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Preface
Telidon, the Vldeotex system develoPed ‘in Canada, ‘is
now being prepared for f1e1d trials in Canadian homes.
Many design declsxons 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’ 1nvolved 1n

the. preparatlon of Telldon trlals.A

The reports presented'here fall into thfee
categories: reviews of the human factors issues

- arising from Telidon technology, studies of visual

display characteristics. that are:optimal for users;
studies of data base characterlstlcs optlmal for
users. , R e N

1. Revzew of Human Factors Issues.'“

"Telidon, the Canadlan deeotex System and 1ts‘
Implications for InformaL1on ‘Seience' presents an -
initial set of questiona regardlng information
creation on Telidon with a review of the. techn1c31
capab111t1es and 11m1ts of Telldon.

AT

Q;Ielldon? tex and User~Related Issues"” '
revzews the’ user: related issues of visual d13p1ay and
the 1nteract10n protocol for 1nformat10n retrleval.;

cons R
x RO

{
\

_“The Implxcatlons of Telldon for Informatlon Sczence"
preéents a general model by which to understand
Telidon research and provides a review and update of

‘problems of data bank plannxng and organzzatzon.
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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 comnsiderations.

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: "Tnhe 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.

iii
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Some of these reports have been published as noted on
the papers. Any comments or questions about this
research program should be addressed to the author:
300 8later St., Ottawa, Ontario, Canada, K1A 0C8.
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CHAPTER 1
REVIEW OF HUMAN FACTORS ISSUES INVOLVED IN TELIDON



TELIDON, THE CANADIAN VIDEOTEX ‘SYSTEM, AND
ITS IMPLICATIONS FOR.INTORMATION SCIENCE

Dorothy A. Phillips’
Behavioural Research Group
Technology and Systems Branch
Department of- Communlcatlons
' Ottawa, Ontario
K1A 0C8
*ABSTRACT
Telidon is.the name of the Canadian Videotex
System, a public-accessed interactive information .
retrieval service now being developed in Ottawa..
Several other Videotex and teletext (broadcast)
developments are taking place internatiomally
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 Telidon. Questlons 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 questlons..

From: Proceedings of the Seventh Annual Canadian .
Conference on Information Science, Canadian
Association for Information Science, Banff, Alberta
May 12-15, 1979




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
informatilon in our soclety. 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. Laters the
same equipment will serve a messaging function. We will be able to
send letters to friends, make theatre or alrline 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 our.lives in the near future, Telidon
is the name given to the Canadian Videotex system and Videotex 1s a term
adopted internationally as a temporary generic term for public-accessed
interactive iInformation 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 Teldidon,

VIDEOTEX AND TELETEXT

Before describing Telidon in detail, it is useful to distinguish
two-way wvideotex 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 oy other transmission line, In contrast, one-way
teletext services are broadcast and the user with a decoder and TV set may
"grab" 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 rapild 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 editorial
or information gathering services as well as broadcast channel, a major
difference from Videotex systems where information and carrier services~j:
are provided by diffexent groups so far, (Pye, 1978) ' B

Videotex Developmenta 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) co
and is currently undergolng a market. trial planned  to a total of - '
1600 users, Public service ig due to start in the spring of 1979, .
They hope to have 250,000 pages of information available by that time =
with dlmost. 200 independent companies providing the. information,

The French Titan system, a telephone videotex service, uses a
display system called Antiope developed in French laboratories, Still .
largely at the 1abora;ory experimental stage, field trials of Titan are -
planned for 1980.- ' :

In REurope, the West German and the Dutch telephone authotrities
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—february, 1979,
Bell Canada, in cooperation with Torstar and Southam Press has 1aunched a
field trial of their videotex system known as 'Vista' which will include -
experiments with Telldon. Other trials are being planned, in cooperation
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 'OF PROVIDING INFORMATION 'ON "TELIDON.

Visual Display Characteristics

The storage and communication of characters and graphics én Telidom,
which is different from the British and French systems, influences the
process of creating and displaying pages of information. The European
gystems, both Britilsh and brench& transmit images in mosdic picture elements,
A visual frame consists of .24 rows of 4} chargeters in . the Britiéh: 625+1ime.
IV format and 25 rows of 40 characters in the French system. 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 Tnstructions ,
(PDI'e) which deseribe the plcture in terms of basic geometric elements: point,
line, circule, rectangle, polygon, are, bit by bit facsimile-like 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 1V 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 sevrvices are expected to be used by many more
people simultaneously than even the most popular present data base, thiasg
economy of computex resources 1s Important to keep response time to a
reasonable level.

The Telidon 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 filé 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 10° pages, we need not feel limited by space. There is
also no reason for only one data base to exist,

Each page in the tvee 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. Ax -alphabetic index on a page of the tree-structure can be used
to give page addresses. It 1s also possible to return to page O 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 providessfacllity for a very large data base but
limits the search procedure, at present, to choice of one out of 9 options
at each level. '

QUESTIONS ABOUT INFORMATION PROVIDING

\

The capabllities 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 completed? Which will be most important for ‘the
user?" : :

The issues for your consideration then are these'u,

1., What information will best be presenLed with Telidon technology?
2. What indexing system or systems should be used. for the umbrella or o
routing pages of the tree~structure and can they be standardizedV“ o
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 OOO pages in the data base..,

In Canada, the carriers of communications will’ not he the government
but it is not yet clear whether telephone or cable companies or both will .
be carriers. Nor 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 er: augment the ‘Newspaper

and other publications? The only empirical information presently available‘
comes from Britian where a magazine called the Prestel User's Guide is now L
being published. F¥ar from replacing publishing, Prestel has stinmulated
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 it becomes -
available, it willhbe perused with a great care, however, the desires of
the Canadian public for information are not necessarily the same as thoge:.
of the British, and the Telidon system with its technical differences may
allow for different information. o . :

I think the information science community, with its experience inf
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, Torstar, La Presse) are actively pursuing an interest in TeIi&on
trials. Education grouns.are becoming interested. There are many more o B

private and publically supported information creators who could contribute
to Telidon content. » :
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Indexing of Information

A second set of questions arises from the tree-structured search
avallable 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 iIndexes that would serve as a
standard? Should there be such standards activity in progress now?

Indexing of information can become especlally 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, 1f the techmnology were to develop so
that we were no longer limited to the tree-structure, what search structures
would best sult 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?

User Payment for Telidon Information

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?

i 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 be
by the page only or by the mlnute or some other. scheme?

A related question has been posed by the Science Council of Canada
(December, 1978) '"Is information a commodity or is information a right?",
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 a right and uphold our value of
free access: to information by all the citizens. However, we may at the same
time undermine a major- sector of our economy, the 1nformation providers,
who market information to 1ndividuals for profit, ”

 None of these questions has ‘been solved Some require technical
development; #ndexing schemes and perhaps natural language query modes
can be developed. Some require reasoned analysis based on our previous ,
experience with other media and market researchi the Kind of 1fformation” that
should be presented on Telidon can be guéssed at and our concepts refined.
with market analysis and trials. Some require: debate as well as reasoned.
analysis of the options; how the user should pay for Telidon information . -
may be answered by debate or it may be left to the market place to decide..
These are issues that will affect the quality of information to which we.
have access through Telidon in the near future.

"REFERENCES

Bown, H., O'Brien, C.D., Sawchuk W. and Storey,. J.R.

A general description of Telidon. - A Canadian proposal for Videotex systems;h

- CRC Technical Note No. 697—E Department of Communications, Ottawa, Ontario
December 1978, : oo , :

Communications and Computer: Information and Canadian Society K
A position papqr' Science Council of Canada. October 1978,

Computer and Communications. Information and Canadian Gociety - A pr0posed
study prOgram. Science Cotuneil of Canada, December 1978 :

'Pye R.: Focus on EurOpe. Information retrieval services
.Telecommunications Policy, March 1978, :




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.




2 ' . BOWN ET-AL.

Abstract

‘ 'Vidébtex'syétéﬁsiaré‘inﬁepactiQe visuai~§dmmﬁnicafioh
Systemsfintendéd intially go permit public acgésé fb '
computer4based“infofmatibn §6dréé§. Pagesibf inforﬁatidn
from a data_base can Be séyécfe& by éommands iésued'by’ﬁhe‘
user via a key pad. The page is theﬁ'digplayed pn'fhe

screen of a domestic television receiver.

This paper/discqsses the problem'of sfstem
flexibility'with respect to.pictpre description, and
describes one sﬁlution which isAphe'bésis of thé Canadiaﬁ
Telidon éystem. Various user-relate& issues concerned wifh#
requireménts for the»diépléy'of'iqformation and:fof'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.
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As technology progresses, tefmiﬁaisrm;y'be‘éblé to
communicaté'éirectly wiﬁhout mediationfby.a hoSt:pémpUtér.'
When the two displays é;ch respond idenﬁically to
inéfructions given af eitﬁér terminai, they may-bejgsgd aér
an'ﬁeleéffonié'blackbéard"'or as a meﬁns.forfblgyiné a game

such as chess at a distance.

The service can improve the conieﬁiencé'énd immediaéy-
of activitigs such as reading néw3paperé, wri£ing_1éttérs,'
advettising,'banking,‘éhd piaying gémes;f PuBIic éccéss'of' 
information willlbe’oﬁé of'fhe first appiicafions‘gf a
Videotex service since ﬁanf'of.durvaétivitiés.are:coﬁcgrned:‘
with finding out about_the'étate'of the ﬁpf1d grouﬁd”ué.
Eurthef,'the reduired te§hno1ogy f&;'ﬁhiﬁnapplidatién_is
well_undefstoo&,-Alsd, beéadse an inf&fmation'retriQVal
service can Sétisfyfmany special re&Qiréﬁénts;uif Hés'the

potential for attracting a sufficiently large market.

The method of chdiée’by Videotex prOpqﬁénts'for

~accessing information is a tree=structured search technique.. -

This approach was initially proposed and ihpigmentéd-by the -
British Post Office (Fedida,'1975)ml 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 at one
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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. Seleétions 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 toffixed:format.

textual messages'and rudimentary granhic images. If theirt':
happroach 1s‘ad0pted extens1ve1y, it w111 be dlfflcult if'bﬁ
not.1mp0331b1e, to change to new communlcatlon methods whlchiJ

would allow the dlsplay_ofzhlgher_quallty images.

‘The adaptablllty of character orlented systems to newf;

requlremeuts 1s maxnly constralned by the: way an 1mage 1s'f-

‘described.. Images are transmltted as’sequentlallpleces.of:s:
vplcture consistlng of 24 rons'of 40 characters:‘;Grsnhic
1mages are 81m11ar1y constructed from Speclally 1dent1f1ed
coded graphlc characters fltted together 1n a mosalc of
plcture components. 'Thls technlque requlres that the storediﬂ
information 1nc1udes 1nformatlon about the dlsplay termlnal

resolutlon, Thus,. 1nformat10n banks would have to store'

multiple versions of an image to transm;tyto termlnaLs_w;thui ’

differing display resolutions.

~A Videotex systemesuitabie'for'todayssbtechnobogs -
should be;designedfso thattfuture modifications can be
easily incorporated., To ensure thisbcompatibility,Aimages*
need to be described in the data base in such a way that
they are completely 1ndependent of the data access
procedure, of thercharacter;stlcs of’thelcommunicatdoh“

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, O0°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 arecs, rectangular
areas, or polygons. A fifth instruction indicates that the
following data is in "bit" form, or photographiec 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 ugsed with simple terminals’which'

respond intelligibly only to alphanumeric information. .

The proposed PDI cddeé cén be;of use onlyvifithe'
réceiving terminal has the'intglligepcé'td_inﬁﬁrpret7thém
and to fill the display memory with fhe appropriate
contents. For this reéson; the termin31 musp contain 5
'michprocessbr‘to perform thé inteiprétation‘énd generateJ
the display memory code. - The diéblay memory”itself.may be
éifher,character:or'bit orienfed.‘.Thé'Euereaﬂ apbgdach was
to design charactér-oriented tetminals. “Thé Canédiaﬂ
Teiidoﬁ terminal; queve;,‘uses‘thé bit—ﬁap displayﬂmemoyy;
This means fhét ever& pixel on the display has a |
correspondingllbcétioh in thé,disp1ay meﬁory. The coibgr

and brightness of a pixel depends.oﬁ the contents of its

corresponding memory location. This approach results in the -

need for considerably more meﬁory thaﬁ'does_tﬂéﬁchﬁraétef
ériented approach, with éﬁ'accompanying<incre§§é,ih‘cost.
However, the increésed costvmuét be weighgd againét the
béhefits of a much hiéher_resoleioh qisplay.‘.Furfhar,.
memory costs éontinue to,décreaée wifh Advaﬁces-inf
ihtegrated circuit techniques. Figuré,i demonqtrgteé the.
quélity of grﬁphics that is.possible‘pn thé TélidopAsystem

using a display resolution of 240 by 320:pixels.
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Insert Figure 1 about here
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The PDI code, whiech 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 Instrucfions "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 secreen and store the picture descriptors
in a déta 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.

Graphic communication between individuals continues

to be a subject for research at the Communications Research
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Centre (Bown, 0°Brien, Warburton, and Thorgeirson, 1975).' Ka¥fﬁ
?erson?to~person image:dommﬁhicatiOn'wduld be useful td-#ﬁf?ﬁ?“'

individuals desiring to discuss the merits of some kind of_,ﬁf"y

spatial organization. An example may be an‘aréhitédt

discussing the plans of'a.building'withAa élieﬁt,‘

Applications may also appéér in the éphére pf'éntertainﬁeﬁft,f

as gémes‘are_adapted or deVéloped'tq take”g&vaﬁt;ge‘bf the.
visual;interaétion.bapabilify; As loﬁg‘qs,thé.piCture:
descriptionAtechnique is indepeﬁdent of the hardware
employéd, futureAfechhological deVelopménfétneed'hot‘

tbreaten,dﬁta base bbsolescénpé.u

Usér-ReIated Issues

Advances in consumer technology inevitably raise

questions of what design is most apprbpfiafe.for_hﬁman ugé3 fA.'

