  thèse  letters can 
also be created with the ensemble method. The designs of 
Figures 3 and 4 require only that the size of the character 
matrix be extended vertically. That is, the 5x7 character 
matrix must be enlarged to a 5.x10, character matrix to 
include the interline space of three pixels. • 
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Figure 1(a) 

0123'1e rale,AeS fers è cheVol se.7 : 
si.iiitli:,e TX.I..amcéLer.ferterotAgent 	' 

':,.:..d'ab.Ord:IpÉTed aU.:chevaii maje lè où 
.-::'tout se.tregfOrme en un art,. c'est 

 clielis peuyent exercer une traction 
• - LorsAvelé .membre vo chercher la 
•:..fOtal'éti. Cette:traction représente comme 
une force  sl'agriO>ement qui vo 

, 
 

permettre un grand Olon. Lee "swedges' 
.ont.l'uepeet des fers requilers,. , 
, Possédant'toutefols une encarvure'qui 
••Permet Pu'Pled de se remplir de terre, 
. créant un effet de feutrage sur  
pistes depoussiere. Lee fere barres 
POssedent.sur . -leur surface des stries 

, quilont pour effet de retarder. ils 
.: sont utilises sur des pistes dures. Les 

tees 
 

p1 tons accrochent moins que .res 
I précedehte: tes .fers en forme d'oeuf, ' 

servent à repartir plus uniformément le , 

Figure 1 (b) 

0123 LE R6LE : DES'FERS à CHEVAL EST 
SUBTIL ET NUANCÉ. LES FERS PROTÈGENT 
,D'ABORD LE PIED DU CHEUAL. MAIS U. Où 
TOUT SE TRANSFORME EN UN ART. C'EST 
QU'ILS PEUUENT EXERCER UNE TRACTION 
LORSQUE LE MEMBRE UA CHERCHER LA 
FOULÉE. CETTE TRACTION REPRÉSENTE COMME 
UNE FORCE D'AGGRIPPEMENT OUI UA  
PERMETTRE UN'SRAND litLAN. LES •SWEDCES' 

. 
 

ONT L'ASPECT DES FERS RÉGULIERS, 
POSSIWAHT TOUTEFOIS UNE ENCARUURE GUI 
PERMET AU PIED DE SE REMPLIR DE TERRE, 
CRÉANT UN EFFET DE FEUTRAGE SUR LES 
:PISTES DE POUSSIÈRE. LES FERS BARRÉS 
POSSÈDENT SUR LEUR SURFACE DES STRIES 
OUI ONT POUR EFFET DE RETARDER. ILS 
SONT UTILISÉS SUR DES PISTES DURES. LES 
FERS / PITONS ACCROCHENT MOINS DUE LES 
PRÉCÉDENTS. LES FERS EN FORME D'OEUF 
SERUENT 1 RÉPARTIR PLUS UNIFORMÉMENT LE 

Figure 1 (e) 



O423  1918191919919181gIglg 
iffléçù&OCItenléçfebTO 
19 1 91910.091819191919 

IgigIgluk991404119191g 

pai 

123 

Figure 2 (a) 

0423 Le Hale des fers b cheval est , 
subtil et nuancé. Les fers protègent 
d'abord le pled du cheval, Mals là où 
tout se transforme titi un arti.c'est * 
qu'ils peuvent exercer une traction 
torque le membre vo chercher la 
.foulée. Cette traction représente comme 
une force d'agrippement qui *va . 
permettre un grand élan. Les 'suedges" 
ont l'aspect des fers réguliers, 
possédant toutefois unir encarvure qui 
permet ou pied de se remplir de terre, 
créant un effet de feutrage sur' les 
pistes de poussière. Les fers barrés 
possèdent sur leur surface des stries 
qul ont pour effet de retarder' lis 
sont utilisés sur des pistes dures. Les 
fers à pitons accrochent •oIns-que les 
précédents. Les fers en forme d'oeuf 

. servent à répartir plus uniformément le 

Figure 2 (b) 
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.' tout  se transforme en un art, c'est 
qu'ils peuvent exercer une traction 
tors9ue'le membre vo chercher la 
foulee. Cette traction represente comme 

. une force d'agrIPPeeent gui va 
Permettre un grand orlon, Les "swedges" 
Ont l'aspect des fers requilers, 
possédant. toutefols une encorviire qui 

, peemet au Pied de se remplir de terre, 
: . ›.creoneuneffet pe feutrage sur  lee 

, --pletts. de poussier,. Les fers barres 
: posSedent sur.leur surface des stries 
qui .ont pou  e effet de retarder. lis 
sont ellisés sur des pistes dures,. Les 
fees;o pitons accrochent moins que les 
precedents.,Les fers en forme d:oeuf 

t o reportir plus uniformement Ir 

Figure 3 (h) 
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SUBTIL ET NUANCE. LES FERS PROTEgHT 
D'ABORD LE PIED OU CHEUAL, MAIS LA Où 
TOUT SE TRANSFORME EN UN ART, C'EST 
QU'ILS PEUVENT EXERCER UHE TRACTION 
LORSQUE LE MEMBRE UA CHERCHp LA . 	" 
FOULÉE. CETTE TRACTION REPRESENTE COMME 
UNE FORCE D'ACCRIPPgMENT QUI UA 
PERMETTRE UN GRAND ELAN LES "SUEDGES' 
ONT L'ASPECT DES FERS REGULIERS, 
POSSÉDANT TOUTEFOIS UNE ENCARUURE GUI - 
PERMET AU PIED DE SE'REMPLIR DE TERRE, 
CRÉANT UN EFFET pE FEUTRAGE SUR LEB 
PISIgS DE POUSSIERE. LES FERS BARRES 
POSSEDENT SUR LEUR SURFACE DES STRIES 
QUI ONT POUR EFFET DE RETARDER. ILS 
,SWIT pTILISES SUR DES PISTES DURES. LES 
• FEeSA PITONS ACCROCHENT MOINS DUE LES 
PRECEDENTS.,LES FERS EN FORME D:OEUF 

, SERVENT A REPARTIR PLUS UNIFORMEMENT LE 
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Figure 4 (a) 

0220 Le r8le des fers cheval est 
Subtil et nuancé. Les fers protègent 

' d'abord le Pled du cheval, mois lè où 
tout se transforme en un art, c'est 

' qUells peuvent exercer une traction 
lorsque le membre va chercher la 
foulée.'Cette-traction représente comme 

' -une force d'agrippement qui vo 
. :permettre un grand élan. Les "swedges" 

ont l'asPect des fers réguliers, 
'Possédant toutefois une encarvure qui 

. permet au 'pied de se remplir de terre, 
créant un 'effet 'de feutrage sur lee 

—pistes de poussière. Les4fers barrés 
'possèdent sur leur-surface des stries 
qui ont pour effet de retarder. Ils . 
sOnt.utillsirs-sur des pistes dures. Les 
fers è pitons accrochent moins que les 
précédents. Les fers en forme d'oeuf 

- servent è répartir plus uniformément le 

Figure à (h) 

8220 LE RÔLE DES FERS A CHEVAL FST 
'SUBTIL ET NUANCE. LES FERS PROTEGENT 
D'ABORD LE PIED DU CHEVAL, MAIS LA Où 
TOUT SE TRANSFORME EN UN ART, C'EST 
QU'ILS PEUUENT„EXERCER UNE TRACTION 
LORSQUE LE MEMBRE UA CHERCNSR LA - • 

. , .pouLtg. CETTE TRACTION REPRÉSENTE COMME 
'UNE FORCE D'AGGRIPPSMENT QUI UA 
PERMETTRE UN GRAND ELAN, LES "SHECICES" 
ONT "ASPECT DES FERS REGULIERS. 

'POSSEDANT TOUTEFOIS UNE ENCARUURE OUI 
PERMET AU PIED DE SE REMPLIR DE TERRE, 
CRÉANT UN EFFET pE FEUTRAGE SUR LES 
PISTgS DE POUSSIERE. LES FERS BARRES 
POSSEDENT SUR LEUR SURFACE DES STRIES 
OUI ONT POUR EFFET DE RETARDER. ILS 
SONT elLISES SUR tes PISTES DURES. LES 
FERS A PITONS ACCROCHENT MOINS QUE LES 
PRÉCÉDENTS„ LES FERS EN FORME D".0EUF 
SERVENT A REPARTIR PLUS UNIFORMÉMENT LE 

Figure 4 (c) 
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Appendix A' 

A rank of "1" was assigned to the most preferred 
'picture, and a rank of "4" was assigned to the least 
preferred picture. The number of times each picture 
received each of the four possible ranks is as follows: 

Fia. 1 Fia. 2 Fia. 8  Fin. 4  
lUgLic 	 . 

1 	 1 	1 	1 	17• 
2 	 4 	0 	13 	3 
3 	 10 	6 	it 	0 
4 	 5 	13 	2 	0 
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THE OPTIMUM NUMBER OF ALTERNATIVES, r 
TO DISPLAY ON AN INDEX PAGE ' 

IN AN INTERACTIVE TELIDON DATA BASE 

ERIC LEE: 
BEHAVIOURAL RESEARCH GROUP. 
DEPT::OFCOMMUNICATIONS 

OTTAWA 	- 

SUMMARY  
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The answer to the question of the optimum number of alternatives that 

should be displayed on a Telidon index page has several practical ramifications. 

The purpose of this memo is: 

a) To address this question from a behavioural perspective, 

b) To develop a model for predicting the effects of varying the number 

of alternatives per index page, and 

c) To describe the practical conclusions that can be drawn from this 

analysis. 

For those readers uninterested in reading all the details of the .  analysis, 

a thumbnail sketch of the'logic of this analysis plus the major conclusions 

derived from it are given in this brief summary. The detailed analysis with 

its discussion of assumptions and mathematical derivations id contained in the 

ANALYSIS section. 

The version of Telidon currently being designed for pilot trails and 

initial commercial introduction provides a hierarchical tree-structure as the 

principal method to be empnyed by users for accessing target information. 

To locate a document in the data base using the tree, a user must choose 

among the alternatives didplayed on each of a series of index pages. For a 
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fixed size of data base (that is, for a fixed number of documents in the data 

base), the number of index pages that must be accessed to locate target 

documents depends upon the number of alternatives displayed per index page 

and vice versa. Increasing the number of alternatives displayed on each 

index page decreases the number of index pages that must be accessed in 

tracing a target document. 

Since fewer index pages must be accessed to locate any given document, 

there will also be a reduction in the total length of time spent by users 

in accessing index pages. At the same time, however, increasing the number 

of alternatives per page increases the number of alternatives that must be 

read per page, theréley increasing the time required by users to complete 

their search of each index page. The overall effect of the number of 

alternatives per page on the total length of time required by a user to 

find target information (i.e. documents) in the Tel idon data base, hereafter 

called search time ST, will depend upon (a) the time it takes to read the 

alternatives on each index page (h) the time required to locate and press the 

appropriate keys on the keypad, and (c) the time it takes for the computer 

to respond to a request and display the next index page. The relative 

contribution of these three factors will determine whether the total search 

time is increased or decreased when the number of alternatives per page is 

idareased. 

The length of time required by a user to find information in the Tel idon 

data base, i.e. search time, will probably be a fundamental determinant of 
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system appeal and satisfaction for the user. It is reasonable to assume

that people.will refuse to use any retrieval system having excessively,long

STs.. Thus, the shorter the average.ST, the higher user acceptance and

satisfaction with the system will be, and the more.peop1e.wi1l tend to utilizé

Telidon's services.