Implementation of Videotex services requires consideration

of issues related to both_displgy'pf‘information and

interaction protocol, as well as'identification ofrthe-mostvl'

appropriate services for the medium.

Information displéy“iséqes'need.ﬁo 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 television
displays. Either ahalogue 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 releyant 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’conditionsc For example; the optlmum character
den81ty may be dlfferent for monochrome and polychrome
telev1s1on dlsplays for RF and RGB 1nput and for
dot—matr1x and in=-line plcture tubes. It may be dlfferent

when proport1ona1 character spac1ng is used than when such[”'f

- spacing is not used. Other environmentalzfactors>such'as[_.fﬂ~

ambient lighting;Aviewihg dietance,-image'ccntrasté(both
lum{nance and coiour cohtrastj andvscreen’slze maylalso}‘
'1nf1uence the optimum character den31ty w1th respect‘to'"
readab111ty of" text Z'There is also ev1dence that the
dependent measure employed can drastlcally rnfluence the

concluSLon of an experlment on dlSplay characterlstlcs.,l’

Specxflcally, speed of readlng has been shown to 1mprove asa"j

character s1ze decreases, while search time for a target'hi"m:
character randomly located in tmo-dlmensaonal space’ has been
shown to decrease as character elze increases (Snyder and:
Maddox, 1978) Thus,~1t may'be that*one characterﬂsize'iei:r
‘most appropr1ate for contlnnous text and another for graphlc

‘,annotatlon._ What appeared at flrst glance to be a slmple

'questlon about the optlmum number of characters per 11ne and

the optlmum number of 11nes on .a page, has become much more_

complex since various other factors must be sxmultaneously

'consxdered
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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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struéturé, qgéryihg language aﬁq ﬁo&e,'input:aéﬁicéé;‘and' 
‘the orgaﬁiéation éfvinformatioﬁ in pédﬁle°s ﬁinds;”‘Data'
stored in a hierérchiqal orAtfeevstfuctﬁ;e is m@re efficign#?i
to retrieve from a technical ﬁoint'of/viev ih that the 1ea§f

" computing resources are céhsﬁﬁed. This iéiéﬁ important -
consideration since foo slow a'fespOnSe'by thg hdst7c6mputgr

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“ibng series of menu pdges‘ﬁay z'

be analagous to conversing with a person who answers quick1ja+

but who has a very 1imited Vocabuléry. Tea51ng out the
desired message then becomes a laborlous task._ The tree

structure is efficient technically; but it may bé Vefy

ineffidient from the point ofzview bf the-nser th‘wisheﬁ to .
retrleve 1nformat10n that has multlple attrlbutes. -Résearth”’

in this area should be done glven elther of two assumptlons.' 

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

technlcally feasible, and (2) more sophlstlcated network

structures are possible.

Under the first assumption, the research should
attempt to identify rules for organizing infbfﬁhfion,'
-hierarchically 50 that.there'is the_least'dmbngity.in

people®s minds regarding the co:rect'pathjto take to'arfive 
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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
logical 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.
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Finally, an issue whi@hvmay ﬁltipatély,determine thg, 'f

viability,of Videotex services in a mgrket'contfolled.

economy, i the way that the medium isrused. . The medium}has:.g"
several charactéristics~that-mékes4itfre1atively»uniﬁue.*nitfﬁﬂ

is interactive, it is network=-based, and it provides easy "

access to cblour.':These'Characteristics need to be
exploitéd so that the medium can be seen as providing
services that are both useful and unique tovpérticular

populations of users..
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It is a p1easure to attend your meet1ng th1s even1ng and to discuss w1th
you some “of the 1mp11cat1ons that Te11don and s1m11ar deve1opments have

for 1nformat1on sc1ence Te11don has brought to the forefront many research,

questions about how e1ectron1c 1nformat1on services should be des1gned to be-_.

most acceptable to users Techno]ogy is deve]op1ng rap1dy and des1gn |
dec1s1ons w111 be made even w1thout adequate research dec1s1ons that w111
affect the user and the economy Many of the quest1ons concern how 1nformat1on
shou]d be des1gned and 1ndexed for easy: access’ by users, top1cs wh1ch are

part of your everyday work.- I hope th1s even1ng to convey to you some of the |
exc1tement we feel in this research and ‘to enlist your he]p 1n find1ng the :f'

- answers to the questions soon enoughvto have some 1nf1uence on_the techn1ca],'

‘developments of the next few years.

Mode]lof Telidon Resedrch Issues .

Before d1scuss1ng ‘the" spec1f1c research quest1ons about des1gn of
1nformat1on banks for Te11don users, 1et me present a genera] ‘model of
Telidon research issues wh1ch”w111 he1p to 1end some perspectlve to the
comp]exity'ot the questions '(Figure T) The mode] shows how the various!ey
players in the deve1opment of Te11don 1nteract and how each must cons1derty
the point of view of the others in mak1ng dec1s1ons 'It may a]so he]p N
to remind us that there- are too many quest1ons to answer and that choos1ng
the r1ght quest1ons for research w111 be Just as 1mportant as us1ng the fﬁ’:

r1ght methods
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Te11don 1nvo1ves human, econom1c and techn1ca] issues. No decision

;can -be made on: any of these 1ssues w1thout cons1der1ng its 1mpact on the ﬂff7

~.fothers Each of ‘the 1ssues prov1des 1ts own’ poss1b111t1es and constra1nts
'Techn1ca1 deve]opments have been 1ead1ng the way by mak1ng more th1ngs ;
';poss1b1e each year But techn1ca1 deve1opments depend on the economy and

on the ab111t1es and 1lm1tat1ons of humans

' Videotex technica1’deVe10pment mustuappeal tofusers,inforder:to‘makef”
it economically viable so that déVe]obmentiCostsdcan be recovered and ‘d
| further technical development can’ take place. Which technical deve]opments
should come next will depend on user preferences and on how much can be

done-in the economic circumstances in which we f1nd_ourse1ves.

" The diagram depicts the interaction. of these'three asnects of Téiiddh’
deVe1opment and a]so the fact that changes are tak1ng p]ace rap1d1y in the
technical and economic aspects. In many respects, humans do not change }
'apprec1ab1y over short per1ods of t1me Human percept1on and cogn1t1ve
process1ng is re]at1ve1y stable. Human's’ des1res for certa1n aspects of
culture will change as learning proceeds S0 there is some account taken f

of human changes 1n the mode1

When we are considertng which questions to studytin_detai] it is o
important to vemember this aspect of change in the other related areas.’
Itrmayvbe 1nterestingdand jmportant to know’how humans'react to a certain[.
piece of technoTogy, but if that techno1o§y is replaced next year by sdme g

other, the research may be obsolete very. qu1ck1y and we i1l have wasted our

time. We try to make research genera11zab1e beyond any one part1cu1ar plece 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 quest1ons on the Human Techn1ca1 Interface

The 1nterface ‘between humans ‘and commun1cat1ons techno]ogy can :. |
be stud1ed at a number of 1eve1s. At one 1eve1, man's ab111ty to see, and
hear imposes rather str1ct contstra1nts on techn1ca1 des1gn. S1nce.these
Timits are well- known, few quest1ons remain at this Tevel. At ahothér51EVe1;
human ab111ty to receive and process 1nformet1on.and to_respohd'manua11&7f'
or voca]}ycalsc imposes ]Tmitsfend“tt’is et this 1eVe1 that hény Offthéift,.
questionstare now arisihg.:lhAtAStiT]‘another"jevel, humanesocia1.and ~
cultural needs.and desires suggest directions'tqr the development ofi
technical communications. To é.]arge'exteht the‘dheStions at this TeVeTtei g
of Te]idon'deVe1cpment‘arersti11 sbmewhat‘vagqe,-and heed‘furthervdEfihftioh

- before empirical research can proceed.

Our. thinking so far haS'cohcernedFtheehumah 1nf0rmatibn processihgr'-
level and to some extent the socialrandICU1tura1'desires of humans. ‘Theréf
are three basic QUest1ons about Te11don deve1opment that T will try to

-describe and tell you where our th1nk1ng is-at present

1. What informaticn should be presented bh'TeTidon for home users?lcf
2. How shou]d a page of Telidon 1nformat1on be des1gned? :

3. How shou]d a tree- structure or h1erarch1ca1 1ndex be des1gned? S

You can probably see a1ready that these_are not5independent issues, -
the design of a hierarchical index depends on what informatfbh'is ih*the35
data bank and the design of a.page depends where it is to'be p]aced”ih;thé}f

hierarchy.
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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 categorieé: 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.

A1l of these services are information fetrieva] tasks. You are
familiar with other electronic informatijon 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



interface be deveToped at a'reasonaBTe'cOSt‘ There 1s:much"re5earch:tofﬁii
be done before we will know whether providing b1b11ograph1c ‘!nformationij_"."»i

retr1eva1 serV1ces to homes on Te11don is a v1ab1e serv1ce

4 Te11don is constra1ned at present to a tree structured data base

by techn1ca1-econom1c considerations. Th1s T1m1tg us to work1ng w1th :ff“'

treefstructured‘1nformation retrieval serv1ces Just now.‘ But aga1n

referring to the modeT,ﬂtt isfimportant to remember that changes on the =

g technical- econom1c front will make ava11ab1e more soph1st1cated serv1cezrll
offerings. ‘When other structures become feas1b]e for 1nformat1on retr1eva1
keyword searches or natura1 Tanguage quer1es we w111 aga1n face the ‘
qucst1ons now posed by the tree structure and the add1t1ona1 quest1on of

.:whether these other techn1ques represent an 1mprovement over the

tree structure The answer to the 1atter quest1on 1s 11ke1y to be complex, -

:sw1th other search techn1ques prov1d1ng better serv1ce for users for some

types of 1nformat1on

There are a1so serv1ces that cannot be cTassed as. 1nformat1on retr1eva1

| that may be 1mportant appT1cat1ons of TeT1don Computer a1ded instruct1on ; e

has been deveTop1ng for severaT years and a good deaT of courseware now

q‘ex1sts These requ1re a fuT] keyboardand a computer that w111 anaTyze the.
‘user's response and repTy ina way that w111 1ncrease 1earn1ng Most CAI
programs have not used graph1cs and none have yet been wr1tten for. Te11don

~ The quest1ons we - w111 soon face are To what extent w111 peopTe pay for

CAT programs7 How can we evaTuate whether programs des1gned on Te11don w111 .

'f appeal to USers7 Can the techn1ca1 deveTopment bring CAI to homes on ;*

"j Telidon be done w1th1n the constra1nts of econom1cs7'
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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, while.
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 1imits and capabilities of
the Telidon system. At present a screen contains a maximum of 40 characters
by 20 Tines 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 pleasing 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 threé colours, Tooks
somewhat confused. The designer must decide on the colour of background
and text or graphics as well. The colours have different levels of brighthess
and it appears that the most successful combinations of background and

text are those that provide the greatest contrast.
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Much of what typographérs and'graphicé'deéigners know aBout’
formatting of text and graphics has been develgped for printed material
and is not directly applicable to electronic publTishing. Telidon requireé
a set of guidelines for use of space and use of co]bur énd éharacter
fonts. We are at work now on an initial set of guidelines but it will

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

We have concentrated our research S0 fér on problems éuch as how large
characters should be and how they should be spaced to be most 1égfb1e.A
We have data to show the ideal spacing‘of two sizes oftéharaétér sets so
far. Spacing parameters will be made a static part of the.syéteh so that

page designers will not have to think about this problem.

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

The 1nformation‘proVider must also be aware of the 1imits and
possibi]ites of the Telidon tree—strucfure;,'The present structure allows
for 9 choices on a page and is 9 1eVels’deep. There fsféiso érossareferéncing
capabilityand each page can also be addressed directly as welf as through
the tree. This basic structufe 1eaves.the information designer with several
decisions to make. He must decide how many choices td put on each page of
his index and how many levels deep to make the information. He may also -
put in documents of upvto 1000. pages of sequential information. * An analysis
was undertaken at the Department of Communiéations 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 réduce 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 lTooked 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
inforfiation 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 hewspaper.

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
i1l out the obvious related categories. It is like building a tree from
the middle by going in both directions at dnce. This does not necessarily
produce an ordér]y.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 quickly, we hope to see how the tree-structure works and toxleaéh 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 fhe measures
of iinformation retrieval systems found in the information science Titerature.
Measures of reca11], precisionz, and the‘novelty ratio3 héve not beenvusefu1
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 attifudes of users. If our data bank were larger, it might be |
reasonable to assume thé user would Took for a set of documents rather than
Jjust 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 pbssible‘to'haVersqmé stahdérd
form of such data banks. A standard data bank structure aqross'the country
would allow people to know where to look for information if they moved
from one part of the cbuntry to another. While this seems on the surface
Tike a good idea, a real understanding of how to proceed to set such a
standard,or what a standard would consist ofshas eluded us so far. Perhaps

a standard would consist of a thesaurus or of severa1/thesauri,or perhaps

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

1 recall proport1on 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 Tife. 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 deve1obed 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 Telidon.

A1l 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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CHAPTER II
HUMAN FACTORS RELATED TO VISUAL DISPLAYS
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The plénheﬁ'iﬁtfddﬁction'ofTQideOtek"sefvicesffin?“eﬁﬁiw”
" number - of countrles requ1res that an 1nternatlonal.standare eVT
lbe negotlated eoncernlng the spaclng of characters and linee'fl_f
Aon a television dlsplay;_ This paper suggests approprlateii,e
values for the space . between 5 X7 char‘acters both homzonta]‘ly"f"

~ and vertically, as well ‘as- the distance by which a descender}if
character protrudes below  theE‘l1ne.f‘ Recommendations 'afé.u
based‘ on human performance ﬁeaeures obtalned from a.letten
search task. When the envxronmental condltlons present 

during ﬁhe;éxperiment'are'approximated,:the‘recommendatidﬁs o

are as follows:

(a) Vertica1:Spécing

The recbmmendedmspaoe'between lines is__thfeée_pixelsue
(picture elements) if reeding[.speed is importanté,

Reading accuracy is not affectedtbylthe,space'between_,

lines.’

(b)'Hbrizontal_Spacing

‘The recommended space'betﬁeen aﬁjeéent characters is

two pixels.
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(c) Descender Length

The minimum distance that a descender should protrude
below the 1line 1is one pixel. Descender characters
that do not descend below the 1line were Jjudged

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 fopr pixels, the result is a
Tx11 matrix. | This size permits display of 45
characters/line . and 21 1lines/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 1is probably about 10% of the picture height and
width. Consequently, the useful picture dimensions are
reduced to about 216 pixels by 288 pixels. The Tx11 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 1lines of uo‘characters/line in -the visible

display area.



A vertical spacing of one pikxel reduces: the.:matrix

size to seven pixels by nine pixels. 'This.dimeQSioﬂviSf
required to display 24 lines of ﬁext'perfpagé;"ﬁowever; the

results show that speed of reading is:significantij‘.reducedl

when only one pixel separates successive lines of

characters. The reduced speed 1is evidence that .gréatér

effort was required. 'Thus, more reading fatigue is eXpécted

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

In conclusion, the experimental results indicate that -

40 characters should be'diSplayed bn a line of text, and 20

lines should be displayed on a page. ,Furthér, 'the three
pixels between successive lines can be“used'toAcreate accent

marks for a ‘language such as French. = o
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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 pietorial, but much of it will likely be
in the form of text to be read. Because coﬁmunication 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 peoﬁle 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



charaeteristies' as - type fontg“ pége-"colour an d ambienﬂ_ﬁ
-ligﬁting. '~ The Tinker Speed of Reading Test (1955) demanded;-
little in terms of comprehensxon. - Consequently,' ib;;ﬁdskx
thoﬁght, to Dbe sensitive to changes:iﬁfpercebfuaivinﬁﬁfzf”
More recently,-Snyder'ahd-Maddox"(1978) dsédf; mddifiéd'fofm 2

of the same test to demonstrate the effect on ‘reading

performance of wvariations in the'appearance of dotimatrix

characters drawn on a CRT display. Spécifically, a‘ iargEr

matrix element sigze lncreased reading- tlme, 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'labbratOPY‘have fouhd-thé

. SOR test to be insensitive to the effect of presentlng “text
in upper or 'lower case elther on paper or on a televxsxon_
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
dlstanees (e.g. Brelandv and Brélana,f 1944 ; Paterson and

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

thus questions the reliability Qf the SOR test. At least

some of the early work, as well as the Shyder-aﬁd Maddox 

(1978) study employed between~subject deéigns whereas our

~work used completely within-subject designs.  Thus, puﬁ

results may have been influenced by carryover eff@cts,;‘ Ir
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the test 1is reliable only when used in a between-subject
design, it is not an efficient tool with respect to the
number of subjects required, and élternate 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 tb 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 theirs
when one is interested in generalizing to reading

performance.

‘Although the search measure reflects the legibility

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. = Vardous . other
features at the word, 'syntactic and semantic levels are

gvailabie to experienced -readérs7 and‘-may facilifate 'the-

extraction of meaning from print. This is Suggésted by the

effect of destroying word shape by alternating the case of
component letters, or déStroying interword boundaries by

filling or removing spaces between wobds., These .

manipulations detrimentally affect both reading.aﬁd search

rate when the search target 1is a. particular word '(e.g.

Fisher, 1975; Spragins,vheftoh.and Fishér; 1976; Fisher_ahd

Lefton, 1976). Further, Malt and Seaman (1978):demonstrated
that improvements in reading berformance.wheh' a particular

filler was used to eliminate word boundaries was spééific

for that filler. That is, wheniit_was beplaced by a‘»fillerj

with a different shape, performance fell_drasticélly to its
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initial level. This indicates thatv a letter by letter
strategy is used when reading text without word boundaries.
However, the result does not prove that a letter by 1letter
strategy is used when reading normal text. In fact, Wheeler
(1970) suggests that higher level feat?res 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 recognition".
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 1letter 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’ fedundancy' ‘Was -affected. :by /
controiling the probability of occufrance'of a'symbol at a

particular location in a 8ix symboi string;' Hefe_.aiéo,i

spatial redundancy was of more bgnefitvto_gbgd:readersfthah5

"to poor readers although both groups were eqUiVale@t‘ih the

no~redundancy condition. Thus; pogitioﬁal'expectancy_sgems:

to be used by good readeﬁs‘ovér and abdve:diécfihihétioﬁ?'ofi'5
visual  features. - It  appears thét! léingle?:ﬁiéttér;f'
identification is a cohponenthékill OfA”reéding_ ihf,thaiiiéia“

letter must be identified before its iééatibn:cah:bé of some

use.

The preceding discussion is not ali inc;uéive.gf the .
literature that ma& be relevant. Howevef;/it is sﬁffigiéﬁtf
to show that reading skill includes the ébiliiy to'éxtﬁacﬁ f 
information from individual letters as well as éomﬁiﬁéiioﬂsxﬂ
of letters in a familiar context. “Thus, anvevaiuéiidnyqf:"
character and _liné spaéing’ may ,bé~‘perf0rmed ‘usipg7jthe
individual 1letter as the unit of[énalyéis;,'Selectioh o}.aﬁf} 
appropriate task is facilitated by_'considering (a).“why"

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

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 os8cillating 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 fovea 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 wuseful field contracts to
prevent over-loading of the visual system. Therefore, when
spacing between characters and lines is reduced, the size of
the wuseful 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 ‘linea of  characters are. preseﬁﬁ. ‘ Thel:ﬁormal‘-
mechanics of reading English text suggest ihat:-the 'task.
should involve left to’right-moveméntsvdf'tHé fikatiéﬁ point

along the line of characters. If a séafchF:£éék;were_
employed with such a display, it would be po$sible'~to 'shdw“_

variations in  scanning rate along a single line both in

terms of distance traversed and characters read. Chéracters
may be processed more slowly when they are farﬁhen 'apant

because a greater distance must ‘bé scanned. However,

scanning rate in terms of .distance “per unit - time _sh0u1d<,

increase as character spacing increases in order to ﬁaintain,,

the rate of character processing. The distahce‘sqahned per

unit time should inerease until the' trade-off- bétwéen 

horizontal character spacing and gpeed " of eye*mOVémehtv

results in input of the 'maximum.‘amount'f of accurate

information with the least amount of effobt. VThis'pointj

should, by definition,,bé correlated with the lowest ‘errpr_

3core. -

The Experiment

The displays presented to.éach_éf'the ten Subjects
who participated in the experiment were 'Similaf to vthaﬁ

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 1in the left margin by a "plus".symbol. Because
the length of the descender on the letters "gW, nyn, Wpn,
"q" and "y" was a variable of interest, these five letters
were selected as the search targets. The first letter in
the eritical 1line was always one of these five letters and
indicated to the subjecet at the beginning of each trial
which letter was the target. The subject's task was to
immediately scan the ceritical line for the next occurrance
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 1is the letter "q", the
response would be the letter "v". The subject was further
requested to scan the 1line only once. If the end of the
line was reached without identifying the target letter, the
subjJect was requested to give the end 1letter as his
response. The target letter occurred only once on the
eritical 1line following the initial cue, and the two
indicated response letters were also unique in that 1line.
The subject was further instructed to attempt to regulate

his scanning rate so that targets were missed on no more
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than 10 percent of the trials. Display onset waa'réiéﬁivelf
inetantaneous and activation »of a voice gwitch' by:the:
response resulted in eresure of the displayi ReepOnsev:timef
was measured-to the nearest msec and’thewaétual'réeecﬁeeiraéz

entered at the computer console by'thevekperimenterfduring'f

the three second inter-trial interval.

The 5x7 character matrix spanhed 10 pioture"elehents

(pixels) hdrizontally and was displayed on 13 televisibn'-

scan lines vertically to minimize the flicker that wéul&

result from displaying each dot of the matrix on only one._
field of the televisiqn frame. Durlng the experlment, a
Conrac Model RHN 19/C 19 inch colour television 'moni}"c;ér;&fas' '
employed. This monitor has circular phosphor ‘eleﬁenis,
arranged .in the usual trianguiar pattern. 'TheAléﬁtersiﬁerei
always displayed in whlte on a colourless background. A:The'
white colour was calibrated at a colour temperature of 6500A
degrees and_tbe display inten31ty when-fully illumlnated wasr

adjusted to be 14 foot lamberts. Ambient room'lighting yag;

approximately 34 foot candles.

The subject was seated approximately four feet frome

the display without a head restrainer. A page was dlsplayed

to facilltate explanatlon of the- task by the experlmenter,




55
11

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 chagacters and was O,
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 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(2,18)=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),f};N05'
‘interactions were significant. Analysis 0f séénnihg.rate iﬁ
pixels/sec showed a significant effect due to vertical -

spacing (F(2,18)=5.60, p<.05)," horizontal ~ ébé¢ing

(F(2,18)=205.325, p<.01), and length ~of  descender

(F(2,18)=18.321, p<.01).  Figures 2, 3, and 4,sh0w}théfmeén5 ff
corresponding to the above effects. Table 1 shows the

proportion of the total variance explained by each'Of"thé I

significant effects.

"Table 1

Percentage of Total Variance Explained

‘Variable
' Miss _’ Character =~ Pixels

Frequency per sec per sec’
Vertical : ) ' o - -
Spacing - - 1.3 .. _’1.1'
Horizontal ‘ L :
Spacing 4.3 6.6 . 16.6
Descender S S
Length 7.2 3.2 . 3.2

' The statistical signifiqanceVGf-differépées ;ﬁoﬁg.tﬁéi
means was tested using the ‘Newman%Kéuié :prbgéGUre!“€Wiﬁép;lxﬁ
1962). A "non-descendihs" descendef chafaeten féSulﬁediiﬁfﬁ
significantly more misses than didvdeSthdér iengthstof: §ne_f~

or two pixels. = There .was, however; no sighificant7'
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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
gignificant difference between the latger 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 descender 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 aécuracy 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 1lines 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. Howevér,fif the faster 'scanning is a-

eriterion, a spacing of at least thrge'pixels.should be
maintained betweenllines. If the fésterAi;canning OCcﬁrred
because = less effort was necessary to identify letter
. features, it may be that lines of texﬁ séparated.by at least
three piiels are less fatiguing to read than linés'éeparated

by one or two pixels.

It is not immediately obvious why the spacing between -

lines should affect the rate of scanniné 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, enlargéé‘ 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 characteps on a line
(horizontal spacing) resulted in significantly more misses

than did spaces_bf two or three pixels. There was no

significant difference between Vthe~latter two spécings in




>9
15

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 pixéls scanned per
second increased with increasing spacing. Obviously, the
highest character rate occurred at the smallest spacing
because the most characﬁers 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 1lines 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 ﬁorizontal 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 wmiss 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
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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‘yieids

information during reading.

The effebt of horizdntal spacing on rate'of< écanning

characters can be attributed 'to the change in denéity of

characters within the fixation area as horizontal ‘spacing is

varied. The high'density with the shortest sSpacing: appears

to demand an undesirably high proceésing’ﬁéte as indicated
by the accompanying higher miss ffequency. The ‘denSity at’
the intermediate spacing does not appéar to be'excessively:

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

of eye movement should not have occurred. Further, the/hiss

frequency begins to asymptote around the intermediate
horizontal spacing employed.  Therefore, the . recommended

minimum horizontal spacing of two pixels probably arises

from a 1limitation on the rate of human informatioﬂ
- transmission. This conclusion suggests the need for caution
in applying the recommendation for horizdntal spading;ffom
this experiment to a page of text'with all its Afédundancies

and higher order features. When ﬁhe un;t of analysis during

reading can vary ‘from the single 1letter 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 1lines, and the
minimum required distance that a descender character should
protrude below the line, can be made from the speed and
aceuracy 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 1lines, 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

recommendat ions are as follows:

(a) Vertical Spacing

The results indicate that accuracy is not influenced
by the space between lines even when it is as 1little
as one pixel. However, letter reading speed, and
pessibly ease of reading, can be improved

significantly by increasing the space to three
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pixels.'vTherefore; the recomménded' épaéé vﬁébhéen'
lineé is either one or three pixels depgh@ing“oﬁ”'
ﬁhether or not"réading» speed is_'fan ”'iﬁp6rfant 
ecriterion. .This’réobmmehdétion'is”indepén&ént:of‘éhéﬁ 
chosen length of desoender;.'An’additioné; advéﬁtggéjl,
to using a sSeparation of three:piiels ig thét 4space“
is provided for aooedt.mafks'fqrga ianguagé sﬁ@h‘agi,”

French.
(b) Horizontal Spacing

A space of two pixéls between successive 'characterg
on-'a 1line 'is recommended. _ Less 'ﬁhan,twoﬁpixeis
results in signifiéaﬁtly more err&fs in Letiér;'
identifioatidﬁ, /while.mbréfthan two pixels causes'aﬁ
unneoessary reduction ;iq the 'rate ofA_inforﬁatidn

input.
(c) Descender Length

It is recommended that the descender component of a .
descender character should protrude below the linefby.
at least one pixel length. Descender charééters that-

do not .- descend below the line are  missed
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gignificantly 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. Treur.n_j‘e;: & €.0. 0' Birven
~ Communications Reseérgh,CeﬁtreA:f  :f;f“* B
Ottéw‘a_; Ontaf'ip

~ November 1979

Summary

The Behav1oura1 ‘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 spec1f1ed when word or1ented
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 1limitations 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 is
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 1is 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 1lines 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 1t 1is strongly recommended for use with all character
sets in word oriented free format text mode.
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There may. be technical and economic tradeoffs between

the manner in which a terminal is constructed and the best
character set specifications. The  following descriptionS’:
present - the most desirable opec1flcat10ns from the point of -

view  of ledibility. = A 'subsequent section takes these
tradeoffs into account and recommends’ practlcally reallzable
spec1flcatlons for fleld trial termlnals.v : :

RGB VIDEO

CHSET 1: This CSA-1 character set uses a 5x8
character matrix. It enables display. of
49 characters/lirne and 28 lines/page.
The botton row of pixels in the matrix
is used only by descender characters.
It is recommended that text be displayed
with two pixels separating character'
matrices horizontally and three pixels
separating matrices vertically.