Total search times on this system will dépend upon many factors such

as number of documents in the data base, number of levels in the tree,

number of choice alternatives offeréd on each index page, Telidon systém

response time, the rate at which people read, time to locate and press keys,

and the search strategy employed by the individual User. On the bâsis of

reasonable assumptions about both the rate at which people read and the

strategies they employ in searching through the alternativés on an index

page together with Bob Baser's projections for Telidon system response.

times (see attached memo),.relatively accurate predictions of search times

can be made. The analysis contained in the next section describes an

appropriate behavioural model and illustrates its usefulness in answering the

very practical question of what is thé optimum number,of alternatives to display

on an indexpagç. It should be noted that if the optimum exceeded 10, th en

this would be a strong argument in favour of using letters (permitting a

maximum of 26) for labelling the alternatives. One implication of this

alternative would be that a more expensive alphanumeric as opposed to.a strictly

numerical keyboard would have to be.provided for each user.

The major conclusions to be drawn from this analysis (which,;is described

in more detail in the next.'section) are:

I
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1) The optimum number of alternatives per Tel  idon index page (in terms 

of minimizing the time users must spend searching through the tree) 

is less than 10 for a very wide range of possible conditions (see 

Tables 1 and 2). 

2) Whenever possible, the number of alternatives on a page should be 

in the range of 4-8 which is optimal for most situations (see Tables 

1 and 2). 

3) Whenever possible information providers should avoid using only two 

alternatives per index page because search times for 2 alternatives 

per page are considerably longer than optimal (see Figures 1 and 2). 

It is recommended that: 

A NUMERICALLY-PAGED TREE INDEX WITH A MAXIMUM OF 10 ALTERNATIVES PER 

INDEX PAGE SHOULD BE USED ON TELIDON RATHER THAN AN ALPHABETICALLY-

PAGED TREE WITH A MAXIMUM OF 26 ALTERNATIVES PER INDEX PAGE. 



ANALYSIS  

From preliminary observations of Telidon users, it is apparent -that 

users can employ either of two distinct cognitive strategies in searching 

an index page for the correct alternative. A User can'perform either .  an  • 

exhaustive  search  (ES) or a self-terminating:search  (TS). - 	In  

exhaustive search the user reads every alternative on an index page before_ 

making his/her-selection which retrieves the next index page. In_contrast, 	- 

in a selfterminatirig search, the user reads alternatives only- until encountering . 

arralternative that meets his/her criterion of .aPpropriateness; - at WhiCh 

point the search is terminated and the next index page is:retrieved: A 

decision is made  to  accept or reject each alternative  as  it  is read. On 

the basiS of my own casual observation of uSers, it appearS that'about 

threequarters of these people have employed a self-terminating seàrch strategy. 

(Of cdurse, more systematic research would havé to be conducted  to  

establish the proportion of users employing each strategy.) However, I 

will show that the optimum is,almost always less than 10 regardless-of which 

strategy users adopt. 

When searching an index page, all users seem to scan the alternatives 

on the page in sequence from top to bottom. A user who employs an exhaustive 

search strategy will always read all a alternatives on an index page. 

Therefore, the expected number of alternatives on a page that must be 

searched by such a user is simply E(A) = a. Initially at least, the 

alternatives on an index page will probably be arranged haphazardly. Therefore, 

132 
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assuming random sequencing of the a alternatives on a page, in the long 

run a user employing the self-terminating search strategy would have to 

read on the average one-half of the alternatives on each index page 

before encountering the target alternative, that is, E(A) . a/2. 

Similarly, with alphabetical sequencing (and an approximately random 

selection of target alternative and approximately equal distribution of 

correct choices across alternatives), the E(A) = a/2 when a delf-termànating 

search strategy is employed. (If the most frequently accessed alternatives 

happen to occur near the beginning of the sequence of index ternis on a page, 

then E(A)...1. If, on the other hand, the most frequedtly accessed 

alternatives tend to occur near the end of the sequence, then E(A)-I 'a.  

However, over a large number of index pages it seems highly unlikely that the 

most frequently accessed index terms will all happen to begin with z or with 

A.) 

Of course, after considerable experience, users might be able to recall 

the target index alternative and only have to scan rapidly the first letter 

of an alphabetized lidt of dfidex alternatives to find its associated index 

number. 

Scanning the first letter of the alternatives is certainly much faster 

than reading them. Thus, an experienced user might only have to read 2 or 3 

alternatives on any given page before locating the target index alternative. 

In this case, the E(A) would approach 1 and not a/2 for a self-terminating 

searches. However, the very size of proposed Telidon data bases will make it 
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extremely difficult to recall all index terms because there will be so 

many to remember. Furthermore, a long series of psychological experiments 

(see any introductory psychology text) has amply demonstrated that our 

ability to recall words is greatly inferior to our ability to recognize  

words that we have seen before. And finally, the typical home user is 

just not likely to become a highly experienced Telidon user. 

Although alphabetical sequencing  lias  no:effect on the expected 	. 
,• 

number of àlternàtiVes that must be read on a page, sequenting by "frequency" 

could havé a dramatié effect. The 'alternatives on an" index-page can be . 

sequenced according to the relative  frequency with which past users have 

accessed each alternative, placing the most frequently accessed alternative 

first on the Page and the least frequently accessed alternative last. In  

the extreme case that one alternative on - a page.is almost always selected; 

then that alternative will be placed at the top of the list of alternatives 

and the E(A)-*1 for the self-terminating search. At the other extreme, 

if all alternatives have  been seleeted equally often, then the organilation 

or sequencing of the alternatives will be essentially random and the E(A) = 

a/2 for the self-terminating search. In practice then, the facilitative 

effect of within-list organization by frequency in reducing total ST will be 

confined to those users employing a self-terminating strategy for searching 

index  pages' in which the alternatives have Wot been aécessed equally,often 

in the Pàst: 
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The relationship between the number of documents in the data base 

Oenoted d), the number of alternative index terms per level or page of 

the tree (denoted a), and the number of levels in the tree structure 

for the data base (denoted 11, where E also represents the number of 

index pages that must be accessed by users to retrieve each document) 

is given by 

(1) d = aP. 

Giimen any 2 of the three variables (a, d, 2), the third is fixed and 

can be computed by Equation 1 . For example, if there are 100,000 

documents and 10 alternatives per level, then the number of levels is 

(2) p = log d/log a 

= 5/1 = 5. 

To locate a target document in the data base a total of 2_ index pages 

(one page per level of this hierarchy) must be accessed. The time required 

to access each page and read the alternatives (recall that the average 

number of alternatives read per page, E(A), varies with the search strategy 

anployed by the user) is 

(3) T = E(A) • ta  + t k m 	trt 

where E(A) = expected number of alternatives on a page that must be searched 

before the target index term is found; 

ta 	= time required to read and process one alternative (i.e. reading 

rate for users); 
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tkp 	- time interval between the completion of reading the alternatives 

on an index page and the actual pressing of the keys; 

trt 	response time of the computer, i.e., the time between the last 

key press and the onset of the next index page. 

Thus, the total search time is just p times Equation 3 or 

(4) ST = p(E(A) • t a + t kp + trt ) 

where ST . total search time; 

p = number of levels in the tree. 

By substitution of d = 

(5) ST = E(A) ta 	+ t  kp 	rt 	log d 
log a 

where d 	= number of documents in data base, and 

a 	= number of alternatives per index page. 

From Equation 5 , it can be seen thàt the number of documents in the 

data base (represented by log d) does not affect the optimum number of 

alternatives. That this is true can be seen by considering Figure 1 which 

is a plot of the relationship between the number of alternatives per page, a, 

and ST. In Figure 1, the STs plotted are for a data base with 10 documents 

(therefore, log d = 1). 
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To obtain the STs for a data base with 100 documents (log d = 2), the

STs in Figure 1 must all be multiplied by the constant log d= 2. In

plotting the relationship between ST and a for a data base of si¢e d= 100,

one simply has to double all values on the ordinate (i.e. double the ST

values). Note tiaat the resultant plot would be identical to Figure 1 except

that the ordinate values are doubled. The optimum number of alternatives

per page does not change with chgnges in d, that is, the lowest point on each

curve in Figure 1 remains the lowest when d is changed. Therefore, in

all further calculations the size of the data base is arbitrarily set at 10

and, thus log10d = 1. The term log d then drops out of Equation 5. (The

size of the data base, however, does affect ST. The ST for a given size of

data base can be easily determined by multiplying the reported STs by log d.

For example, the ST for a document in a data base containing just 10

documents is given directly by Figure 1. The ST for a document in a data

base containing 100,000 documents can be obtained by multiplying the

appropriate value of ST in Figure 1 by log 100,000 = 5).

RESULTS

For any given combination of number of users, search strategy, and reading

rate, there is an optimum number of alternatives that should be displayed per

index page to minimize total ST ( see Figures 1 and 2). Tables 1 and 2 present

the optimum number of alternatives for a wide range of possible situations.

I



138 

11 

For example, empirical observations suggest that most people requ*ee 1/2 

to 1 second to locate and press the appropriate keys on the keypad. Figure 

1 and Table 1 present predicted search times and predicted optimum numbers 

of alternatives, respectively, based on the assumption that people take 

1/2 Second on the average to locate and press the keys. The predictions 

depicted in Figure 2 and Table 2 are based on the assumption that the average 

key press time is 1 second. 

The number of users on Telidon simultaneously is varied systematically,  

from 1 to 120. The corresponding Telidon response times, which depend 

upon the number of , users,  range from the optimum predicted by Bob Baser to 

a very slow response time. The reading times per alternative in Tables 1 and 2 

range from a theoretical minimum of 1/4 sec per alternative (that is, a saccadic 

eye movement, with an average duration of 200-250 msec, is required to move 

the eye from one alternative to the next) to an extremely slow 2 sec per 

alternative (which is roughly  équivalent  to an extremely slow reading speed 

of 30-60 words per minute). Bill Treurniet estimates that average reading 

speed is approximately 240 words per minute which is roughly equivalent to 

.5 seconds per alternative. Finally, both search strategies -- exhaustive 

and self-termànating -- are represented in the table. 

Inspection of Tables 1 and 2 reveal that the optimum number of alternatives 

for an extremely wide range of possible conditions is less than 10. , Only 

when extremely fast readers are using a highly overloaded system (i.e. over 

100 users simultaneously retrieving information which slows computer response 

time down quite a bit) does the optimum ever exceed 10 altennatives/page. 
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Even then, search times under such conditions are relatively close to being 

optimal if 10 alternatives are displayed on each page. The practical 

implication is that a numerically paged tree structure with a maximum of 

10 alternatives per index page should be used for Telidon data bases rather 

than an alphabetically paged tree with a maximum of 26 alternatives per 

index page. If possible, the number of alternatives on a page should be in 

the range of 48 which is optimal for most situations (see Tables 1 and 2 and 

Figures 1 and 2). 

Although STs for 10 or fewer alternatives per page are faster (under 

most conditions), than for 26 alternatives per page, the reverse can be 

true under special conditions. When the alternatives are arranged sequentially 

on an index page by the frequency with which the alternatives are chosen 

and the probability or relative frequency of choosing one of the alternatives 

approaches 1, ST should actually be faster with 26 instead of 10 alternatives 

per page. The relationship is given as follows: 

(6) 	STa .2 	e (log 10) STa . 10  

log 26 

= .7067 ST
a=10 

Under these conditions, a 30% savings in total search time can be made by 

using 26 alternatives per page rather than 10 alternatives. In fact, under 

these conditions the more alternatives there are per index page the faster 

the searches can be made. The practical limit appears to be 40 alternatives 

per page (2 rows of 20 alternatives each). Thus the greatest savings in 

total search time that could be made would be: 
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(7) 	STa .40  = (log 10)  STa .u . 

Uog 40./ 

STa.10  

It is important to remember, however, that these conditions are very 

unlikely to be met in practice. Up to this point in the analysis it has been 

implicitly assumed that all textual information on a page is displayed 

simultaneously. There are actually three variations in the rate of display .  

for Telidon systems: (a) each page is displayed instantaneoutly, (h) text 

is displayed line by line but at a rate faster  than users can read the 

already displayed alternatives, and (c) text is disPlayed line by line and 

at a rate slower  than users can read the displayed alternatives. The analysis 

developed up to th9t point in this memo applies to both situations (a) and 

(b). 

When text is displayed line by line more rapidly than it can be read, the 

text can be considered to be displayed simultaneously because it does not 

reduce the reading rate (which is a parameter in the analysis presented thus 

far). When text is displayed line by line at a slower rate than users can 

read, however, reading rate must slow  down. In this case, the rate of 

reading alternatives ta  must now equal the rate of display td , that is, the 

maximum rate of reading can be no higher than the limit set by the rate of 

display td . Situation (c), then, can also be studied using the present 

analysis by setting user reading rate ta equal to the rate of display t . d 
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The present  Tel idon rate of display is 1200 band or 120 char/sec (see 

attached memo by Bob Baser). The estimated number of characters/index 

alternative in the present data base, based on a sample of 25 alternatives, 

is.13.66 char/index alternative (or  approximately equal t0 . 2 words/alternative). 

This estimate includes 2 characters for the index number associated with each 

alternative and 1 character for the PDI instruction at the end of the 

alternative. Thus, the display rate td  equals (120/13.66 = 8.78 alternatives 

per second or) 1/10 sec/alternative which excéeds the theoretical maximum rate 

of reading of 1/4 sec/alternative. Therefore, the system can be treated as 

if each page was displayed instantaneously, and the present analysis applies 

to the Telidon system currently being developed. 

The present analysis is based on the assumption that computer response 

times will not vary significantly as the size of the data base increases. This 

assumption will be approximately true if disks for storing the information are 

almost completely filled. Computer search times are relatively constant across 

different sizes of disks. Thus, even though five times the amount of 

information must be searched on a 180-megabyte disk compared with a 30-megabyte 

disk, the average computer response times are about the same. If, however, 

a very large disk is used to store a small amount of information (eg. 

30-megabytes of information on a 180 megabyte disk), then computer response 

times will be somewhat faster than that predicted by Bob Baser in his graph. 

When data base size is much smaller than disk storage size, the results and 

conclusions presented in this memo do not apply. Nevertheless, Equation 5 of 

the present memo can be used to generate predictions for such situations by 

substituting in the appropriate values for computer response times. 
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As in any physics or economics model., predictions are only as good as the

model assumptions. Empirical. research can, and should, be conducted t

substantiate the assumptions made in the present model.
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TABLE 1 

OPTIMUM NUMBER OF ALTERNATIVES ON 

A TELIDON INDEX PAGE 

ASSUMING ONE-HALF SEC REQUIRED TO PRESS KEYS (i.e.  

USER SEARCH 	READING TIME 	 NO. OF USERS (TELIDON RESPONSE TIME b )  
STRATEGY 	PER ALTERNATIVE 	

1-60(.55) 80(.60) 100(.90) 120(1.35) 

.25 sec 	 6 	6 	6/7e 	7 

	

.50 	 4 	4 	5 	5/6 
EXHAUSTIVE 

	

1.00 	 4 	4 	4 	4 

	

2.00 	 3 	3 	3 	4 

.25 sec 	 8 	8 	9 	11 

	

.50 	 6 	6 	6/7 	7 
SELF- 
TERMINATING 	1.00 	 4 	4 	5 	5/6 

	

2.00 	 4 	4 	4 	4 

aThe optimum does not vary with changes in the size of the data base 
(i.e. the total number of documents). In other words, the optimum values 
reported in this table hold for any number of documents. 
bMeasured in seconds. These Telidon response times, t rt, are based on Bob 
Baser's (July, 1979) predictions for the yet-to-be developed Telidon system. 
cBoth 6 and 7 are optimum. 

1143 
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TABLE 2 

OPTIMUM NUMBER OF ALTERNATIVES ON 

A TELIDON INDEX PAGE 

ASSUMING ONE SEC REQUIRED TO PRESS KEYS (i  

USER SEARCH 	READING TIME 
STRATEGY 	PER ALTERNATIVE 

NO. OF USERS (TELIDON RESPONSE TIME b )  
1-60(.55) 80(.60) 100(.90) 120(1.35) 

EXHAUSTIVE 

SELF-
TERMINATING 

.25 sec 	 7 	7 	7/8 	8 

	

.50 	 5 	5 	H5 	6 

	

1.00 	 4 	4 	4 	5 

	

2.00 	 3 	3 	4 	4 

.25 sec 	 10 	10 	11 	12/13 

	

.50 	 7 	7 	7/8 	8 

	

1.00 	 5 	5 	5 	6 

	

2.00 	 4 	4 	4 	5 

aThe optimùm.does not vary with changes in the size of the data base 
(i.e. the total nUmber of documents). In other words, the optimum values  
reported in this table hold for anY number of documents. 

b
Measured in seconds. These Telidon response times, ti4, are'based on Bob 
Baser's (July, 1979) predictions for the, yet-to-be deveToped Telidon system. 
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Figure 1. Search Time as a Function of the Number of 

Alternatives per Index Page When People Use An Exhaustive Search Strategy 
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	 keys on the keypad to retrieve 

the next index page. 

1 	 NOTE:  It is assumed that people 
I 	 take about one second on the 1 
t 	 average to push the appropriate . 

Fast Readers t = 1/4_sec 
— 

••••• 

•••• 

Dotted lines represent slow 
system response times (1.35 sec) 
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take about one second on the 
average to push the appropriate 
keys on the keypad to retrieve 
the next index page. 

NOTE:  It is assumed that people 
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Figure 2. Search Time as a Function of the Number of , 	146 
Alternatives per Index Page When People Use A Self-terminating Search Strateù 
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	2 

I am including for your use a graph of the response times of our 
present data base as predicted from theoretical calculations. 

The response time for this system has been defined to be the time 
delay between the pressing of the • button at the user terminal and the 
reception of the first character of a page at the terminal. No account 
has been taken of the display time. The display time may, however, be 
estimated as follows: 

256 characters 

(2.13 sec.) 	.25  sec(  

Blocks of 256 characters are transmitted in a period of 2.13 seconds 
with a 0.25 second delay between blocks. 

Initial analysis shows that the delays can be allocated as follows: 

- line turnaround (.25 sec on transmission and .25 sec on 
reception of the first character) 

- front-end CPU usage (18-50 msec) 

- host CPU range (.5-1 msec) 

- disk access (0.016-2,400 msec) 

The first three delays tend to be constant independent of the 
number of users attached to the system and have been assumed to be 500 
msec for line turnaround and conservatively 50 msec for CPU usage in 
the system. 

The disk usage presents a major bottleneck to the system and its 
response is highly dependent on the number of users attempting to access 
the system. The disk can be considered to be a single server queue with a 
constant service time of 80 msec. Hence queuing theory can be used to 
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calculate the mean wait time for service and the variation about the mean. 
The attached graph is the result of these calculations assuming page 
request are uniformtey distributed. 

In actual fact, the amount of requests may not be uniformilly 
distributed since flipping through indeX pages on the tree may proceed 
very rapidly whereas document pages may be read very slowly. In addition, 
the disk service time is not constant but depends on a number of factors, 
including the key sequence entered and the position of the page on the 
disk. However, only a complex simulation model or actual measurements on 
the system will determine the actual response times. 

I hope this meets your needs for the present. I will be writing 
a more detailed report on response times in the near future and will send 
you a copy as soon as it is completed. 

Robert Baser 
Image Communications 

RB:.pt 

End.  
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BROADCAST TELIDON: THE OPTIMUM NUMBER OF 
ALTERNATIVES PER INDEX PAGE 

SUMMARY 

The conclusions of this study are as follows: 

A. BROADCAST TELIDON WITH VBI TRANSMISSION 

(1) FOR SMALL DATA BASES WITH APPROXIMATELY 100 DOCUMENT PAGES, 
INFORMATION PROVIDERS SHOULD DISPLAY BETWEEN 7 AND 13 ALTERNATIVES/ 
PAGE. FOR LARGER DATA BASES WITH APPROXIMATELY 300 DOCUMENT PAGES, 
15-20 ALTERNATIVES SHOULD BE DISPLAYED ON EACH INDEX PAGE. 

(2) THE USE OF VERY FEW ALTERNATIVES/PAGE (E.G. 2 OR 3) SHOULD 
DEFINITELY BE DISCOURAGED. 

(3) IF THE NUMBER OF ALTERNATIVES/PAGE IS LIMITED TO A MAXIMUM OF 10, 
THEN (A) AS MANY ALTERNATIVES AS POSSIBLE SHOULD BE DISPLAYED ON 
EACH PAGE AND (B) AT LEAST 6 ALTERNATIVES SHOULD BE DISPLAYED ON 
EACH PAGE TO MINIMIZE SEARCH TIME. 

(4) DATA BASES SHOULD PROBABLY BE RESTRICTED TO A MAXIMUM OF 300 PAGES. 

B. BROADCAST TELIDON WITH FULL-CHANNEL TRANSMISSION 

(5) THE NUMBER OF ALTERNATIVES/PAGE CAN BE LIMITED TO A MAXIMUM OF 
10 WITHOUT SIGNIFICANTLY INCREASING SEARCH TIMES. 

(6) AS MANY ALTERNATIVES AS POSSIBLE SHOULD BE DISPLAYED ON EACH PAGE. 
AT LEAST 6 ALTERNATIVES/PAGE SHOULD BE DISPLAYED. 

(7) EVEN FOR A DATA BASE AS LARGE AS 15,000 PAGES, LESS THAN TWO 
MINUTES ON THE AVERAGE SHOULD BE REQUIRED FOR A USER TO SEARCH 
THROUGH THE DATA BASE INDEX AND LOCATE THE INFORMATION WANTED. 
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This memo addresses the problem of how many alternatives should be 

displayed on each index page in order to minimize the time required to find 

information (i.e., search time) by broadcast Telidon users. Two methods of 
broadcasting will be considered: (a) vertical-blanking-interval (VBI) 
transmission in which information is broadcast over the hidden TV lines of 

each TV frame (i.e., only part of a TV channel) and (h) full-channel 

transmission. Three analyses will be presented: 

(A) the Optimum for VBI transmission whén the number of documents 
in the data base is fixed and known, 

(B) the optimum number of alternatives/page for VBI transmission 
when the size of the data base (document pages plus index pages) 

is fixed and known, and 

(C) the optimum for full-channel transmission when the size of the 

data base is fixed and known. 

The length of time required by a user to find information in the data 

base, i.e. search time, will probably be a fundamental d éterminant of system 
appeal and satisfaction for the user. It is reasonable to assume that people 

will refuse to use any retrieval system having excessively long search times 

(STs). Thus, the shorter the average Si, the higher user acceptance and 

satisfaction with the system should be, and the more people should tend to 

utilize Telidon's services. 