CHSET 2: This CSA-2 character set uses a 5xl1
character matrix that enables dluplay
of 43 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 separate 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 19 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 matrices vertically.

CHSET 3: This CSA-1l character set uses a 7xll .
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 separat]ng matrices vertically.

CHSET 4: This CsSa-2 character set is the same as CHSET 3
except that 1% non- alphabetic characters ,
are replaced by accented lower case characters.
Accents are placed on the two top rows of the




COMPOSITE

CHSET 5:

CHSET 6:

CHSET 7:

CHSET 8:

75
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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.

VIDEO

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
vertically.

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.

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.

This CSA-2 character set uses a 5x9
character matrix that enables display of
49 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 separatlng
matrlces 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. At 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 tekt mode. : : co : ,

Colours hav1ng 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 Cédsidering‘Technical_and Econodic Factors

There is generél'international,agreementfthét_a'Vline

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 1lines 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 horlzontally,

that the matrix height be . extended to eight pixels to

accommodate descenders, and that three additional pizxels
separate adjacent rows. of characters. These dimensions
would permit 28 lines of 40 characters/line to be displayed

if there were 220 by 289 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 1lines 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 1limitation 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 1 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 1in 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 horigzontal and vertical spacing will be one
pixel.

The requirement for 49 characters per 1line 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. 1In 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 fiqures 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".




8123 All natural cheese should be
kept refrigerated. Soft unripened
cheeses, such as cottage, cream or
Heufchatel, are perishable and
should be used within &8 few dauys
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 surfasce of cheese
should be covered with wax paper,
foil, or plastic wrapping material
to protect the surface from drying.
1€ large pleces are to be stored for
any extended length of time, the cut
sur-face wmay be dipped in hot

CHSET /L (23) = RGB,




8220 Les demandes relatives asux
renseiagnements 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 l& croissance
démoaraphique, de |’emplol, des
dépenses des consomnmateurs, pour
n‘en nommer que quelques—-uns,
doivent &tre continuellement mise &
jour. Les adwinistrations fédérale
et provincieles, les municipal ités
et méme les autorités locales
g@c%wrahwnt | “approbation des
electeurs relativenent aux

CHSET 2 (20) - RGB



U321 All natural cheese
should be kept refrigerated.
Soft unripened cheeses, such
as cottage, cream or
Meufchatel, are perishable
and should be used within a
few days after purchase.
Ripened or cured cheeses
keep well in the
refrigerator for several
weeks it 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

Giser's (31) SRas




U421 Les demandes relatives
aux renseighements gociaux
avugmentent rapidement. Par
conséoguent, nous sommes
obligés de compter de plus
en plus sur la bonne uqlonté
des personnes interrogées
pour nous fournir ces
renseignements. Les
statistiques nationales dans
les domaines de |a
croissance démographique, de
"emploi, des dépenses des
consommateurs, pour n’en
nommer oue quelques—uns,
cdoivent étre continuellement

CHSEE ' (21) 2 wes




8521 All natural cheese should be
kept refrigerated. Soft
unripened cheeses, such as
cottage, cream or Heufchatel,
are perishable and should be
used within a fen days after
purchase. Ripened or cured
cheeses keep well in the
refrigerator for several weeks
it protected from mold
contamination and drying out.
The eoriginal wrapper or cowvering
should be left on the cheese.
The cut surface of cheese
should be covered with wax
paper, foil, or plastic wrapping

casET 5 (21) - ReB



8521 RlIl natural cheese
should be kept refrigerated.
Soft unripened cheeses, such
as cottage, cream or
HNeufchatel, are perishable
and should be used nwithin a
fenw days after purchase.

Ripened or cured cheeses
keep well in the
refrigecator for several
uweeks 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 5 (21) - CV



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
démographique, de |"emploi, des
depenses des consommateurs,
pour n‘en noMmer que
quelgques-uns, doivent 8tre
continuellement mMmise 8 jJour. Les
administrations fédérale et

CHSET6 (21)- " RGB




8621 Les demandes relatives aux
renseignenents sociaux
augmnentent rapidenent. Par
conséquent, nous sommes obligés
de compter de glus en plus sur
la bonne volonté des personnes

interrogées pour nous fournir
ces renseignemnents. Les

statistiques nationales dans les
donaines de la croissance
démographique, de |‘enploi, des
dépenses des consommateurs,
pPour n'en nommMer que
quelques-uns, doivent @tre
continuellenent nise 3 jour. Les
adninistrations fédérale et

CHSET 6 (21) = CV




8721 ARll natural cheese should
be kept refrigerated. Soft
vnripened cheeses, such as
cottage, cream or Heufchatel,
are pecrishable 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

- 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



B822 Les demandes relatives aux
renseignements sociaux asugmentent
rapidement. Par conséquent, nous
sommes obligés de compter de plus en
plus sur la bonne volonté des
personnes i1nterrogées pour nous
fournir ces renseignements. Les
statistiques nationales dans les
domaines de |a croissance
dénogaraphique, de (‘emploi, des
dépenses des consommateurs, pour
n“en nommer que quelques—uns,
doivent &tre continuellement mise &
Jour. Les administrations fédérale
et provinciales, les municipal ités
et méme les autorités locales
recherchent |/approbation des
électeurs relativement sux

CHSET. 8 (22) — RGB
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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 »
Tines with 32 characters per line. Legends are as described in Appendix A.
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@iiz Al netuwral cheese should be kept
refrigerated. Soft unripened cheeses, such as
cottage, cream or Neufchatel, are perishable
and should be used within 8 few days after
purchase. Ripened or cured cheeses keep well
in the refrigerator for several weeks if
protected from wold contamination and druding
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 naterial to protect the
sur-face from dryging. If large pieces are to
be stored for any extended length of time,
the cut surface may be dipped in hot
paraffin. Small pleces may be completely
rewrapped. Mold which may develop on natursl
cheeses is not harefu, and it is easiy
scraped or cut from the surface of the
cheese. The particular wold in the interior of
such cheeses as Blue, Gorgonzola, Roquefort

CHSET 1 (12) - RGB




@gll Les demandes r-@la%-wes SUx
renseighements sociaux augmentent rapidement.
Par conséquent, nous sommes obligés de
compter de plus en plus sur la bonne volonté
des persohnes interrogbes pour nous fournir
ces renseignements. Les statistiques

wationales dans les domsines de la croissance
demagr*aphlque, de IYemplol, des dépenses des
consommateurs, pour h‘en nhommer que
quelques—uns, doivent étre continuellement mise
& jour. Les administrations fédérale et
provinciales, les municipalités et méme les
autorités locales recherchent I”approbation
des électeurs relativement aux politiques
an‘%.mwms et des lignes directrices pour les
po!at.&quw futures. Les enterprises de
commercialisation, les sociétés de recherche et
les mwéc:mhmtea des mndages éé@»cmraux ont.
besoin de s’adresser, 3 maintes occasions, &
des échantillons des quelques 23 millions de

CHSET 8 (11) - RGB



86511 All natural cheese should
be kept refrigerated. Soft
unripened cheeses, such as
cottage, cream or Heufchatel,
are perishable and should be
used mithin a few days aftter
purchase. Ripened or cured
cheeses keep mell in the
refrigerator for several ueeks
it 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 5 (11) - RGB



8511 All natural cheese should
be kept refrigerated. Soft
unripened cheeses, such as
cottage, cream or Neufchatel,
are perishable and shoulid be
used within a fex days after
purchase. Ripened or cured
cheeses keep well in the
refrigerator for several neeks
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
max paper, foil, or plastic




8611 Les demandes relatives aux
renseignenents sociaux
augnentent rapidement. Par
conséquent, nous sommes obligés
de compter de plus en plus sur
la bonne volonté des personnes
interrogées pour nous fournir
ces renseignenents. Les
statistiques nationales dans
les domaines de la croissance
démographique, de I“enploi, des
dépenses des consommateurs,
Pour n“en nommer que

que lques-uns, doivent @tre
continuel lement mise & jour.
Les adninistrations fédérale et




8611 Les demandes relatives aux
renseignemMents sociaux
augmentent rapidement. Par
conséquent, nous somMMes ob!nges
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
démographique, de |“emploi, des
dapanse des consommateurs,
pour n’en nomMMer que
quelques-uns, doivent &tre
can%enua%laman{ Mmise & jour.
Les administrations fédérale et

CHSET 6 (11) - RGB
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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.



8112 All natural cheese should be kept
refrigerated. Soft unripened cheeses, such
as cottage, cream o Heufchatel, are
perishable and should be used within a few
daus 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
sur-face from dryging. I large pieces are
to be stored for arg extended length of
time, the cut surface may be dipped in hot
paraffin. Snall 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




agize All natural cheese should be kept
refrigerated. Soft unripened cheeses,
such as cottage, cream or Heufchatel,
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 contemination 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 mnaterial to protect the
surface from drying. If large pieces
are to be stored for sny extended
length of time, the cut surface may be
dipped in hot paraffin. Small pleces may
be completely rewrapped. Mold which mau
develop on natural cheeses is not
harnful, and it is easily scraped or
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62811 Les demandes mlatwes U

renge 1gnements sociaux augmentent
rapidement.. Par conséquent, nous sommes
obligés de compter de plus en plus su la
bonne volonté des personnes interrogées
pour nous fournir ces renseignements. Les
statmtaques nationales dens les domaines
de |a croissance démographique, de

1“empl m , des dépenses des consommateurs,
pour h’en_hommer que quel ques—uns, doivent
etre conti hue | lement n ise & mw- Les
adninistrations fédérale et provinci ales,
les municipal ités et méme les autorités
locales recherchent |7approbati jon des
elmtmm mlmwe-ma-nt. aux pol mmmm
m‘wmwww et des |ignes dmmbmmﬁ PO
les pol m:WW futures, Les enterprises de
commercial isation, les sociétés de
recherche et les spécialistes des sondages
électoraux ont besoin de s’adresser, 3

CHSET 8 (11) - RGB:



6821 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
démographique, de “emploi, des
dépenses des consommateurs, pour n’en
nommer que quelques-uns, doivent étre
continuellement mise & jour. Les
administrations fédérale et
provinciales, les municipalités et méme
les autorités locales recherchent
I“approbation des électeurs
relativement aux politiques antérieures
et des lignes directrices pour les
Politiques futures. Les enterprises de
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8511 ANl natural cheese should be
kept refrigerated. Soft unripened
cheeses, such as cottage, cream or
Heufchatel, 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 wmold
contamination and drying out. The
original wrapper or covering should be
left on the cheese. The cut surface
of cheese should be covered with wmax
paper, foil, or plastic wrapping
material to protect the surface from

drying. I¥ large pieces are to be
stored for any extended length of

(CHSET 5 (11) - RGB
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8521 All natural cheese
should be kept refrigerated.
Soft unripened cheeses, such
as cottage, cream or
Neufchatel, are perishable
and should be used within a
fenw days after purchase.

Rip ened or cured cheeses
keep well in the
refrigerator for several
weeks it protected from mold
contamination and drying
cut. The original wrapper or
covering shauld be left on
the cheese. The cut surface
of cheese should be covered

CHSET 5.(21), - RGB




8611 Les demandes relatives aux
renseignements sociaux augmentent
rapidemsent. 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
démographique, de |“emploi, des
dépenses des consommateurs, pour
n‘en nomMmer que quelques-uns, doivent
étre continuellement mise & jour. Les
administrations fédérale et
provinciales, les municipalités et wm@me
les autorités locales recherchent

CHSET 6 (1) - RGP



6621 Les demandes relatives
aux renseignements sociaux
augmentent rapidement. Par
conséquent, nous soMmes
obligés de compter de plus
en plus sur la bonne veolonteé
des personnes interrogées
pour nous fournir ces
renseignemMents. Les
statistiques nationales dans
les domaines de la
croissance démographique, de
|“"emploi, des dépenses des
consomMmateurs, pour n’en
nomMer que quelques-uns,
doivent 8tre continuellement




8621 Les demandes relatives
aux renseignements soctaux
augnentent rapidement. Par
conséquent, nous sonmes
obligés de comnpter d

en plus sur la bonne volonté
des personnes interrogées
pour nous fournir ces
renseignenents. Les .
statistiques nationales dans
les domaines de la
croissance d%n%%f%phzqae,cda
|“"enploi, des dépenses des

consommateurs, pour n’en
nommer que queliques-uns,
doivent @tre continuel ienent
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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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Executive Summary

A previous experiment with a 5x7_character set
determined that there should be no more than 40 characters
per line on a Telidon page,'aﬁd no moﬁé than 20 iinesxper
page. Further, it was shown that characiers with descenders
should extend below the lire by at least one pixel.. This
paper reports fesuits of a.similar eipériﬁent‘using a 7x9

character set,

The experiment indicated that descender cﬁafacters~°
should extend at least two plxels below the line, that
oharacters on a llne should be separated by three plxels,
and'that the space between lines can/be as little as one
pixel. These values increase the size of the,basié 7#91
ehafacter 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 eharaoters ‘per llne 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 canh 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’"Spééihg'bf'charactéfs,6n'a 
Television Display" used a letter search task.to arri#é at
recommendations 6n spacing of characters on a television.
display. For the 5x7 charéctér éét used in-thatlsﬁudy, the
best horizontal spacing'Was found to be two pixels;fahd'the,
best spacing'bétween'lihés of letters was found tb:beuthfeé
pixels. Further, the ékpériﬁent also showed ﬁhét deéeénderv
characters should extend below the line by'gt least dne'
pixel. This paper reports the results of a‘similaf""
experiment’using‘the 7%9 charaoteh set presentlyVUSeq,on

Telidon.