Search time varies as a function of six different factors: (a) the 

time it takes to read the alternatives on each index page, (h) the time 

required to select and press the appropriate keys on the keypad, (c) the 

average waiting time until the correct page is grabbed by the terminal from 

the continuous stream of database pages being broadcast sequentially over 

the TV channel, (d) the average number of pages in each docyment, (e) the 

strategy employed by users in their search for information, and (f) the numher 
of alternatives displayed on each index page. 
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Formulae were derived giving the relationship between ST and those 

6 factors. Then, these equations were used to generate predicted STs by 
substituting in estimated reading rates, computer response times, data base 

sizes, average sizes of documents, no. of alternatives/page, etc. 

The major results of these three analyses are as follows: 

A. Broadcast Telidon with VBI Transmission: 

(1) Too few or too many alternatives/page produces excessively long 

search times. The shortest search times occur for an intermediate 

number of alternatives/page; see Figures 2 and 3. 

(2) The time required to find information in the data base when only 

2 alternatives are displayed on each index page could require 
anywhere from 2 1/2 to 6 1/2 times as long as the optimum ! 

(Analysis A) 

(3) The optimum number of alternatives per index page is always 10 
or greater for data bases containing 100 or more document pages; 
see Table 1. (That is, information can be found most quickly 

when there are more than 10 alternatives per page)  

.(4) Limiting the number of alternatives per page to a maximum of 10 

will increase the time required to find information in the data base 

over the optimum search time. However, for a maximum of 10 
alternatives/page, search times can be kept with 41% of the optimum 
provided that the "local' optimum number of alternatives/page 

(i.e., the number of alternatives/page between 2 and 10 that 
minimizes search time) is employed. 

(5) If the number of alternatives per page is limited to a maximum 

of 10, then as many alternatives as possible should be displayed 

on each page. Fewer than 6 alternatives/page should definitely 



be avoided because the search times become seriously inflated. 

When limited to displaying a maximum of 10 alternatives/page, 

search time is minimized under almost all conditions by 

displaying the maximum of 10 alternatives on each index page. 

(6)- The optimum  number of alternatives Per page depends critically 
On the Size of the data base;  see  Tables land  2. The optimum • 

increases as the number of document pages (or the total  number 

of data-base pages) increases; see Figure 1. 

(7) Data bases containing more than 300 document pages will probably 

require more time to search and retrieve target information than 

most people would be willing to spend. Search times would probably 

average anywhere from 3 to 7 minutes! (See Figures 2 and 3.) 

B. Broadcast Telidon With Full-Channel Transmission 

(8) Thé optimum number of alternatives per index page is less than 

10 for:Some conditions and greàter than 10 for other conditions 

- (see Tables 3 and 4). 

(9) Limiting the number of alternatives displayed per page to a 

maximum of 10 can increase search time up to 21% above the 
optimal. Under most of the conditions considered, however, 

search times for a maximum of 10 alternatives/page are within 

10% of the optimal. 

(10) Search times are exceedingly long when compared with the 

optimum for fewer than 6 alternatives/page. For example, search 
times with 2 alternatives/page range anywhere from 30 to 300% 
longer than the optimum. Increasing the number of alternatives/ 
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5,000 pages 

10,000 pages 

15,000 pages 

23-19 sec 

41-113 sec 

59-140 sec 

page can reduce search times significantly, although even,: 

as many as 5 alternatives/page can lengthen search time by 

56% over the optimum. 

(11) DATA BASE SIZE 	 PREDICTED SEARCH TIMES* 

* Assumes effective data rate equal to 362,880 bytes/second. 



DEFINITIONS

waiting time (trt) - the time that a user must wait after making a page

request until the page begins to be disployed.

Waiting time is equivalent to computer response time

for interactive Télidon and to the broadcast réspônse

time for broadcast Telidôn.

search time (ST) ', -, the time required by a user to complete a search

through the data base tree index and find the,dôcument.

wanted; it is the time from when the user begins his

search on Telidon,until the document is retrieved, and it

inc_lûdes the time required to retrieve each:ôf thé,index

pages in the sequence leading to the document.

NOTE - that sèârch time and waiting time are r'rôt the

same thing at all. Waiting time is the tim e that a

user spends waiting for a single page to be retrieved whereas

search time is the time,that a user spends retrieving mâny

index pages until the target document is retriéved..

data base - consists of all the pages of information.that.Ean be

retrieved by a user and displayed on a Telidon terminal

(or modified TV). It consists of both document pages

and index pages. .
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document - is a collection or set of pages (called document pages) 

containing the information of interest to users. A 

document page is a content page. A data base can contain 

many documents, each document consisting of many 

document pages. 

index - is the set of pages (called index pages) which the user 

can use to locate target documents. Each index page 

consists of a number of alternatives. An index page is 

also called a menu page. 

P = the total number of pages in the data base, including both index and 

document pages; 

d = the number of documents in the data base; 

i = the number of index pages in the data base; 

a = the number of alternative choices offered on each index (i.e.,  menu page. 
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INTRODUCTION  

The present  analyses  are based:on.a similar:analysis:for'interactive 

Telidon (see Tech. Memo BRG 79-4). The reader is directed to that memo for 

a more detailed discussion of the assumptions and conditions underlying this 

type of analysis. 

To assist users in their search for information in a data base, a tree 

index can be provided. To locate a document in the data base using the tree, 

a user must choose among the alternatives displayed on each of a series of 

index pages. For a given data base the number of index pages that must be 

accessed to locate the target document depends upon the number of alternatives 

displayed per index page and vice versa. Increasing the number of alternatives 

diPlaYed on each page decreases the numben, of index pages that must be àccessed in 
retrieving a target document. 	 " 

Since fewer index pages must be accessed to locate any given document, 

there will also be a reduction in the total length of time spent by users 

in accessing index pages. At the same time, however, increasing the number 

of alternatives per page increases the number of alternatives that must 

be read per page, thereby increasing the time required by users to complete 

their search of each index page. The overall effect of the number of alternatives 

per page on search time (the total  • length of time required by a user to find 

target information in the teletext data base), will depend upon (a) the time 

it takes to read the alternatives on each index page, (b) the time required 

to select and press the appropriate keys on the keypad, (c) the average 

waiting time until the correct page is grabbed by the terminal from the 
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continuous stream of database pages being broadcast sequentially over the TV

channel, (d) the average number of pages in each document and (e) the

strategy employed by users in their search for information. The relative

contribution of these five factors will determine whether the total search

time is increased or decreased when the number of alternatives per page is

increased.

The length of time required by a user to find information in the data

base, i.e. search time, will probably be a fundamental determinant of system

appeal and satisfaction for the user. It is reasonable to assume that people

will refuse to use any retrieval system having excessively long search times

(STs). Thus, the shorter the average ST, the higher user acceptance and

satisfaction with the system should be, and the more people should tend to

utilize Telidon's services.

I
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ANALYSIS A 

BROADCAST TELIDON WITH VBI TRANSMISSION (OPTIMUM AS A FUNCTION OF NUMBER 
OF DOCUMENTS) 	 

In the analysis of interactive Tel  idon (TECH MEMO BRG 79-4), the 

relationship among the number of documentsin the data base (denoted d), the 

number of alternatives per index page (a), and the number of index pages 

that must be accessed to locate target information (p) was given by: 

(1) 

or equivalently by: 

(2) p 	log d/log a 

When  p a, and d are all integers, Equation 2 gives the exact number 

Of index levels that must be accessed to retrieve any document. In such 

cases, any document requires exactly E index pages to retrieve. 

Nbwever, when some documents in the data base require more index pages 

to retrieve than others, the average number of index pages required to 

retrieve a randomly selected document could be anywhere from the minimum 

to the maximum number of index pages required to access a document in 

the data base. That is, 

Pn 



Pm  

Pn 

where -b7 	the average length of path through the tree (that is, the 

average number of index pages that must be accessed to 

retrieve a target document); 

= the maximum number of index pages required to retrieve a 

document in a given data base; 

= the minimum number of index pages required to retrieve a 

document in a given data base. 

In this case, Equation 2 only provides an approximation of the average 

number of index pages. 

For large data bases and relatively rapid computer response times 

(as considered for Tel idon in TECH MEMO BRG 79-4), Equation 2 provides 

a more than adequate  approximation. of  this average for use in computing 

search times. For the small data bases and relatively long 

waiting,' times that will be characteristic of broadcast Telidon, however, 

the use of Equation 2 can lead to serious errors. The following analysis 

will be used to compute accurate search times based on a more precise 

estimate of the number of index pages that must be accessed to retrieve 

target documents. 

Let pm  represent the maximum number of index pages that must be 

accessed to retrieve a document in a given data base. Then the maximum 

number of index pages at level sem  of the data base is aPm - 1 . . If each 

of those index pages accessed a documents, then the maximum number of 

documents that could be accessed at the highest index levèl 	is aÀui  . However, if the 

actual number of documents in the data base is less than the maximum 

number possible (that is, if d< aPm), then 'aPel d of the possible documèht 

esitiens- at the hottom level  of th P trPe will not hP fillPd hv documents and can 

therefore be dropped from the tree. Furthermore, some of the index pages at level pm 

 will not be needed (for index pages are not needed to access documents that do not 

exist). Each of these unnecessary 
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index pages at level pm  can be replaced by one of the d document pages from 

level pm-11"1 of the tree with a consequent reduction of a in the number of 

documents that can be accessed at level pel of the tree. However, since 

a document from the bottom level (pel) of the tree has been moved up one 

level in the tree, there is an  •actual reduction of only a - 1 in the number 

of document positions that do not need to be accessed (because these 

documents do not exist). In other words, the index pages not needed at level 

pm  of the tree can be considered to have accessed one actual and a - 1 non-

existent documents. The non-existent documents are dropped and since there 

is only a single actual document remaining, it can replace the unnecessary 

index page at level pm . Thus, for every a - 1 documents dropped from level 

pm+ 1 of the tree, there will be one actual document placed at level pm  of 

the tree. The number of documents accessible from the second last (i.e. pm  - 

and the last (i .e. pm ) index levels of the tree are, respectively: 

(3) n = [a Pm  - di 
La-1J - 1 

(4) m = 	d 

where the number of docUment requiring Pri‘  1 index pages—to 
retrieve each (that is, the'number of documents at level 

of the tree); 

-the neber of documents requiring pm  index pages to'retrievé 
each  (that is, the liumber of documents at level p -I  of  m 
the tree);_ 

= 	the maximum number of index pages that must be accessed in 
retrieving a document; 

dendtes that the value of the term within'the sémi-brackets 
should be truncated, that is, the fraCtion should be drOpped 
to leave an integer number. (For àample, if a 7 3, d = 12, 
pm 	3, then n = 12•ti = 7.) 

Note that all d documents in the data base are accessible from the last 
two levels of the tree. 

Li 
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The term within the semi-brackets in Equation 3 can take on fractional 

values. However, since the number of documents at level Em  of the tree 

must be an integer value, the semi-brackets are required to integerize the 

term. Fractions of documents cannot occur in this system. The term on 

the right hand side is truncated rather than rounded up to the next whole 

integer because e when a-1 does not divide evenly into aPin - d, it implies 

that there is a remainder of less than à-1 unnecessary documents at the 

base of the tree. Since the potential for displaying an entire set of 

a-1 documents is lost whenever  an  actual document is substituted for 

an index page at level pm  of the tree, the ability to display some actual 

documents would be lost because only a-1 unnecessary document positions 

remain. The extra actual documents, therefore, must be displayed at the 

base of the tree (i.e. at level p m  r 1). 