An Electrohome Model'CMO 19 ineh‘CQlour télevisiénv
set modified for RGB inpuf was .employed in the'expéfiMént}'
This television is similar in qhality'to domestiC'television’
sets, and has rectangular phosphor elements., Lettérs_wéré'jJ

displayed in white on a colourless background.

The methodology employed was identiéél to'that‘
described in»tﬁe earliér'paperal A page of”randdmly.chOSen;:
lower case rows of letters was displqyéd on each tniél} ;Thé 
critical line to which the subject'ﬁas réquiféd £o at£eﬁd };
was marked in the left mapgin_byAa Pplus".symbo;;' BéCaﬁse,t
the léngth of thé_descender'on tﬁé 1é£ters7"g";:vjﬁ;'hpﬁ;ff{
"g" and "y" was a variable of interest, these fivefletteré”Zi

were selected as the search targets. The first letter in,f'
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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 wés 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 respoﬁse 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,
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and then 10 trials were presented for practioe. 1The'/'

experlment itself was a 3x3x3 w1th1n design with length of o

descender, horizontal spac;ng and,vertlcal spsclng,as/the kS
three faétors.'Length of'descenderhrefers to'thé-aﬁodhtﬂéf"’
'protrus1on below the line by descender characters and was O'h

1 or 2 pixels. Both vertlcal and horizontal spaclngs were ’
1, 2 or 3 plxels. rT’l'uerejf‘ore,,the total design consisted of o
27 oells. ' Each of the five target letters was presented

tw1ce in each experimental conditlon. Whe'27-conditions v

were: randomly ordered w1thin each of 10 blocks of trials.'hfzf

fThus, the total number of trials for each of 11 subgects wasf
rj270t' Because the session -lasted about 35 minutes, a short

pause was permltted following the 135th tr1al

A repeated measures analysls of varlancevwas
performed on: eaoh of three dependent varlables.‘(1)','
~,frequency of mlsses, (2) scanning rate in charaoters/sec, fi
and (3) scannlng rate in plxels/sec« Analy51s of frequene&fi
_ of mlsses showed a 31gn1f10ant effect due to horlzontal i /
Aspa01ng (F(2, ,20) = 3 595, p< 05), and an effeot due to length :
of descender (F(2 20)=29+378, p<v01)a N6 1nteraot10ns were .

slgnlfleant. Ana1y51s of scanning rate in charaoters/sec

showed that the effect of vertical. spaoing Jjust mlssed the B

eriterion for 51gn1f10anee (F(2 20) 3. 311 p< 10) ' However,r

E 2 W A e S G W T W e w
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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<a01),
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
Descender _
Length 16.1 3.2 3.2

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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vflndlngs 1nd1cate that the. descendlng component of a_ R

descender character in th1s character set should protrude ;.ff;

below the llne by at 1east two pixelsa"“"i'

Horlzontal spacinp between letters affected bothv~
measures of scannlnglratep The rate 1n characters per
second. decreased significantly with each 1ncrease in
spacing, while the rate 1n pixels per second 1ncreased
81gn1f1cantly with each 1ncrease 1n spaclngf Nelther.'%
measure shows any 1ndicatlon of an approachlng asymptote

1th1n the range of the 1ndependent variable employed. o

Obvxously, the ‘increase in rate of scannlng w1th 1ncrea81ng

character separatlon was not sufficient to keep the rate ofi'

character lnput at a constant valueg -These data by
themselves would 1nd1cate that the minimum spaclng is the
most desxrable 31nce it would glve the hlghest rate of
1nformatlon inputs However, the analy51s of mlSS frequency
- showed that a space of three plxels resulted in

slgnlflcantly fewer misses than the two smaller spaclngs,'i'

while the latter two did not differ.- It appears, therefore,ujf'

that a horizontal spacing'of one or two plxels results in -
too high a rate of<character 1nput«- The slower input rate
at a ‘spacing of three plxels is preferred because of the ~A

assoclated lower MlSS frequencya‘ These data indlcate that a

1i6f'i.
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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.
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Placement of Accents on Characters_

William C. Treurniet and Susane Latremouille
o Communications Canada'

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 permits the letter to be-
compressed vertically in order to make room for the.

accent.

The COMPONENT Method: The accent and the letter are each
' described on separate character matrices. The
aceent is drawn over the letter by superimposing the

- accent matrix on the letter matrix.

The photographs of Figures 1 to 4 show ' how “accented
letters would appear using . the ENSEMBLE method and three
different applications of the COMPONENT method. o A

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.

A1l accents are formed on the top two rows of

the matrix. .

Samples of the COMPONENT Method'

Figure 2: ' THe 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.
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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 1lower 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 which 1is highly
significant (p<.001). This means that the pidtures differed
in terms of the ranks that they were givéen. 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 4 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 1letters of Figures - 2, 3 and 4 are
designed so that they can be drawn wusing the component
method. It should be noted, however, that these 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 5x10 character matrix to
include the interline space of three pixels.
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Figure 2 (a)

Figure 2 (b)
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0220 Le rble des fers & cheval est
subtil et nuoncé. Les fers protégent
.d”gbord le pled du cheval, mals 16 ol
tout se transforme en un ort, crest

" iqu4ils peuvent exercer une traction

jorsque - le membre vo chercher lo
‘foulée. Cette traction représente comme
‘une force d’aorippenent qui vo

| permettre un grond &lon, Les "suedges™

ont 17aspect des fers réguliers,
possédont toutefols une encorvure qui
“permet ou pled de se remplir de terre,
créunt un effet de feutrage sur les

pistes de pousslére. Lesifers borrés
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qul _ont pour effet de retorder: ilis
sont . utlllsés sur des pistes dures. Les
fers & pltons accrochent moins que les
vrécédents. Les fers sn forne d’oeuf

servent § réportir plus uniformément le
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Figure 4 (a)

¥

FTigure 4 (b)

Figure 4 {(c)
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A*,Appendix‘A' _

& rank. of "1" was~ assigned to the ‘most preferred

‘picture, and a rank of ‘"A" was .assigned ‘to the least -
“preferred pleture. ~The number of times . each picture -

received each of the four possible ranks is as follows:

1
1

B l=s)
T
QO WwWw=-

WO -
NI -

1
y
10
5




CHAPTER III
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THE OPTIMUM NUMBER OF ALTERNATIVES -
©TO DISPLAY ON AN INDEX PAGE ~
. IN AN INTERACTIVE TELIDON DATA BASE

© ERICLEE- =~
BEHAVIOURAL RESEARCH GROUP
DEPT. ‘OF :COMMUNICATIONS:. . -

:  OTTAWA L

SUMMARY

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

should be disp1ayed’on a Telidon index page has several practical fém{fications;

The purpose of this memo is:

a) To address this question from aibehaviouﬁal:perspective;f__

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 bé*drawh-from this

analysis.

For those readers uninterested in reading all the detaiTs_of‘the#éna]ysis,
a thumbnail sketch of the*logic of this aha]ySis plus the majof conclusions
derived from it are given in this brief summary. fhe detai]edAana1ysisHWith
its discussion of assumptions and methematical derivations id contained iﬁ the

ANALYSIS section.

The version of Telidon currentiy being designed for pilot trails and
“initial commercial introduction proyides a hierarchica] tree-structure as thé
principal method to be emptdyed by users for accessing target infOrmatfon.

To locate a document in the data base using the tree, a ﬁéer mﬁst chooséV 

among the alternatives didplayed on each of a series of index pageé. 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 d#ocate 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, theréby 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 Telidon data base, hereafter
called search time ST, will depend upon (a) the time it takes to read the
alternatives on each index page (b) 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 Tength of time required by a user to find information in the Telidon

data base, i.e. search time, will probably be a fundamental determinant of
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system appeal and sat1sfact1on for the}user i It is reasonabde to assome

that pe0p1e will refuse to use any retr1eva1 system hav1ng excess1ve1y 1ong
STs; Thus, the shorter the average ST the h1gher user acceptance and

| sat1sfact1on w1th the system w111 be, and the more peop1e w111 tend to ut111ze

.'Te11don [ seev1ces

Tota1rsearch'times on this system'w111hdepend npon‘many faotors'sueh_t'
as number of documents in the data base, number of'1eve1s:1nvthe tree,
number of choice atterndtiVes offered‘on‘eaCh:tndex page,.Te1fdon system‘J‘
response time, the rate at which people read, time to ‘locate and press:keys, '
| and the search stratedy employed by the individaal uSer' On'thelbasis”of
reasonabie assumpt1ons about both the rate at wh1ch peop]e read and the
strateg1es they emp]oy in search1ng through the a1ternat1ves on an 1ndex
page together with Bob Baser's prOJect1ons for Te11don system-response
times (see attached memo ), re]at1ve]y accurate pred1ct1ons of search t1mes
can be made. The analysis contained-in the next sect1on descr1bes an -
appropr1ate behav1oura1 model and 111ustrates its usefulness in answer1ng “the
very practical question of what is the opt1mum number of a1ternat1ves to d1sp1ay
on an index pagc. It shou]d be noted that if the opt1mum exceeded 10, then
this wou]d be a strong argument in favour of using letters (perm1tt1ng a
maximum of 26) for 1abe111ng the a]ternatives One 1mp]1cat1on of th]S |
alternative would be that a more expensive a]phanumer1c as opposed to.a str1ct]y

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:
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1) The optimum number of alternatives per Telidon 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) MWhenever 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 S
users can‘emp1oy 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).. Inan

exhaustive search the user reads every alternative on an index page before.
méking his/herlse1éctionfwhich‘retrieves'the next index page. IﬁﬂCdntrast;

in a self-terminating search, the user reads alternatives only until enCOUntEfing
aiv alternative that meets his/her criterion of.dppkopriateness;-qt which -
point the search is- terminated and the next 1ndéx,page 1$7rétrjeyed; “A

decision is made to accept or reject eaéh a]teﬁnatiVe'asﬁ1t 1s read.  Ohi‘

the basis of my own casual observation of users, 1tkappeérs that ‘about
threquuartérs'of these peop1e.have'emp1oyed a'se1f¥termiﬁétihg'search s£rafggy.
‘(Of course, more systematic research would have to be cohducted_tb,- o
establishz the pﬁdportion of usérS'emp10y1ng’each strategy.) Howevér, I

will show that the optimum is almost always 1e§s than 10 regathéssrof,whigh' f o

strategy users adopt.

When searching an index page, all uéers seém’to scan,the aiternatives
on the page in sequence from top to bottom. A user who'emp1oy$ an eXhaustive{_< .'1
search strategy will always read all a alternatives oﬁ an 1ndéx ﬁage, o
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 haphazard1y. ,Therefore;'
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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-terminating
search strategy is employed. (If the most frequently accessed alternatives
happen to occur near the beginning of the sequence of index terms on a page,
then E(A)-»1. If, on the other hand, the most frequetitly accessed
alternatives tend to occur near the end of the sequence, then E(A)-wa.
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 13st of diidex 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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extreme]y difficult to recall all 1ndex terms because there w111 be SO

many to remember. Furthermore a. 1ong series of psycho]og1ca1 exper1ments 3

(see any introductory psychology text) has amply demonstrated that our - _
ability to-recaT] words is greatly inferior to our'abi1ity-to ‘ecognize -
words that we have Seen‘before And f1na11y, the: typ1ca1 home user ‘is

just not 11ke1y to become a highly exper1enced Telidon user.

Although alphabetical sequencing has no effect on the expected

number of alternatives that must be read on a pagé, sequericifig by "frequency”

could have a dramatic effect. The alternatives on an index-page can be .
sequenced according to the relative frequency with which past Users hare

accessed each alternative, placing the most frequently accessed a]ternat1ve

f1rst on the page and the least frequent1y accessed a]ternat1ve 1ast 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’se1f~term1nating search. At the'other eXtreme,

if all alternatives have been selected equa11y often, then the organization

or sequencing of the alternatives w111 be essent1a11y random and the E(A)

a/2 for the self-terminating searchs In practice then, the fac111tat1ve

effect of within-1ist organization by frequency 1n reducing total ST will be

confined to those users employing a self-terminating strategy for searChing
index pages in which the alternatives have not been accessed equa]]y often

in the past
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The relationship between the number of documents in the data base
{denoted 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 p, where p also represents the number of
index pages that must be accessed by users to retrieve each document)
is given by

(1) d = aP.

Giwen any 2 of the three variables (a, d, p), the third is fixed and
can be computéd by Equation .1.. For example, if there are 100,000
documents and 10 alternatives per level, then the number of levels is

(2) log d/log a
5/1 = 5.

=
1

To Tocate a target document in the data base a total of p 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

employed by the user) is

(3) T =E(A) -t + tep * tet
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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= time interval between the completion of reading the alternatives

*p el
on an index page'and the actual pressing of the keys; -
ty = response time of the computer, i.e., the t1me between the last -

key press and the onset of the next 1ndex page
Thus, thettota1 search time is just p times'Equation~i3 or-

(4) ST = p(EA) - t, + ¢

where ST total search time;

p number of levels in the tree.