It should be noted that the value of pm  to be used in Equation 3 

is given by 

(5) pm  = [log d/log ;1 

where the semi-brackets indicate the value of the terni  within'the brackets 

should be rounded up to the next higher integer. (For example, if d = 12, 

a = 3, then pm  = p.261 . 3.) 

The terni on the right hand side of Equation 5 is rounded up to the 

next whole integer because any fraction (no matter how small) necessarily 

implies that an extra level must be added somewhere to the tree in order to 

accomodate the extra documents. Consider, for example, a data base 

containing 100 documents with 10 alternatives per index page (d = 100; a = 10). 

Only 2 index levels are required to access any of the 100 documents. But 

adding just one more document to the data base requires adding a third level 

to the index pages to access the extra document. 
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Recall that every document is accessible on either the last or second last 

level of the tree. 

ASsuming that every document is accessed eqUarly often, the 	, 

probability that the document being soUght will require 2. index levels 
is m/d because m of the.edocuments are at level s6r ,Similarly, theProbability 

that it will require Em  - 1 index leVels . is'n/d: 

(6) .  P(I = pm ) = m/d 

(7) P(I = p - 1) 

where 	= the number of index. levels that  must  be accessed; 	. 

P(I = pM) - the probability that'2m  index  levels will be required to 

retrieve a document. 

Therefore, the average length of path throughlthe tree (i.e..the 

average number of index pages that Must beeecésSéd'tà find target 

information) is given y: 

(8) 17 = (n/d) (pm  - 1) + (m/d) (pm ) 

- pm  - n/d 

John Storey estimates that 100 data-base pages can be wrapped around 

(cycled) in 20 seconds using the hidden TV lines on a given TV channel. 

That is, each page of broadcast Telidon information requires 1/5 second 

to transet. However, assuming random entry of request in cycle, the 

expected number of pages (index and documents) that must be cycled past the 

frame grabber before reaching the target page is given by: 1/2 P. Then 

(9)  trt = tb 	1/2 P 

= 1/5 • 1/2 P 

= 1/10 P 
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where 	trt = expected response time until target page is displayed in 

broadcast mode.(i.e. waiting time); 

tb 	= average time required to broadcast a single page of informations 

P = the total number of pages in the data base (inéluding documents 
and index pages). 

(10) tc = tb • P 

= 1/5 P 

where 	tc 	= maximum waiting time until target page is displayed in the 

broadcast mode, also called cycle time. 

The total number of pages in the data base, P, including both index 

and document pages, is given by: 

(11 ) 	P 	d +- 

where i = the number of index pages. The k*e level of the index consists of 
.1 

ek  pages. The total number of index pages is the sum_of the number of index 
pages at each level of the tree. 

- (12) i = a ° -1- al+ 	
D 

m 	
2  -11-( aPm - 1  -ii) 

The  last term in Equation 12 is the humber of index pages at the tast index 
level (i.e. pm )

• 
 Recall that n of the maximum number of index pages possible 

at this level have been replaced by document pages. By summing over all 

preceeding terms, we have: 
(13) j 	m - 1 	, 

a" 1-( aPm - 1  - n) 
k0  



(15) 	= d + al3111  - 1  - 1 	+ aPfli.- 1  - n 
a - 1 

+  am 7  

- 16 - 

By substitution, Equation 11 is equivalent to: 

Pm - 1 
(14) P = d + E a'  #a"  

. k=0 

, The iluMbér of—index  pages, t;'equals:the number of index  pages in 

levels . 1 to pm  1 of the data base plus the . number Of index pages  at 

level pm  of  the data base (reC,all that 'n of the.„pages at level pm  will 

contain documents). - 

Response time of the computer is, therefore, 

(1 ' )  trt = 1/10 (d + aPm 	- 1  - a - 1 

The expected search time, ST, for a Teletext document is given by 

the following equation which corresponds to Equation 4 in Tech 'Memo BRG 79-4 

(except that 7à11 has been substituted for p): 

(1 7) ST 	= 	(E(A) • ta  t t)  + tp  
P 

which, upon substitution oft=trt tt kp  is equivalent to . 	p 	' 

(la; ST 	= 	(E(A) • t a  + tkp  + trt ) 	tkp  f trt  

where 	ST 	- expected total search time; 

. the average number of index pages that must be accessed 

to retrieve a document; 

E(A). 	= eXpected number .of .alternatives on a page that must 

be searched before the target  index  term is foLind; 
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ta = time required to read and process one alternative (i.e.

reading rate for users);

tp = time required to push keys and begin to display next page

(i.e. broadcast Telidon response time);

trt = expected response time until target page is displayed in

broadcast mode;

tkp = time required to make a key press.

Note that the last two terms (i.e. tkp t trt) in Equation 18

represent the time required to retrieve the document page while the

first term on the right hand side of the same equation represents

the time required to retrieve the p index pages.

For all analyses reported in this tech memo, Equation 18 was employed

in making predictions and the time required to press the appropriate keys on

the keypad was always assumed to be one second (i.e., tkp = 1). Observation

suggests that approximately one second is required to press the keys after

an alternative has been selected from an index page. Furthermore, all

predictions assume that each page in the data base requires 1/5 second

to broadcast (i.e., tb - 1/5 sec).

Example: What is the average amount of time required to search a

broadcast Telidon data base containing 100 documents when 9 alternatives

are displayed on each index page and the user employs an exhaustive search

strategy while reading alternatives at the rate of one every 1/4 second?

I
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That is, d = 100, a = 9, ta = 1/4, E(A) = a. 

The maximum number of index pages accessed is 

pm  = riog d/log al 	= [2/.954241 = r2.09591 = 3 

The number of documents that require 2 index page retrievals to access is 

n = LaPm - di  = [93  - 101  = L78 625j  - 78 
a - 1  

The number of documents that require 3 index pages retrievals to access is: 
m = 	d - n = 100 - 78 - 22 

= 	prn  - n/d - 3 - .78 = 2.22 

a - 

' 100 + 92 - 1  + 92 - 78 
8 	. 

= 100 + 10 + 81 - 78 = 113 	. . 

t 	1/10P + 1 - 1/10 (113)' + 1.= 12.3 

ST(a9) = 	(E(A) 	ta 	+ t 

= 2.22 . (9  - 1/4 	12.3) + 12.3 

= 44.60 seconds 	. 	. 

Search time is predicted to be 44.6 seconds on the average under these 
conditions. 

1-5" 
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ANALYSIS B 

Broadcast Telidon with VBI Transmission (Optimum As a Function of 
Data Base Size)  

If the size of the data base (P), rather than the number of 

documents (d), is fixed at the outset, then the following analysis 

can be used to predict the optimum number of alternatives as a function 

of P. First, you must solve for d in terms of P. 

To solve for d, start with Equation 15. 

(15) P = d t a Pn1-1  - 1  + a Pn1-1 	- 
a - 1 

By substitution for n and rearrangement, 

d 	p _ (a1)m1 _ 	_ aPm 	t [a_Pm.._ 

	

a - 1 	 a - 1 

Since the first 3 terms on the right hand side of this equation are 

integers and the .  fourth term is the only one that must be integerized, the 

operation oft.  1 i.e., rounding down, can be applied to the entire 

right hand side of the equation. 

d = I P -  am -1  - 1  - aPm-1  .+ a Pm 	- 	d  
a - 1 	 -a-7-171F 	a - 11 ..  



-d- 	.= - a Pm -1  - 1  - aPm -1  
a - 1 

ad -d # d 	= 	(a - 1) 	P - aPm -1  - 1  - aPm -1 	aPm 
a - 1 	 a - 1 

a PM -1 	a PM 

- 

(a -1) d 4. d 

a - 1 

p -1 -  am 	- 1 
a - 1 

[ = 	a - 1 	P - 	
a 

aPm -1  - 1  - aPm -1  + 	Pm 
a 	 a - 1 	 î.-771-  

= Ka 1) 

= [(a ; 1) 

d = Ka - 1) .  
a 

( . 1e) d = LaP P + 1 j 
a 

Equation19 gives d in terms of two variables, a and P, both of which are 
known and fixed in any simulation. This equation was used to solve for d in 
generating the predictions for vertical-blanking-interval (VBI) transmission 
broadcast Telidon. 
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By rearrangement, Equation 19 can be rewritten as: 

(20) d = LP - 1 (P 	1)] 

It is easy to see from Equation 20 that the number of documents 

equals the total number of pages in the data base minus the number of 

index pages. In other words, 

(  21) 	i 
a 

The number of index pages depends only upon the number of alternatives/page 

and the data base size. 

The maximum number of index pages that must be accessed in retrieving a 

document can be determined in either of two ways (assuming each document 

consists of only one page). First, p_ is the smallest value for which 

d + i> P where d, i, P, and p_ are all integer valued, d.= aP and i = aP - 1. 
a - 1 

Second, by the following equation: 

(22.) p = ['log LP - 1/a(P - 1)j /log al 

Equations 19', 22, and 18 were used for generating predicted search times. 



ANALYSIS C  

Broadcast Tendon With full-ChannéLTransmi :ssi .on_Optimum As a gunction 
of Data Base Size  

When an entire TV channel is dedicated to broadcasting a data base, 

many more pages of information can be transmitted in the same period of 

time than when only part of a channel is used as in vertical-blanking-

interval transmission (see attached memo). With only one alteration 

the VBI analysis can be extended to predict STs for the full-channel 

case. In the VBI analysis, it was assumed implicitly.that each document 

contained precisely one page of information. For such small data bases 

as are likely to be transmitted via vertical blanking intervals, such 

an assumption will undoubtedly prove to be a relatively accurate prediction. 

For the much larger data bases that will probably be • characteristic of 

full-channel transmission, the average sized document is likely to 

contain anywhere from 2-5 pages of information. 

The VBI analysis can be extended to the full-channel case by indorporating 

a new variable, f, the average number of frames or pages of information in 

a document. 

If it is assumed that each document in the data base contains f frames 

(i.e., pages), then the previous analysis can be generalized by the following 

equations. First, the total number of pages in the data base equals the 
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number of documents times the average number of pages per document plus 

the number of index pages. (Of course, when f = 1, P = d -1- i as in Equation 

11.) 

	

(22) P = 	df;+ 

	

df = 	P - i 

where f = the average number of pages of frames of information in a 

document. 

By substitution for i (see Equation 15): 
4 

1.... 
df = 	P - aPm -1  - 1  - aPm -1  + 	aPm 	- 	d 1..] 

a - 1 	 a - 1 	a -  

df + 	d 	P - aPm -1  - 1  - aP111-1  + 	a Pm  
a - 1 	 a - 1 	 a - 1 

(a - 1) df +d=IP- aPm -1  - 1  - aPm-1 	aPm  
a - 1 	 a - 1 	 a - 1 
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I
adf - df = I aP- - P

l aP -P+1
af- f.+

apm-1 +

It can be seen that, by substitution.of f= 1.(thàt is, by assuming

that all documents ,are exactly 1 page long) in the last equation, the

special case of d in Équation 19 is ôbtâined.

In general, when each document contains an average of f pages, the

value of p is given by:.

(26 P [ log . I aP - P+ .1 I/1 og a
Laf - f +1^.J

With appropriate evaluation of d and p by Equations 24 and 25, respectively,

Equation can then bé employed to generate predicted search times.for the

fu1lTMchannel transmission case.