By substitution of d =

(5) ST = E(A) - t, +,tkp L. Tog d

log a

number of documents in data base, and

=
=
(D
=
(D
Q.
11

number of alternatives per index page.

o3}
u

From Equation 5 , it can be seen that 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 ltmust all be multiplied by the constant log d = 2. In
plotting the relationship between ST and a for a data base of size d = 100,
one simply has to double all values on the 6rd1nate (i.e. double the ST
values). Note thatthe 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 Towest point on each
curve in Figure T remains the Towest when d is changed. Therefore, in
all further calculations the size of the data base is arbitrarily set at 10
and, thus 1og]od = 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 & 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.
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For examp]e, emp1r1ca] observat1ons suggest that most peop]e requwwe ]/2 L

to 1 second to 1ocate and press ‘the apprOpr1ate keys on the keypad F1gure 1”
-1 and Tab]e 1 present pred1cted search t1mes and pred1cted 0pt1mum numbers
| of-a]ternat1ves, respect1ve1y, based on the assumpt1on that peop]e take dlf.d

1/2 $econd on the average -to Tocate and press the keys. 'The‘predictions t-

dep1cted in F1gure 2 and. Table 2 are based on the assumpt1on that ‘the average"

key press time is 1 second.

The number of users on Te]idon.éjmultaneOUSTy is varied éyétematicaliy:w':”>
from 1 to 120. " The Corresponding Telidon responSe times, which depend |
upon the number of users, range ‘from the opt1mum pred1cted by Bob Baser to -
a very slow response time. The reading times per a]ternat1ve in Tab]es 1 and 2
range'from a theonetica]-m1n1mum of 1/4 sec per a]ternat1ve (that is,.a saccad1c
eye movement, with an average'duration of 200-250 msec, . is hedhired;to move
the eyé from one a1ternative to the next) to an extremeTy slow 2 seé.per S
alternative (which s noughly eéquivalent to an extremely s]onAreading speed.
* of 30-60 words per minute). Bill Treurniet estimates that average neadjng»
speed is approximately 240 words per minute which is rough]y’equiva1ent/to_d*'
.5 seconds pervalternatfve. Finally, both search strategies é4_e¥haUStiVe_

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

InspectidnvoffTab1es 1 and 2 reveal that theloptimum number[ofva1ternative57

for an extremely wide range of pbssib]e conditions f; less’ than 10. #0n1y'l"'
when extremely fast readers are using a highly dver]oaded system.(i;e;'dVer.zk'
100 users simultaneously retrieving information which s]ows"computer reSbonse'

time down quite a bit) does the optimum ever exceed 10'a1tennatives/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 pptimal for most situations (see Tables T 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) ST,., ={log10}ST ;4
log 26

= L7067 ST__14

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 1imit appears to be 40 alternatives
per page (2 wows of 20 alternatives each). Thus the greatest savings in

total search time that could be made would be:
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(7) STa=4OA" log 10 STaito’
: Tog 40

1

6242 ST,

It is ﬁmpontant to remember, however; that thesevconditions ahe very

| unlikely to be met in practice Up to th1s po1nt in the ana]ys1s 1t has been ,:

implicitly assumed that all textua] 1nf0rmat1on on a page is d1sp]ayed |
simultaneously. ~There are actua]]y three variations in the rate of d1sp1ay3-
for Telidon systems:' (a)' each page is d1sp1ayed 1nstantaneou11y, (b) teti
is displayed line by 1jne but at a’rate,faster,than users’can read ‘the o

already displayed alternatives, and (c) text is displayed Tine by line'and -

at a rate slower than users ean read the displayed a1tennat1ves The ana1ys1sA

developed up to thﬁs'point 1n’this5mem6 applies to both situations (a) and

(b).

When text is d1sp1ayed Tine by 11ne more rapidly than it can be read the

text can be considered to be d1sp1ayed s1mu1taneous1y because 1t -does not ‘
reduce the reading rate (which is a parameter in the ana]xs1s-presented:thus
far). When text is displayed line by 1jne at a s1owen rate than usens_can:,‘
read, however, reading'rate mast slow ‘down. In'this:case' the rate’of".
read1ng a]ternat1ves t must now equa1 the rate of. d1sp1ay td, that 1s, the f:
max1mum rate of read1ng can be no h1gher than the 11m1t set by the rate of
display td. Situation (c), then,.can a]so be stud1ed us1ng the present k

ana]ysis'by‘setting usertnead1ng rate ta equa] to the rate of-d1sp1ay td.i.

:lﬁbith’“
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The present Telidon 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,
i5.13.66 char/index alternative (or approximately equal to 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 excdeds 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
assunption 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 (egq.
30-nmegabytes 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. EmpirfcaT research can, and should, be conductéd'to |

substantiate the assumptions made in the present que].-
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TABLE i
OPTIMUM NUMBER OF ALTERNATIVES ON
A TELIDON INDEX PAGE
ASSUMING ONE-HALF SEC REQUIRED TO PRESS KEYS (i.e. thp=1/2)a
USER SEARCH READING TIME NO. OF USERS (TELIDON RESPONSE TIME)
STRATEGY PER ALTERNATIVE 1-60(.55) 80(.60) 100(.90) 120(1.35)
.25 sec 6 6 6/7° 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

%The 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, tyt, are based on Bob
Baser's (July, 1979) predictions for the yet-to-be deve¥oped Telidon system.

“Both 6 and 7 are optimum.
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TABLE 2
OPTIMUM NUMBER OF ALTERNATIVES ON
" A TELIDON INDEX PAGE
ASSUMING ONE SEC REQUIRED TO PRESS KEYS (i.e. tkp=1)a
USER SEARCH ~ READING TIME  __NO. OF USERS (TELIDON RESPONSE TIMEP)
STRATEGY  PER ALTERNATIVE - 4.g(.55) 80(.60) 100(:90) 120(1.35)
25 sec 7 7 18- 8
| 1 | 50 5 56
EXHAUSTIVE - : -
1.00 4 4 4 5
©2.00 . '3 3 4 4
.25 sec 10 10 1 12/13°
.50 | 77 7/8 8
SELF- | | ,
TERMINATING 1.00 5 5 5 6
2.00 4 4 4 5

AThe optimum. does not vaky with phahges in the size of the data base
(i.e. the total number of documents). In other words, the optimum va]ues
reported in this table hold for any number of documents.

b

Baser's (July, 1979) predictions for the yet-to- be deve ed Te11don system

Measured in seconds. These Telidon response times, t'¥ “are based on Bob _
op




Figure 1. Search Time as a Function of the Number of 145
Alternatives per Index Page When People Use An Exhaustive Search Strategy
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Index Page When People Use A Self-terminating Search Strategy
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Government  Gouvernement
of Canada du Canada MEMORANDUM NOTE DE SERVICE
. _—l SECURITY - CLASSIFICATION - DE SéCUHITé

Eric Lee

OUR FILE —N/REFERENCE

] YOUR FILE — V/REFERENGCE

Robert Baser

DATE

N 5 June 1979

Regponse time of the Telidon Data Base

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
l (2.13 sec.) | .25 sec( ‘ cens

Blocks of 256 characters are tramsmitted 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 (0.016-24,400 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 turnmaround 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

III.I‘2
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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 uniformely distributed.

. In actual fact, the amount of requests may not be uniformqu
distrlbuted 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 tﬁnes

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 gend

you a copy as soon as it is completed.

UL B

Robert Baser ,
Image Communications

RB:pt

Encl.
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BROADCAST TELIDON: THE OPTIMUM NUMBER OF
ALTERNATIVES PER INDEX PAGE

SUMMARY

The conclusions of this study are as follows:

A.

B.

BROADCAST TELIDON WITH VBI TRANSMISSION

(1)

(4)

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.

THE USE OF VERY FEW ALTERNATIVES/PAGE (E.G. 2 OR 3) SHOULD
DEFINITELY BE DISCOURAGED. '

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.

DATA BASES SHOULD PROBABLY BE RESTRICTED TO A MAXIMUM OF 300 PAGES.

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.

AS MANY ALTERNATIVES AS POSSIBLE SHOULD BE DISPLAYED ON EACH PAGE.
AT LEAST 6 ALTERNATIVES/PAGE SHOULD BE DISPLAYED.

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
broadcast1ng will be considered: (a) 'vertical-blanking- -interval. (VBI)
transmission in which information is broadcast over the hidden v 1ines of
each TV frame (i.e., only part of a TV ‘channel) and (b) fu]] channe]
transmission; Three ana]yses will be presented ' C o

“(A)- the optimum for VBI transm1ss1on when the number of documents '
' 71n the data base is f1xed and known, ‘

| " (B) Vthe'optimum number of a]ternatives/page for VEI transmission

when the size of the data base (document pages. plus index pages) -

is fiXed and known, and'

(C) the optinum for fu]]—channe] transm1ss1on when the size of the
- data base is fixed and known '

The Tength of time required by a user to find 1nformation-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 peop]e should tend to
utilize Te]1don 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, (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 continuous stream of database pages being broadcast sequent1a11y over
the TV channel, (d) the average number of pages in each document (e) . the

strategy employed by users in their search for 1nformat1on and . (f the number

of a]ternat1ves displayed on each 1ndex page

- e B e e

-
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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) 1If the number of alternatives per page is Timited to a maximum
of 10, then as many alternatives as possibie should be displayed
on each page. Fewer than 6 alternatives/page should definitely
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~ be avoided because the search t1mes become ser1ous1y inflated.
“When Timited to displaying a ‘maximum of 10 a]ternat1ves/page,

search time is minimized under almost all conditions by
displaying the maximum‘ofllo a]ternatiyes on each index page. -

- The optimum number of'a1ternatives:per page depends critically

on the size of the data base; .see Tables 1-and 2. The optimum .
increases as the number of document pages (or the total number

~of data-base pages) increases; see Figure 1.

Data bases conta1n1ng more than 300 document pages w111 probably
require more time to search and retr1eve target 1nformat1on than
most people would be w1111ng to spend. Search t1mes would probab]y
average anywhere from 3to7 ninutes!  (See F;gures 2 and 3.)

Broadcast Telidon With Full-Channel Transmission

(8)

(10)

The optimum number of alternatives per index page is Tess than
10 for seme conditions and greater than 10 for other cond1t1ons

'”(see Tables 3 and 4).

Limiting the number'of'aTternatives’dﬁspiayed 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 max1mum of 10 alternat1ves/page are within
10% of the opt1ma] '

Search times are exceeding1y Iong‘when compared. with the
optimum for fewer than 6 alternatives/page. For example, search
times with 2'a1ternat1ves/page range anywhere from 30 to 300%
longer than the optimum. Increasing the number of alternatives/

M B aE B BN B o A Uy B By B Sy A B ey BN B
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page can reduce sear;h 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*
5,000 pages ' 23-779 sec
10,000 pages 41-113 sec
15,000 pages 59-140 sec

* Assumes effective data rate equal to 362,880 bytes/second.
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DEFINITIONS

) - the time that a user must wa1t after mak1ng a page

request unt11 the page beg1ns to be d1sp1ayed

‘wa1t1ng t1me is equ1va1ent to computer response t1me

for 1nteract1ve Telidon and to the broadcast response

,3:t1me for broadcast Te11don

.['the time required by a user to comp1ete}a'search
‘ pthrough the’data base treée index and find the document

‘wanted; it is the time from when the user begins his

search on Te11don until “the document 1s retr1eved, and 1t

1nc1udes the t1me requ1red to. retr1eve each of the 1ndex o

v'pages in the sequence ]ead1ng to the document

:NOTE - that search t1me and wa1t1ng t1me are not the
f{‘same th1ng at a11 Wa1t1ng t1me is the t1me that a _-fd
| user spends wa1t1ng for a s1ng1e page to be retr1eved whereas‘
. search time is the time. that a user: spends retr1ev1ng many

"1ndex pages until the target document is retr1eved

consists of all the pages of information that can be

retrieved by'a:user and dispTayed on a Telidon terminal

~ (or modified TV). It consists of both document pages.

and index pages.

. EE e e
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- 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

docunient pages.

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.

the total number of pages in the data base, including both index and

document pages;

the number of documents in the data base;

the number of index pages in the data base;

the number of alternative choices offered on each index (i.e., menud page.



" INTRODUCTION

' The present ana]yses are based on- a similar ana]ys1s for 1nteract1ve
Te11don (see Tech.: Memo BRG 79 4) The reader is d1rected to that memo for |
a more deta11ed d1scuss1on of the assumpt1ons and cond1t1ons under1y1ng th1s'

’type of ana]ys1s

To'asS1stfusers in their searCh tor fnformation’in a data base; a tree
fndek can'be'proVided*‘ To locate a document in the data base us1ng the tree,
~a user. must choose among the - a]ternat1ves d1sp1ayed on. each of a serles of
index pages. For a given data base the number of«1ndex pages that must,be
accessed to 1ocate ' the target document1depends7upon”the)number"Of-alternatiues
d1sp1ayed per index page and vice versa. Increasing the number‘of:aTternatives

d1sp1ayed on each page decreases the numberaof~1ndex pages that must be accessed in
»retr1ev1ng a- target document.