I

I
1
1
I
I
I
1
I
I
I
I
I
I
I
I



- 25 - 	 175 

Waiting time, trt , until the next page is displayed equals one-half 

the cycle time, t. Cycle time is the time required to broadcast every _c  

page in the data base once. 

(26) 	trt 	tc/2 

Cycle time is given by: 

(27) tc 	BP . P/EDR 

and the effective-data rate it 

(28) EDR 	BL . NL . C 

where BP = the average number of bytes of information per Telidon 

page (in bytes/page); 

P = data base size, i.e., the number of pages in the data 

base (in pages); 

EDR = the effective data rate (in bytes/sec), it is the average 

rate at which information is broadcast; 

BL = the number of data (information) bytes per TV line (in 

bytes/TV line); 
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NL = the number of usable TV lines in a field (in TV lines/ 

field); 

= the cycle rate for the fields fields/cycle). 

Thus, cycle time is the total no. of lines of information in 

the data base divided by the average rate at which information is 

transmitted. The effective data rate depends upon the number of 

bytes/TV line, BL. Two data rates are considered in these analyses: 

BL = 16 and 24 bytes/TV line. The corresponding effective data rates 

are 241,920 and 362,880 bytes/sec, respectively, assuming that the 

average Telidon page contains approximately 600 bytes/page. Sixty 

fields are transmitted each second (i.e., C=60 fields/sec). 



SIMULATION ASSUMPTIONS 

Predicted search times were generated for each analysis based on the 
following assumptions and conditions. 

Analyses A and B  

1. Users anploy either an exhaustive or a self-terminating search strategy. 

2. Users read at a rate somewhere between .25 and 2 seconds per 
alternative. 

3. The number of documents varies from 100-900 (see Table 1). OR 
The number of pages in the data base varies from 100-900 (see Table 2). 

4. Each document contains a single page of information. 

5. The effective data rate for vertical-blanking-interval transmission is 
3000 bytes/second. 

6. In constructing the tree, a alternatives are displayed on each index 
page in the data base. 

$. Users do not make any errors when searching for information in the 
Telidon data base. (Errors would increase the expected search times.) 

Analysis. C 

1. Users auploy either an exhaustive or a self-terminating search strategy. 

2. Users read at a rate somewhere between .25 and 2 seconds per alternative. 

3. The size of the data base (including both index and document pages) varies 
between 5,000 and 15,000 pages. 

4. Each document contains, on the average, somewhere between 2-5 pages of 
information. 

5. The effective data rate for full-channel transmission is either 362,880 
bytes/second (24 bytes per TV line; 252 lines per field; 60 fields/second) 
or 241,920 bytes/second (16 bytes per TV line). 

6. In constructing the tree, a alternatives are displayed on each index page. 

7." Users do not make any errors when searching for information in the 
Tel idon data base. 
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RESULTS 

It was not entirely clear just how many 
alternatives could be displayed  •on a single index page 
without impairing the user's ability to read and 
without making each alternative so short that its 
meaning becomes unclear. Presented in Figures 4 a, 13, 
c, and d are examples of displays with 20, 40, 60, and 
80 alternatives on an index page. Since many 
alternatives in the present Telidon data base exceed 
the maximum length allowed for 60 and 80 
alternatives/page, it is unlikely that any• information 
provider would ever use more than 40 
alternatives/page. Therefore,• the number of 
alternatives/page was varied between 2 and 40 in 
generating nredictions from these three analyses. 

Analysis A  

In deriving the.predictions presented in Table 1 
and Figures 1-3, the number of-dOcuMent paë;tés in  the 
data base Was systematically varied froffi'100 to 300 to 
500 to 900. In all cases the size.of the 
corresponding data base must be larger than the number 
of documents becauSe the data base includes•'both index 
and document pages.. Thus, when thé number .  of , 
documents equals 100  and the number of alternatives 
per page is 10, the- number of pages in the data base 
is 111 (i.e. P = d 	i ) . 

The optimum number of alternatives for different 
user search stratégies, reading  rates, and numbers of 
documents iS displayed in Table 1, From this table it 
can be sèen that,  for the'conditions considered, the 
optimum is always lp or more alternatives per index 
page. This result contrasts sharply with that found 
for interactive Telidon,,where'the optimum waS alWaYs 
10 or less. This difference in Optimums for 
interactive and broadcast Telidon is attributable (a) - 

 to the much longer system response times for broadcast 
Telidon (10-90 seconds for. broadcàst Telidon.compared 
to 1/2 - 1 112 seconds for Telidon) and (b) the much' 
smaller broaàcast Tendon data bases. '.: 

Ptedicted'SearCh times  are  presented in 'Figures .2 
and 3 for varying numbers of documents assumes 1/13i 
transmission). It can be seen that search times are: 
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minimized for intermediate values of a, the number of
altnatives/page. Too few or too many
alternatives/page nroduce much longer search times.
The slowest search times occur when only 2
alternatives are displayed on each index page. For 2
alternatives/page the search times are 2 1/2 to 6 1/2
times as long as the optimum!

The optimum number of alternatives/page is always
10 or greater for data bases containing 100 or more
document pages (see Table 1). However, unlike
interactive Telidon, the optimum depends on the number
of documents in the data base. The optimum increases
as the number of document pages in the data base
increases (see Figure 1).

If the number of alternatives/page is limited to
a maximum of 10, then the expected search time will be
slower than optimal. Provided that the optimum
between 2-10 alternati.ves/paqe is used, search times
can be kept to less than 41% slower than the overall
optimum. In most cases, the local optimum between 2
and 10 is 10 alternatives/page. If fewer than 10
alternatives are displayed per page, then search times
will be considerably slower than the optimum. Thus,
as many alternatives as possible should be displayed
on each index page. That is, as close to 10
alternatives as possible should be displayed oneach
page.

Regardless of whether there is or is not a limit
on the number of alternatives/page, no fewer than 6
alternatives should be displayed. Search times become
inordinately long when 2-5 alternatives appear on each
index page. For 100 document pages, search times for
6 or more alternatives will not be more than 25%
slower than the optimum. For 300 document pages,
search times for 6 or more alternatives will not be
more than 70% slower than otatimum.

Data bases containing more than 300 document
pages will probably require more time to search and
retrieve tarqet information than most people would be
willing to snend. Search times would probably average
anvwhere from 3 to 7 minutes! (See Figures 2 and 3.)
For a small data base with only 100 document nages,
predicted search times ranqe between 35 and 90 seconds
(provided that somewhere between 5 to IA alternatives
are disnlayed on each page); see Figures 2a and 3a.
For 300 document paaes, search times should range

179

I



180 

between.100 én• 175 SeçOnds, (ProVided that -between 15 
and 20  alternatives  are  displaved on-each pale) .1 'see 
Figures .  2b and 3P.- 

Predicted optimums for varying sizes of data 
bases (assuming VBI transmission) are presented in 
Table 2. These results are similar to those generated 
from Analysis A in that the optimum number Of 
alternatives per page is 10 or greater for almost any 
conàition. From Table 2, it can be seen that the 
optimum does not vary either with user search strategy 
or with reading rate. It does vary directly, however, 
with the size of data base; increasing  the size of the 
data base increases the optimum number of alternatives 
per page. Predicted search time is plotted as a 
function of the number of alternatives/page in Figures 
6 and 7. 

' 	PrediCted oPtiMuMS : for VaryingisiZes of 'data. 
bases  (aSsuming full-channel:transMission) are- 	. 
presented in Tablésl,and  4. User  search'sttategV, 
does not affect  the  optimum very much.::The oPtimumis 
lower for faster readers than it is'foslower 
readers .  Increasing the size  of the data basé 
increaSes the optimum number,of alternatives'per page. 
IncréasingthéaVerage niimber_of pagésper'dbdument 
dedreaSea the optimuM.: increaSing the'ef .eeptive data.. 
rate frOM 241,920:to  362,880 'bytés/seCond haS very: 
little effect'On the CptiMum.,. The optimum is:neither 
conSistently 'OVer nor . under 10 alternatives.per 
page. Predictecf,search- times are presented'in Tables 
5a  through h for What isassumed.to  be' a.typiçal 	, 
Telidon  user  (i.e., à reading rate:of;,1 	I 
sec/alternative is assumed), 

Table 5 presents the range of expected search 
times within which actual search times should occur 
for different sized data bases and different rates of 
data transmission. Increases in the size of data base 
appears to increase STs linearly. The higher data 
rate of 362,880 bytes/sec reduces search time but not 
by that much (i.e., a 50% increase in the rate of data 
transmission results in only a 1 (  - 25% reduction in 
ST). In most cases, STs are in the order of 1-2 
minutes. On the face of it, this appears to be an 
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acceptable range of STs but only empirical research 
can answer the question definitively. 

Search times are exceedingly long when compared 
with the optimum for fewer than 6 alternatives/page. 
For example, search times with 2 alternatives/page 
range anywhere from 30 to 300% longer than the 
optimum. Increasing the number of alternatives/page 
can reduce search times significantly, although even 
for as many as 5 alternatives/page can lengthen search 
time by 56% over the optimum. 

Limiting the number of alternatives displayed per 
page to a maximum of 10 can increase search time up to 
21% above the optimal. Under most of the conditions 
considered, however, search times for 10 or fewer 
alternatives/page are within 10% of the optimal. 

Figures 5a to 5h display the relationship between search time 
and the number of alternatives/page for the average reader 	Figures 6-17 
display the relationship between search time and the number of alternatives/ 
page for both the slowest and fastest readers. Thus, in Figures 6 -17 the 
predicted search times of all readers should fall somewhere between the 
two exterior function curves on the graph . 
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A keypad would be most useful if• the optimum was 
always 10 or fewer alternatives/page for then'the 
numeric, rather than an alphabetic, coding scheme 
could be used for index pages. Since the optimum 

 sometimes exceeds 10 for full-channel transmission, a 
keyboard with alphabetic capability appears necessarY. 
There are, however, two powerful alternatives, either 
of which would permit the retention of the keypad. 
First, the numeric keypad could be retained, if each 
alternative on a page was assigned a two-digit code 
name (see Figure 4). When document page numbering 
depends upon the numbering of pages, doubling the 
number of digits assigned to each alternative 
essentially doubles the number of digits required for 
coding each document page. While doubling the number 
of digits would probably be a real problem for very 
large data bases such as interactive Telidoh (for' 
example, a 16 level tree would require an unwieldy 
32-digit number for each document page), doubling will 
probably have only a relatively small effect on small 
data bases characteristic of broadcast Telidon with 
VBI transmission (where only 2-4 index pages, i.e., 
4-8 digits, would be required to access a given 
document). For, relatively small data bases that are 
likely to be made available on broadcast Telidon with 
VBI transmission (i.e. 100-1000 pages), doubling the 
number of digits will probably have very little effect 
on the user (because a document could still be 
accessed directly with only 4 - 8 digits). Moreover, 
if there are fewer than 100 documents in a data base, 
then the optimum number of alternatives per page will 
be less than 10 for most conditions. In this case 

' there is no question that a numeric keypad would be 
satisfactory. 

Second, the  number-of alternatives displayed:pet 
page could be limited to a maximum of 10. This is  a - 
particularlyatttactive alternative in the casé of 
full-channel-  transmission because search times will, 
at worst, be no more than 21% longer for à maximum of 
10,alternatives/ page,than fôr the optimum.. moreover, 
under most conditions, search times will be no more 
than 10% longer than optimum., 

Limiting the number of alternatives/page,to 10, 
then, is highly 'recommended as the 'solution for 	' 
maintaining . a - numeric keypad for broadcast Telidon 
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with full-channel transmission. Unfortunately, no 
clear recommendation can be made for the case of VBI 
transmission. Search times for a maximum of 10 
alternatives/page are, in some cases, moderately (over 
50%) longer than the optimum. moreover, the optimum 
is always 10 or more for any data base containing 100 
or more document pages. The choice between 
double-digit coding and setting a maximum is a 
difficult one. Empirical work may be necessary to 
assess more accurately the impacts of these two 
strategies. 

From Figures 2 and 3, it can be seen that, for a 
very small data base containing about 100 documents, 
the search times are not likely to be considered 
overlong by the broadcast Telidon user (most people 
would probably require between 2/3 and 1 1/3 minutes 
proVided that the optimum number of alternatives was 

.presented on each index page). For a data base 
containing 300 documents, users would probably require 
2-3 minutes to find target information through the 
tree. It is not clear whether users would tolerate 
spending several minutes searching for information. 
However, for the 2 larger data bases of 500 and 900 
document pages, the optimum search times are in the 
order of 3-4 1/2 and 5 - 7 minutes! Probably not too 
many people would tolerate such long delays in 
locating information on Telidon. Empirical research 
is required to determine just how much time they are 
willing to spend searching. 

In contrast to search time for interactive 
Telidon, search time for broadcast (VBI) Telidon 
varies with the size of data base. Broadcast Telidon 
search time varies with the size of data base because 
broadcast response time (denoted t 	depends directly 
upon the size of data base. Interactive  Telidon 
search time does not vary with data base size because 
computer response time does not depend upon data base 
size. 
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.25 sec ' 	 11 	21 ' 	26 	. 	32 
. 	(10-21) 	-(18727) 	(23-33) 	(32-40) 

	

:50 	. 	. 	10 	' 18 ' 	' 23 	 30 
. 	(10-11) 	(18-20) 	(23-25) 	(30-32) 

	

.1.00 	 10 	18 ' 	23 	
_ 
30 .  

(10) 	- (17-18) ' 	(23) 	(30). 

EXHAUSTIVE 

2.00 	 10 	17 	22 	 30 

	

(10) 	(17-18) 	(22-23) 	(30) 

.25 sec 	 .26 	31, 	40 	 39 
, 	(13-40) 	(22740) 	(28-40) 	..(34-40) 

.50- 	 . 11 	21 	:3.5 
- (10-21) 	(18-27) 	( zi-33 ) 	(30 -40) SELF-

TERMINATING 

. 	TABLE 1. 	: 	. 

OPTIMUM NUMBER OF ALTERNATIVES ON 

. 	AM INDEX PAGE 	' 	I 	. 

FOR - BROADCAST TELIDON WITH,VBI TRANSMISS,ION a  (ANALYSIS A) 

USER SEARCH 	READING TIME 	 NO. OF DOCUMENT PAGES IN DATA BASE b  
STRATEGY 	PER ALTERNATIVE 	 100 	300 	500 	900 

1.00 	 10 	18 	23 	 30 
(10-11) 	(18-20) 	(23-25) 	(30-32) 

2.00 	 10 	18 	23 	 30 

	

(10) 	(17-18) 	(23) 	(30) 

a
The optimum for broadcast Telidon unlike that for interactive Telidon, varies with 
changes in the . size of the data base (i.e. the total number of documents). 

b
Table entries represent the optimum number of alternatives for the specified 
conditions. In parentheses below each optimum is given the range of the 
number of alternatives for which total search time is within 1 second of that 
optimum. Thus, when the optimum is 11 alternatives per page, any number of 
alternatives per page could be used between 10 and 21 without increasing search 
time by more than one second. 
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22 

22 

22 

22 

30 

30 

30 

30 

TABLE 2 

OPTIMUM NUMBER OF ALTERNATIVES ON AN INDEX PAGE FOR 
BROADCAST TELIDON WITH VERTICAL-BLANKING-INTERVAL TRANSMISSION 

(ANALYSIS B) 

USER SEARCH 	READING TIME 	 NO. OF PAGES IN DATA BASE  
STRATEGY 	PER ALTERNATIVE 	100 	300 	 500 	900 

	

.25 sec 	10 	17 	 22 	30 

	

.50 	 10 	17 	 22 	30 
EXHAUSTIVE 

	

1.00 	 10 	17 	 22 	30 

	

2.00 	 9 	17 	 22 	30 

SELF-
TERMINATING 

.25 	sec 	12 	17 

.50 	 10 	17 

	

1.00 	 10 	17 

	

2.00 	 10 	17 



I
I

TABLE 3

OPTIMUM NUMBER OF.ALTERNATIVES-ON AN INDEX PAGE FOR BROADCAST"
TELIDOIN WITH FULL-CHANNEL -TRANSMISSIQaN

AT A RATE OF 241,920,BYTES/SECOND
(ANALYSIS C)

-USER SEARCH READING TIME AVERAGE N0. OF NO.:.OF"PAGES:IN bATA BASE
STRATEGY PER ALTERNATIVE PAGES PER DOCUMENT 5'000_, 1000015000

I
t
I

EXHAUSTIVE

SELF-
TERMINATING

.25 sec
5

.50 2 13

2.00

2
5

1;4 .17 20
10. 13 .15

17 , . 20
10 13 15

.7
10

9 . 9
13 14

.5 8 9
7 8

1.4 17
32- 40

20
40

2 74 17 20
5 . 10. 13 . 15

2 7 17 20
.5 . . TO 13 . .15.

2 . 7 9 . 9
5 6 . 13 14

Assumes 16 data-byt6s per TV line for an éfféctivé data rate equal to 241,920
a

.bytes/second.

E
I
I
I
1

I
I
I
I
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TABLE 4 

OPTIMUM NUMBER OF ALTERNATIVES ON AN INDEX PAGE goR BROADCAST 
IELIDON WITH FULL-CHANNEL TRANSMISSION 

AT A RATE OF 362,880 BYTES/SECOND 
(ANALYSIS t) 

USER SEARCH 	READING TIME 	AVERAGE NO. OF 	NO. OF PAGES IN DATA BASE  
STRATEGY 	PER ALTERNATIVE 	PAGES PER DOCUMENT 	5000 	10000 	15000 

EXHAUSTIVE 

.25 sec 	 2 	 14 	17 	20 
5 	 10 	13 	15 

	

.50 	 2 	 7 	17 	20 
5 	 10 	13 	15 

	

1.00 	 2 	 7 	 8 	9 
5 	 6 	 7 	14 

	

2.00 	 2 	 5 	 6 	6 
5 	 4 	 7 	7 

.25 sec 	 2 	 14 	17 	20 
5 	 32 	40 	40 

	

.50 	 2 	 14 	17 	20 
SELF- 	 5 	 10 	13 	15 
TERMINATING 

	

1.00 	 2 	 7 	17 	20 
5 	 10 	13 	15 

2.00 	 2 	 7 	 8 	9 
5 	 6 	 7 	8 

aAssumes 24 data-bytes per TV line for an effective data ratet2equal to 362,880 
bytes/second. 



TABLE 5 

PÉDICTED SEARCH TIMES FOR BROADCAST 
TELIDON WITH FULLCHANNELTRANSMISSION 

EFFECTIVE 	DATA 	PREDICTED 	PREDICTED SEARCH 
DATA RATEa 	BASE SIZEb . • SEARCH TIMEc 	TIMES (at' 10)d 

241,920 	5,000 . 	30- 91 	 337 91 

	

'10,000 	54-135 	. 	65-135 

	

15,000 	817173 	 . 97-173 

362,880 	5,000 	23- 79 	 24- 79 

	

10,000 	. 	41-113 	 47-113- 

' 	15,000 	. 	59-140 	 68-140 

aMeasured in bytes/second. The effective data rate  is the 
rate at which information is broadcast over :a TV channel. It 
equals the product  • f (a) BL, the number of data-bytes per TV 
line, (h) NL, the number of usable TV lines in a field, and (c) 
C, the cycle rate in fields/sec. For a full-channel, NL = 252 
usable TV lines, and C = 60 fields/sec. For BL .= 16, the 
effective data rate = BL x NL x C = 241,920 bytes/sec. For BL: 
24, the effective data rate = 362,880 bytes/sec. 

bThe total number of pages in the data base including both 
index and document pages. 

eMeasured in seconds. The search times presented represent 
the range of optimal  STs. 

dMeasured in seconds. The search times reported represent the 
range of search times which are (locally) optimum given that the 
number of alternatives/page is limited to a maximum of 10. 
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FIGURE 2a: Search Time As a Function of the Number of Alternatives Per Index Page 
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SECURITY - CLASSIFICATION - DE SÉCURITÉ 

OUR FILE - N/RÉFÉRENCE 

YOUR FILE - V/RÉFERÉNCE 

DATE 

September 17, 1979 

T 
, 	Eric ,Lee 

FROM 
DE 	Bob FitzGerald 

Government Gouvernement 
of Canada du Canada 	 MEMORANDUM 	NOTE DE SERVICE 

SUBJECT 
°M ET BROADCAST TELIDON WAITING TIMES (FULL-CHANNEL TRANSMISSION) 

As discussed this morning on the rtelephone,  here are some calculations 
of the average waiting time for reception of a broadcast Telidon page. Note 
that the waiting time is the sum of the interval between the user's request 
and the receipt of the first line of the page, and the actual transmission time 
for that page. 

Assumptions  

- Full-channel transmission (NL = 252 usable TV lines) 

- No. of data-bytes per TV line (BL) = 16, 20, or 24 

- Avg. no. of bytes per 'Tendon page (Bp) 	600 

- No. of pages in broadcast cycle (Np) > 80, to ensure that any two lines 

from one specific page are separated by at least 5 msec. 

Effective data rate (fp) = BL X NL X 60 

e.g. BL = 24 

fp = 24 bytes  x  252 lines  x  60 fields  . 362880 bytes  
line 	field 	second 	second 

CYCLE TIME (t e) = 600 X Np  

fD 
e.g. Np = 10000, te  = 600 X 10000=  16.5 sec. 

362880 

or, alternatively, 

, 

 

Np .= te  X fp 

600 

e.g. t e  = 20 sec., Np = 20 X 362880  = 12096 pages (average) 
600 

The first component of the waiting time ti is 0 < ti < te  

Average value of t 1  = te  

2 

• • • 2 
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2 

Thus if tc  = 20 sec, ti = 10 sec. 

The second camponenet of the waiting time t2 is the time required to transmit 
the desired (average) page. 

The number of TV-lines required to transmit the average 600-byte page is 

Lp = 600 
BL 

e.g. BL = 24, LP = 600 = 25 lines 
24 

If we assume that lines of information are interleaved such that 1 out every 
100 TV lines contains data from the desired page, the total number of TV lines 
in the interval required for transmission of one complete page is 25 X 100 = 
2500, and the transmission time will be 

t2 = 	 2500 lines = .165 sec. 
252 lines/field X 60 Field/sec 

Thus the total waiting time, using the assumptions listed above, will be 

t = t1 	t2 = 10.165 sec. 

It should be mentioned that the considerable difference between t1 and t2 

is particularly marked in the full-channel case. If vertical-blanking-interval 
(VBI) transmission is assumed, the results are quite different. 