Since fewer 1ndex pages must be accessed to 1ocate any g1ven document
there will also be a reduct1on in the tota] 1ength of time spent by users
~ in accessing 1ndex pages At the same - t1me, however, 1ncreas1ng the number
of alternatives per page 1ncreases the number of a]ternat1ves that must
be read per page, thereby 1ncreas1ng the t1me requ1red by users to comp]ete ’
their search of each index page. The overall effect of the number of alternatives
per page.on search\tdme (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'a1ternatiVeS'on,eaCh'index;pages (b)' the t1me requ1red
to se]ect and'press the:appropriate keys on the keypad, (c) . the average ‘

waiting t1me unt11 the correct page is grabbed by the term1na1 from the




-9 - 159

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.
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~ ANALYSIS A

BROADCAST TELIDON WITH VBI TRANSMISSION (OPTIMUM AS A FUNCTION OF NUMBER
OF DOCUMENTS) ' . - ' R

" In the analysis of interactive Telidon (TECH MEMO BRG 79-4), the

~ relationship among the number of documents in the data base (denoted d), theﬂ%

number of alternatives per index page (a), and -the number of index. pages
that must be accessed to Tocate target 1nformat1on_(E),was given by

(1) d = aP
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 p index pages to retrieve. |
Héwever, when some documents in the data base requireé’ more index pages
to retrieve than others, the average number of index pages requiked to
retrieve a randomly seTectedIdocument could be anywhere from the minimum
to the maximum number of index pages required to access a document in
the data base. That is; | |
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where p = 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

o
3
T

document in a given data base;

Py = 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 Telidon 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 Tlong - .=
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.

l.et Py 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 o of the data base is aPm =~ L . If each
of those index pages accessed a documents, then the maximum number of
documents that could Le accessed at the highest index level £hpj5 aP'  However, if the
actual number of documents in the data base is less than the maximum
number possible (that is, if d < aPm), then a3 d  of the possible document

-pOsitiens at the hottom leval of the tree will not he filled hv documents and can

therefore be dropped from the tree. Furthermore, some of the index pages at level Py
will not be needed (for index pages are not needed to access documents that do not
exist). Each of these unnecessary



" index pages at ]eve] Em can be rep1aced by one of ‘the d document pages from

| Tevel pm*‘] of the tree with a consequent reduct1on of a in the number of

| documents that can be accessed. at level pm+'1 of the tree. However, since

‘a document from the bottom Tevel (pm+-1) 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 1ndex pages not needed at 1eve1
' B, of the tree can be considered to have accessed one actual and a. - 1 non-
ex1stent documents. The non-existent documents are dropped and since there
is on1y a single actual document rema1n1ng, it can’ rep1ace the unnecessary
index page at level Py Thus, for every a-~1 documents dropped from level
B 1 of the tree, there will be one actual document placed at level. P, © of
the tree. The number of documents access1b1e from the second.last- (i.e. Em - 1)
and the last (i.e. Em 1ndex 1eve1s of the tree are, respect1ve1y

(3) n = [aPm_g4l
-1
' (4) m = d-n
where n = the number of document requ1r1ng pﬁ -1 1ndex pages to.
retrieve each (that is, the number of documents at Tevel
By of the tree)
m = the number of documents requ1r1ng Py “index pages to retr1eve :
each (that is, the number of documents at Tevel p - 1 of .
the tree);. '
Pp = the maximum number of index pages that must be accessed in _.

retr1ev1ng a document

l-.J = denotes that the value of the term w1th1n the semi- brackets
should be truncated, that is, the fraction should be dropped
to leave an integer number. (For examp]e, ifa=3,d=12

P -.3, then n = L].QJ

Note that all d documents in the data base are access1b1e from the 1ast :
two levels of the tree. ‘
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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 2 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 righti hand side is truncated rather than rounded up to the next whole
integer because,when a-1 does not divide evenly into aPim - 4, it implies
that there is a remainder of less than &-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 Pu of the tree, the ability to display some actual
documents would be Tost 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 Py v 1).

It should be noted that the value of Py to be used in Equation 3
is given by

(5) Py [;og d/log ;]

where the semi-brackets indicate the value of the term within the brackets
should be rounded up to the next higher integer. (For example, if d = 12,
a =3, then p = [é.26] = 3.)

The term 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 access1b1e on e1ther the last or second 1ast
Tevel of the tree. ' ' ' '
Assuming that every docoment is accessed equally often,,thejﬁvv
probability that the document being sought will require p,index levels

is m/d because m of the d documents are at Tevel E%F' S1m11ar1y, the probab111ty
that 1t w111 requ1re Em - 1 1ndex 1eve1s is'n/d: :

(6) P(I =p,) = w/d
(7) P(L=p, - 1) Fn/d
where I - = the number of. 1ndex 1eve]s that must be accessed

P(I = pﬁ) = the probab111ty that Eﬁ 1ndex 1eve]s will be requ1red to

retrieve a document.

Therefore, the average 1ength of path through the tree (i e. the
average number of index pages that must be accessed to f1nd target
1nformat1on) is given by: o

(8) P = (n/d) (p, - 1) + (w/d) (p

m).

= Py - Wd

, John Storey estimates that 100 data-base pages can be wrapped around
(cycled) in 20 seconds using the hidden TV Tlines on a given TV channel.
That is, each page of broadcast Telidon information requires 1/5 second
to transmit. However, assuming random entry of request in cycle, the
expected number of pages (index and documents) that must .bé cycled past the
frame grabber before reaching the target page is given:by: 1/2 P. Then

(9) t.. =t -1/2P
=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 information;
P~ = the total number of pages in the data base (including documents
and index pages).
(10) to= t, . 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 +1

where i = the number of index pages. The gﬁh’1eve1 of the index consists of
g*'l pages. The total number of index pages is the sum.of the number of index

pages at each level of the tree.

(12) i = £+J+.“+ﬁm'2+(a%'] - 1)

The' last term in Equation 12 s the nhumber of' index pages at the tast $#ndex
Tevel (i.e. Em)' 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:

. -1
(13) i = Pm-
£ af +( aPm - L. n)

k=20




By subst1tutlon, Equat1on 11 1s equ1va1ent to

() p = a4 E akealitl o
o k=0 S
(8 = sl o1y a1

Coa- 1

The number of - 1ndex pages, 1, equa]s the number of 1ndex pages in
]eve]s 1 to Py - 1. of the data base plus the ‘number of index pages at
level Em of the data base (recal] that n of the, pages at level Em w111
conta1n documents) e -

'Response time of the computer is, therefore, .

afm -1

’ o o = 1%
, - _ pm = ! % ;
(16) t. = 1/10 (d + R tam . - =n) -

The expected search time, ST, for a Te]etext document is g1ven by
the following equat1on wh1ch correSponds to Equat1on 4 in TechaMemo BRG 79 4
(except that p_has been subst1tuted for p) ‘ N

(1) sT = p (E(A) cty *,tp)ﬂ* ty

which, upon,subst1tutjon’of.tp,=~trt +vtkp’ 1s_equ;va1ent to -

(18 st =p (E(’A) . t, "'.;tkp + trt)i* tkp bty
where ST = expected total{search time;
p = xhe average number of 1ndex pages that must be accessed
to retrieve a document,
E(A). = expected number of a]ternat1ves on a page that must

be searched before the target 1ndex term is found
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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 1in
broadcast mode;
tkp = time required to make a key press.

Note that the last two terms (i.e. tkp + 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?
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That is, d = 100, a = 9, t, = 1/4, E(A )'é a.

The maximum number of index pages accessed is

| = [iog d/toga] - [é/ 95424] [2 0959] |
The number of documents that requ1re 2 1ndex page retr1eva1s to access 1s

n o= |afm - g % - 100 [78 625J - 78 -
- a.4,1, BN RN |
The number of documents that requ1re 3 1ndex pages retr1eva1s to access 1s:'
m = d-n=100-78 =22 o , .
P = p,-nd=3-.78=22
p- = ‘dia%L;1f1 +amhf1ﬁh,““
= 100+9%-1+9-78
= 100 + 10+ 81 - 78 = 113
ty = 1/10P +1 =1/10 (113) + 1-= 12.3
ST(a=9) = p A) - : - '
T(a=9) = p (E(A) tag+ tp) +ty

2.22 (9 - 1/4 +12.3) +12.3 .

44,60 seconds

Search time- is pred1cted to be 44 6 seconds on the average under these
conditions.
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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 (gj; 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+aPml 7 4 gPn-1 _ n#
a - 1

By substitution for n and rearrangement,

- apm-] -1 - apm-”l ¥ apm-_' d
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 ofl_ _’, i.e., rounding down, can be applied to the entire

right hand side of the equation.

d = l? S LR T SN d |
a - 1 a -1 a- 1]
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Equafion'lg g1ves g_1n terms of two variables, a and E,‘both'Of which are
known and fixed in any simulation. ThiS'equatidn was used to solve for d in

generating the pred1ct1ons for vert1ca1 b1ank1ng ~interval (VBI) transm1ss1on
broadcast .Telidon. -

ad -d+d = (aA-1)(P-ap I I « afm )|
: o - a-1- o a-=T1.




- 21 - 171

By rearrangement, Equation 19 can be rewritten as:

(20 d = l-P—l(P-UJ
a

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,
(2 i =11 (P -1)
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 + i1>P whered, i, P, and R_aré all integer valued, d. = a” and i = a® - 1.
a -1

Second, by the following equation:

(22) p = [109 LP - 1/a(p - 1)J /10Q a]

Equations 19, 22, and 18 were used for generating predicted search times.
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ANALYSIS C

Broadcast Telidon With Full Channe1 Transm1ss1on (Optimum As a Function,.
of Data Base S1ze . o _ IR N

When an entire TV channe] s ded1cated to broadcast1ng a data base;j
many more pages of 1nformat1on can be transm1tted in the same per1od of -
time than when only part of a_channe] 1s used as 1n yert1ca1-b1ank1ng-
interval transmissionv(see~attached meno), With only one alteration
the VBI analysis can be extended to predict STs for the fu]]QChanne1 "'d
case. In the VBI analysis, ithaé assumed inb1icit1y~that each;dOCUment"'
contained prec1se1y one- page of 1nformat1on - For such sma11 data bases
as are 11ke1y to be transm1tted via vert1ca1 b]ank1ng 1ntervals, such
an assumpt1on w111 undoubted]y prove to be a re]at1ve1y accurate pred1cticn.
For the much 1arger data bases that w1]1 probab]y be character1st1c of
full channe] transm1ss1on the average sized document is 11ke1y to |

contain anywhere from 2-5 pages of information.

The VBI analysis can be extended to the fu]]-channe] case by 1ndorporat1ng

a new var1ab1e, fy the average number of frames or pages of 1nf0rmat1on 1n

a document.

‘-If it is assumed that each document fn-the data base'containsff'frames".
(i.e., pages), then the prev1ous ana1ys1s can be genera11zed by the f011OW1ng

equations. F1rst the tota1 number of pages in the data base equa]s 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 = d41i as in Equation

—~
8
-
H |

df: + i

df

n
]

t
—

where f = the average number of pages of frames of information in a

document.

By substitution for i (see Equation 15):
4

df = [P - apm_] -1 - aPm'1 + aPm . d
a - | a -1 a-11
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adf - df + d = LPP» A L T .épm + aPm-l 'apmJ
d = 1/(af -f +1) L?P - P+ Ij

&) d aP - P +1
It can be seen that' by'substitutioh offf ] (that is, by assum1ng

that all documents are exact1y 1 page 1ong) in the last equat1on, the

special case of d in Equat1on 19 1is tha1ned_

In general, when each-document contains ah avekage-of}f_pages, the

value of p is given by:

(28 p = l-log,LP-P+1J /1oga_l
: 4 f-f+1

With appropr1ate evaluation of d and p by Equations 24 and 25, respect1ve1y,
Equation ° can ‘then be emp]oyed to generate pred1cted search times. for the

full~channel transm1ss1on case.




Waiting time, trt’ until the next page is displayed equals one-half
the cycle time, Ic' Cycle time is the time required to broadcast every

page in the data base once.

(26) ty - tc/2

Cycle time is given by:

(27) tC

BP . P/EDR

and the effective-data rate i%
(28) EDR = BL . N . 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 1ine);




26 - 176

NL = the number of usable TV lines in a field (in TV 1ines/
field); - | . R
'C = the cycle rate for the fie]dé (in fields/cycle).

v-Thds, cycle time is ‘the total hoi of lines of'information 1n'

- the data base diyided by the average réte at whiCh’ihformation is
transmitted.~”The effective data-raté:dépends upoh_the number éf_
bytes/TV.1iné, BL. Two_data rates are considered in thééé‘anHJySGSi
BL = 16 and 24 bytes/TV line.. The cofresponding effectivé data raféé
are 241,920 and 362,880 bytes/séc,'respectfvé1y, assuhinglthat the -
average Telidon page contains:épproximate]ygéoo byfes/pagef Sixty

fields are transmitted each second (i.e., C=60 fie]ds/seé).
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SIMULATION ASSUMPTIONS

Predicted search times were generated for each analysis based on the
following assumptions and conditions.

Analyses A and B

[

Users employ 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, g_é]ternatives 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 employ 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 1line; 252 lines per field; 60 fields/second)
or 241,920 bytes/second (16 bytes per TV 1ine).

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

Telidon data base.
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RESULTS - -

It was not ent1rely clear ]Ust how many

alternatives could be dlsplayed .on a 51ngle 1ndex page

without impairing the user's ab111ty to read and -
,w1thout making each alternative so short that 1ts

meaning becomes unclear. Presented in quures 4 a,,b,
c, and d are -examples of displays with. 20, 40, 69, and ‘

80 alternatives on an index page. .Since many
alternatives in the .present Telidon data base: exceed
the maximum length’ allowed for 69 and 80 ‘ ‘

alternatives/page, it is unl1kely that  any-: 1nformat10n;

provider would ever use more than 40
alternatives/page. Therefore, the number of
alternatives/page was varied between 2 ‘and 40 in
~generating predictions from these three-analyses.