I hope this analysis is of some assistance to you. Since you were 
anxious to have this as soon as possible, I was unable to discuss these 
calculations with John Storey, and therefore cannot guarantee that there are 
no errors in my approach, or that this analysis reflects John's most recent 
ideas on this subject. If possible, I would suggest that you discuss this 
with him upon his return next monday, before publishing your paper. 

aft(,,à 
Bob FitzGerald 
Image Communications 

BFG/cb 
cc: J.R. Storey 
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APPENDIX  

. FURTHER DISCUSSION OF THE DERIVATION OF EQUATION 3  

A concrete example is presented:below, to clarify.the derivation 
and use of Equation 3 (see  page 11 and 12): Consider . a small data base 
containing 18 documents. These documents are-accessed through an index 
tree consisting of 3,1evels, each Index page diaplaying 3 alternatives. 
That is, d = 18, pm = 3, a = 3. This data base is displayed in the  - 
figure below. „ 
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All index or menttpages are represented by squares, the 18 

documents by circles, and the possible paths through the tree by 

solid lines. The triangles represent documents that could be added 

to this data base without adding more alternatives/index page or 

.adding more index pages. Dashed lines are used to connect such 

"potential" documents to the tree. Note that at least one of the 

18 documents (circles) has been connected to each of the index 

pages at level 3 of the tree. Furthermore, index pages 6 through 9 
each access one of the 18 documents (circles) and a - 1 = 2 of the 

imaginary documents (triangles). Since the imaginary documents are 

never accessed they can be dropped from the tree. The tree that remains 

after dropping the triangles is presented below. 



Note.that . index pages 6.through 9 accesb , onlY a single 

document (cirble) each: This means that indeX. pages 6-9 each have 
only a single alternative. Such -index pages are redundant because 

the documents (circles 15-18) can be accessed directly,framlevel 

2 of the tree .as'shown in the'representation of. the tree below: 

226 
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- 1  

Note that 4 documents - 15 through 18 - are accessed directly 
at level 3 of the tree. The average length of path, 2.  , through the 
tree is shortest in this last figure. The shorter paths result in 

shorter search times. This optimum tree can always be found by pairing 

up each set of a - 1 triangles with one circle, deleting the triangles, 
and finally eliminating index pages that retrieve only a single document 
(circle). 

Equation 3 isilused to compute- n , the number of documents 
(circles) that are accessible at level Em  (level 3 in our example) 
of the tree: 

n = aPril  d  
a - 1 

Pm  
The numerator (a - d) of this equation represents the number 

of triangles (i.e. possible documents) while the denominator represents 
the number of triangles that are automatically lost by moving the one 
circle up one level in the tree. n represents the number of sets that 
can be made each containing one circle and a - 1 triangles. In our 
example, 

n= 2-18  
3 - 1 

= 4.5 = 4 

It can be seen that the number of documents as computed by 
Equation 3 corresponds to the number actually found at level 3 of the 
tree in the previous diagram. 
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EVALUATION OF TREE STRUCTURED 

ORGANIZATION OF INFORMATION 

ON TEL IDON 

by Eric Lee and Susane Latremouille 

Department of Communications 
Ottawa, Ontario 

Telidon is a new Communications technology developed 

by a team of scientists at the Department of 

Communications Research Centre in Ottawa. This new 

technology will permit information retrieval from data 

bases (information banks) through the home television 

set in a more flexible and precise way from a 

technological point of view than existing public 

information retrieval systems. The implementation of 

this new system will probably involve extensive 

retrieval of information by the public which means 

that the form of communication between computer and 

user of the system is essential to the success of this 

system. At present, users retrieve information from 

Telidon by making selections from menus which are 

structured in the form of a tree or hierarchy (see 

Figure 1). 
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Figure 1: EXAMPLE 
ILLUSTRATING PART OF THE 

TELIDON TREE 



The purpose of this study is to evaluate an 

experimental organization of information in the form 

of a tree by looking at the performance of users in 

finding information on Telidon. In a "good" tree, 

people should experience little difficulty in finding 

the information they want. In a "poor" tree, people 

will experience considerable difficulty in finding the 

information they want. Information organized in a 

tree usually refers to the organization of index terms 

used to access the documents (see Figure 1). The 

index pages or the menu pages contain lists of terms 

that guide the information seeker to the documents. 

There are many levels of index terms in the 

organization and they become more and more specific 

until they are specific enough to access the document 

in question* The documents are the pages that contain 

the information that a user is seeking. In the tree 

that is studied in this report there are 900 documents 

with 6 or fewer levels of index terms, and at each 

level there are 9 or fewer index terms in a menu* 

The same information can be organized in a tree in 

many different ways. Different index terms or even 

different groupings of the index terms can affect the 

ease with which users can find information in the data 

base, The method described in this study can be used 
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to evaluate any tree or hierarchical orgabization.of 

information. 

MThQQ 

bjects  

Ten participants, 6 from outside the Department of 

Communications and 4 from within the Department, 

participated in the study. None of the participants 

had ever seen or used Telidon before the study. 

LUX. 

At the time of this experiment, the Telidon 

demonstration data base contained 900 different 

"documents". Each document contained one kind of 

information. (For example, a document could dontain a 

list of movies currently playing in Ottawa, or the 

latest football scores, or real estate listings, E . ';c.) 

To obtain a representative sample of the kinds of 

information that could be found on Telidon, 16 

different documents were randomly selected from the 
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900. The information in the document was used to 

phrase each question. For example, the question "Find 

the weather map for your present location" was 

designed so that people would look for the local 

weather report. Participants would have to make 

successive choices on menu pages to find the document 

as illustrated below. The item preceded by an 

asterisk is the item that should be chosen to find the 

document. 
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Example: 

First menu page 1.*General Interest 

2. Business Guide 

3. Canadian Government 

4. Emergency 

5. User's Guide 

6. Telidon Explanation 

7. Telephone Number 

Second menu page 	General Interest Guide 

*1. News, Weather and Sports 



2. Entertainment 

3. Market Place 

4. Employment 

5. Travel 

6. Advice 

-7'. Leisure 

8. Education 

9. Notice Board 
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Third menu page News, Weather and Sports 

1. News 

2.*Weather 

3. Sports 

Fourth Menu page 	Weather 

*1. Local 

2. National 

3. Special reports 

Fifth menu page 	Local 

1. Local 



2. Forecast 

3. Statistics 

4. Temperature 

*5. Map 

Questions were worded very carefully so that 

participants were not given clues where to find the 

information and each request was clear enough that if 

the information was in the data base they would be 

able to find it. 

Procedilre 

Each participant was given 16 search questions in a 

different random order. To find the document in 

question, each participant would choose items from 

successive menus presented on cards. Each time a 

participant made the wrong choice he was asked to make 

another choice until he chose the right item. Thus, 

several mistakes could be made on the same menu page* 

Each time a mistake was made participants were asked 

their reason for their choice, and the experimenter 
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recorded all the errors and reasons for their choices. 

Each participant was shown a total of 79 menu pages; 

an average of about 5 menu pages per problem. At the 

end of the session participants were told the purpose. 

of the study. 

RMULU,  AND  nUCUSSIOâ 

The willingness of people to use Telidon will 

undoubtedly depend on the ease with which they can 

find information in the Telidon data base. To find 

information on Telidon, people will have to make a 

series of choices. Incorrect choices lead the 

information seeker into the wrong part of the 

information bank, thereby increasing search time as 

well as frustration. The more errors one makes,  •the 

more likely it is that one will not use Telidone 

The results of this experiment convey two kinds 

of information: a) information about the user, that 

is, about the kinds of problems that users encounter 

when searching for information in the tree and h) 

information about, the tree, that is, about the places 

in the tree where users experience difficulties in 

choosing the correct alternatives. 
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Overall, each person made mistakes on an average 

of 49.4% (or 7.9 out of 16) of the problems attempted. 

That is, the probability that a Telidon user will make 

at least one mistake on a problem is about one-half. 

Incorrect choices were made by one or more people on 

14 of the 16 problems. The right choice was made 

every time on only 2 of the 16 problems,' 

The present experiment demonstrates people can 

experience considerable difficulty in finding 

information in a tree or hierarchically organized data 

base. 

The 10 users made a total of 167 incorrect 

choices on a total of 790 menu-page presentations. 

Thus, each person made an average of 16.7 mistakes on 

16 problemse On the average people made 

(16.7/16=1.04) 1.04 mistakes every time they looked 

for information in the data base, That is, Telidon 

users are likely to make at least one mistake whenever 

they look for information in the present 5-level 

information bank. 

In this experiment, 80% of all errors were made 

on just 6 of the 79 menu pages and 53% of the errors 

were made on the first two levels of the tree 

organization. Since  53 % of the errors were made on 
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the first 2 levels and it is the pages at the first 

level that are accessed most often, then it would be 

reasonable to say that people, in general, are going 

to have difficulties in finding any information in 

this experimental data base. 

Explanations given by the participants for each 

error committed were valuable in understanding the 

problems encountered in the search of information, 

For example, some comments were that the first page 

had titles that were too general and that the 

information should be redistributed more uniformly, 

At the second level they indicated that there was some 

overlap between some categories and some terms were 

judged ambiguous. 

Several wrong choices were often made on the same 

menu page before the correct one was found. Of the 

790 menu-page presèntations, the correct choice was 

made on 679 of them and one or more wrong choices were 

made on 111 of the presentations. Therefore, the 

probability of making the right choice when a menu 

page is presented is 679/790= 6.86, and the 

corresponding probability that an individual will make 

one or more errors each time a menu page is presented 

is .14. 
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These results have implications for larger tree 

structures. People experienced difficulties on half 

of the problems when an average of only 5 menu pages 

was required. Commercial Telidon data bases are 

expected to have 15 or more levels in the tree (that 

is, 15 or more menu pages must be accessed 

sequentially). For these larger data bases, people 

will probably experience even greater difficulties in 

finding information. In a 15-level data base, for 

example, choices must . be  made on 15 different menu 

pages before correct information can be found: In 

contrast, only 5 correct decisions in a row (i.eo  one 

correct decision per menu page) must be made to find 

the right information in the present Telidon data 

base. The probability of making the correct choice on 

n menu pages in a row equals the probability of making 

the correct choice on one menu page to the power né 

Assuming that the probability with which the correct 

choices are made on each menu page is the same for 

both the 5- and a 15-level data base (iêeb P(correct 

choice on each menu page) = .86 ), then the 

probability that no difficulties will be experienced 

on a given problem 

15 
is only (.86) 	=.10 

Thus, people could experience some difficulties on 

over 90% of the occasions in which they search through 



a tree levels. This is probably a higher error rate 

than most people would tolerate. 

Although these results point out the seriousness 

of the problem of finding information in a Telidon 

data base, they do not,  imply that people Will 

experience serious difficulties finding information on 

all trees (i.e. hierarchical organizations of menu 

pages). In fact, the problems identified in the . 

information bank could be solved by changing just 6 of 

the menu pages (over 80% of all errors occurred on 

just 6 pages) on the first two levels of the tree. 

Incorrect choices are made either because the 

information has been classified under the wrong 

heading (i.e i  index term) in the menu pages, or the 

index term itself is ambiguous. In either case, the 

tree can be modified in a way that eliminates most of 

these incorrect choices. Further research is 

currently being carried out to show how information 

providers can detect problems in the menu pages and 

how to change the menu pages in a way that reduces 

both the number of wrong choices and the time it takes 

people to find information in a Telidon data base. 

Fewer errors and faster search times will undoubtedly 

increase the appeal of Telidon. 
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