Analysis A

In deriving‘the,bredictions'presenteddin Table 1

and Figures 1-3, the number of document pages in the
data base was systematically varied from 169 to 3490 to
506 to 94d. In all.cases the size of the

corresponding data base must be larqer than the number

- of documents because the data base includes both index

and document pages. ' Thus, when the number of
documents equals 164 and the number of alternatives
‘per page is 19, the number of pages .in the data base
is 111 (i.e. P =4 + i). . ,

The optlmum number of alternatlves for dlfferent

-~ user search. strateégies, .reading rates,'and numbers of

documents is displayed in Table 1. From this table it
can be seen that, for the’ condltlons considered, the
optimum is always 10 or more alternatives per 1ndex
page. This result contrasts sharply with that found
for interactive Telidon where the optimum was always
1% or less., This difference in optlmums for
interactive and. broadcast Telidon is attributable (a)
to the much longer system response times for broadcast
Telidon (16¢-9A seconds for broadcast Telidon compared
to 1/2 - 1 1/2 seconds for Telidon) and (b) ~the much
smaller broadcast Telidon data bases. | - S '

Predicted search times are presented in quures 2.
and 3 for varying numbers of documents (assumes VBRI
transmission). It can be seen that search tlmes are ..
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minimized for intermediate values of a, the number of
altnatives/page, Too few or too many
alternatives/page produce 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 106 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 1#, then the expected search time will be
slower than optimal. Provided that the optimum
between 2-10 alternatives/padge 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 19 is 10 alternatives/page. If fewer than 14
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 1@
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 optimum,

Data bases containing more than 38# document
pages will probably require more time to search and
retrieve target information than most people would be
willing to svend. Search times would probably average
anvwhere from 3 to 7 minutes! (See Fiqures 2 and 3.,)
For a small data base with only 128 document vages,
predicted search times range between 35 and 89 seconds
(provided that somewhere between 5 to 1M alternatives
are disnlaved on each paae); see Fiqures 2a and 3a.
For 344 document pages, search times should range
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between 1@ﬂ ani 175 seconds (prov1ded that between 1%

and 20 alternatlves are dlsplaved on- each ﬂaoe)- se@,"

quures 2b and 3b

,'Aﬁalysis B

' Predlcted optlmums for varylng s1zes of data
bases (assumlng ‘VBI - transm1ss1on) are’ presented in

‘Table 2, .These résults are similar to those: generatedf

from Analys1s A-in that ‘the optimum number’ of

alternatlves per page is 10. or greater for almost'anytf 

'rsconaltlon. “From . Table 2, ‘it can be seen that the -

'optlmum does not’ vary either w1th user search. strategy'
or with readlng rate. It does vary d1rectly, however,fﬁ

with the size of data base: 1ncreas1ng the size of the

data base increases the optlmum number “of alternatlves“'

- per page. Predicted search’ t1me is plotted ‘as ‘a-

- function of the number of alternatlves/page in quures*

e/6 and 7.

- AnaleisJCma

Predlcted optlmums for varylnq sizes of data
bases. (assumlng full=- channel transm1ss1on) are.
'presented in Tables 3. and 4. ‘User search strateqv L
~ does not affect the ontlmum very mach. ‘The optimum is.
_lower for faster readers than it is for. slower
readers., Increaslng the size of the data base

_ increases the optlmum number of alternatlves per Dage."
L Increas1ng the . ‘average number of pages’ per’ document
decreases the optlmum. Increaslng the effective. data. -

rate from 241,920 to 362,880 bytes/second has very

S little effect on the optimum, . The optimum is nelther7}
consistently over nor under 10 alternatives per index.
page. Predicted search times are presented in Tables -

S5a through h for what is .assumed to be a. typlcal
Telidon user (i. e., a reading rate of 1
.,sec/alternatlve 1s assumed)..

Table 5 presents the range of . exoected search
times w1th1n ‘which actual search. times. should occur.
for different 51zed data bases and different rates of -
data transm1ss1on. 'Increases in ‘the size of data,base
- appears to increase STs 11nearly. The hHigher data
rate of 362,880 bytes/sec reduces’ search time but not
by that much (ive., a 50% 1ncrease in the rate of data

: .transm1s51on results in onlv a 16 - 25% reductlon in.

ST). - In. most cases, STs are in the,order of 1-2
mlnutes.; On- the face of 1t,€this'apoearsvto 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 372 to 308% 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 19 can increase search time up to
21% above the optimal., Under most of the conditions
considered, however, search times for 18 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 .



. DISCUSSION

A keypad would be most useful 1f the optlmum wasv L
«always 16 or fewer alternatlves/page for.then "the" ”
.numeric, rather than an alphabetlc, c¢oding ‘scheme
~could be used’ for index vages.. Since the: optlmum SLL e
-gometimes exceeds '1¢. for full~channel. tranem1351on, a‘fﬁ
‘keyboard with alphabetic capability. appears necessary.

' There are, however, two powerful altérnatives, ‘€ither’
" Jof which would permlt the retention -of ‘the keypad.;;ﬁ

”Flrst, the numeric. keypad could be retained, .- 1f each -
"alternatlve Oon ‘a. page was: a551gned ‘a two-digit code.
. name (see Flgure 4) . When document” page numberlng
~‘depenas upon the: numberlng of pages, douollng the
humber of dlglts ‘assigned to each alternative :
‘essentially doubles .the number of. digits requ1red 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. Telldon (for
example, a“ 16 level tree would require’ an unw1eldy

" 32-digit number for each document page) ,- doubllng w111
_probably have only ‘a relatively small effect on. small
‘data bases characteristic of broadcast’ Telidon with SR
VBI transmission (where only 2-4 index paqes, i.e.,
4-8 digits, would be reguired to access a given .. -
document) ., For, relatlvely small data bases that are.
likely to be made available on broadcast Telidon with

" VBT transmission (i.e. 100-10800 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 dlglts).' Moreover,
if there are fewer than 106 documents in a data base,
-then the optimum number of alternatives per page will ~
be less than 16 for most conditions, In this case

" there is no question that a numeric keypad would be
satlsfactory.. : '

: Second, the number of alternatlves dlsplayed per
page could be limited to ‘a maximum of 14, This is a
particularly . attractive alternative in the case of
full-~channel transmission because search times will,

‘at worst, be no more than 21% longer for a maximum of

10 alternatives/ page than for the optimum. Moreover,
under most condltlons, search times w111 be no more '
than 1% 1onger than optlmum.,

V leltlng the ‘number of alternatlves/page to 10,,
then, is hlthy recommended as the solution for
malntalnlng a numerlc keypad for broadcast TelldOn
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with full-channel transmission. Unfortunately, no
clear recommendation can be made for the case of VBRI
transmission. Search times for a wmaximum of 17
alternatives/page are, in some cases, moderately (over
50%) longer than the optimum, Moreover, the ontimum
is always 10 or more for anv data base containing 100
or more document pades, The choice between
double-digit coding and setting a maximum is a
difficult one., Empirical work mavy 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 580 and 940
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. Fmpirical 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 (VRI) 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. Interactfive 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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TABLE 1. -
OPTIMUM NUMBER OF ALTERNATIVES ON
AN INDEX PRGE | |
FOR BROADCAST TELIDON WITH VBI TRANSMISSIONaV(ANALYSIS'A)
USER SEARCH READING TIME . NO. OF DOCUMENT PAGES IN DATA BASE®
STRATEGY PER ALTERNATIVE | 00 300 500 900
25 se¢ 1M 210 26 32
o (e)  (18-27)  (23-33)  (32-40)
| - .50 0 18 T 30
EXHAUSTIVE e ©(10-11)  (18-20)  (23-25) (30-32)
| 1.00 10 18 23 - 30
| | (10). - (17-18) * (23) (30).
2.00 | 0. - 17 22 30
» S (1) (17-18) . (22-23) . (30)
.25 sec 2 .. 31. . 4 39
| C . (13-40)  (22-40) - (28-40)  (34-40)
50 1 2 2. 3
SELF- ' _ “(10-21)  (18-27) (35-33)- (35-40)
TERMINATING - - : :
| ' 1.00 | 10 18 23. 30
o . (10-11)  (18-20)° (23-25) (30-32)
2.000 10 18 23 30
T (10)  (17-18) . (23) (30)

The optimum for broadcast Te11don un11ke that for interactive Te11don var1es with
changes in the size of the data base (i.e. the total number of documents)

bTab]e entries represent the optimum number of alternatives for the spec1f1ed
conditions. In parentheses below each optimum is g1ven 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 w1thout 1ncreas1ng search
time by more than one second. A




: 8
- 35 - 165
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 }
.25 sec 12 17 22 30
.50 10 17 22 30
SELF-
TERMINATING
1.00 10 17 22 30
2.00 . 10 17 22 30
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TABLE 3

OPTIMUM NUMBER OF ALTERNATIVES ON AN.INDEX PAGE FOR BROADCAST
© TELIDON WITH FULL-CHANNEL TRANSMISSIgy S
AT A RATE OF 241,920 BYTES/SECOND
y (ANALYSIS 0

© USER SEARCH ~ READING TIME AVERAGE NO OF - NO..OF PAGES IN DATA BASE
STRATEGY ~ - PER ALTERNATIVE - PAGES PER DOCUMENT  ,§pooh,- 10000~ 75000

25 “sec R S A )

7 200

.50 R PR
1 oo 13 00 16

EXHAUSTIVE: | |
1.00 -

N oINS
ot
w

no 1

3]
(6]
o
O

2.00

.25 sec 14 D VA 20

i 32 7 40 40

. . .50 14 17 - .20

SELF- = 0 - 13

TERMINATING : . T

S 1.00 - 7 17 20
| S0 13- . - 15

2.00

IR I TN TNy .o
——t
=
—
w
—
o1

6 13 14

qpssumes 16 data- bytes per TV Tine for an effect1ve data rate equa] to 241 ,920
bytes/second , , ,
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TABLE 4
OPTIMUM NUMBER OF ALTERNATIVES ON AN INDEX PAGE EOR BROADCAST
FELIDON WITH FULL-CHANNEL TRANSMISSION
AT A RATE OF 362,880 BYTES/SECOND
(ANALYSIS €)

USER SEARCH READING TIME AVERAGE NO. OF NO. OF PAGES IN DATA BASE
STRATEGY PER ALTERNATIVE PAGES PER DOCUMENT 5000 10000 15000
.25 sec 2 14 17 20

5 10 13 15

.50 2 7 17 20

EXHAUSTIVE 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

qpssumes 24 data-bytes per TV 1ine for an effective data rateu:equal to 362,880
bytes/second.
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TABLE 5 -
PREDICTED SEARCH TIMES FOR BROADCAST
TELIDON WITH FULL-CHANNEL TRANSMISSION
EFFECTIVE - DATA . PREDICTED PREDICTED SEARCH
DATA RATEZ  BASE SIZED = SEARCH TIMEC = TIMES (a# 10)d. -
241,920 5,000~ 30-91 33-9r
| 10,000 S4-135  65-135
15,000  81-173 - 97-173
362,880 5,000 2379 2= 79
10,000 41-113 . 47-113 . -
15,000 - 59-140 . 68-140

8Measured in bytes/second. The effective data rate is the
rate at which information is broadcast over a TV channel. It
equals the product of (a) BL, the number of data—bytes per TV
line, (b) 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 BLEZ
24, the effective data rate = 362,880 bytes/sec.

brhe total number of pages infthe data base including both
index and document pages. : : '

CMeasured in seconds. The search times presented represent . -
the range of optimal STs. :

dMeasured in seconds. The search times reportéd,represént 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 49 l
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l FIGURE 2b: Search Time As a Function of the Number of Alternatives Per Index Page ,; @
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.FIGURE 2d: Search Time As a Function of the Number of Alternatives Per Index Page 43
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Government Gouvernement

of Canada duCanada =~ MEMORANDUM  NOTE DE SERVICE
it ' ' secnmwl-cus‘syincmmN-DE séct_)nné,
Eric Lee : - ]
o OUR FILE ~ N/REFERENCE
] A
ﬂ TT]IK', o Qoun HLE-V/RéFEﬂ§NCE B
Bob FitzGerald e .
: o . , DATE ’ _ C
B " September-17, 1979

BROADCAST TELIDON‘WAITING TIMES (FULL-CHANNEL TRANSMISSiON)‘

As discussed this morning on the teiephbne’ here are some calculafions

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

Assumgtions' L ,
Full-channel transmission (NL = 252 usable TV 1ineé)»

No. of_deta—bytes per’TV line (BL) = 16, 20,.or'24"

~ Avg. no. of bytes per Yelidon page (Bp) = 600

- No. of pages in broadcast cycle (NP) > 80 to ensure that any ‘two lines
ffom one specific page are separated by at 1east 5 msec.
Effective data rate (fp) = BL X NL X 60

e.g. BL = 24 ' : ,

fp = 24 bytes . 252 lines . 60 fields _ 362880 bytes

line - field second _ second

CYCLE TIME (t,) = 600 X Np

p
e.g. NP 10000, to = 600 X 10000= 16.5 sec.
362880
or, alternatively,
Np = t. X fp
600
e. g. tc = 20 sec., NP = 20 X 362880 12096 pages (average)

600 ]
The first component of the waiting time t; is 0 < t1<t,

Average value of t; = t,
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Thus if t, = 20 sec, ti1 = 10 sec.

The second componenet of the waiting time tp 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

tyg = 2500 lines = ,165 sec.
252 lines/field X 60 Field/sec

Thus the total waiting time, using the assumptions listed above, will be

t = t; % tp = 10.165 sec.

It should be mentioned that the considerable difference between t; and t»

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.

AL

Bob FitzGerald
Image Communications

BFG/cb
cc: J.R. Storey
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N - APPENDIX
"FURTHER DISCUSSION OF THE DERIVATION OF EQUATION 3

A concrete example is présented below’to clarify.the derivation |
“and use of Equation 3 (see page 11 and 12);~_ConSider a'Smalljdata'base
containing 18 documents. These‘documentsvare3acceSSed through an index
tree consisting of 3v1evéls,_each indéx,page displaying 3'aiternatives. |
That is, d = 18, Py = 3, a= 3. This data baée ié displayed'ih-thef-’r
figure below. : Lo ' : L ‘

|
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All index or menu pages are represented by squares, the 18
documents by circles, and the possible paths through the tree by
solld lines. The triangles represent documents that could be added
to thls data base wlthout adding more alternatives/index page or

. adding more index pages. Dashed lines are used to comnect such

"potential” documents to the tree. Note that at least one of the

18 documents (circles) has been cormected 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
afber dropping the trlangles is presented below.




Note that index pages 6 through 9 access only a single
document (circle) 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 from level
2 of the tree as shown 1in the representation of the tree below '

) 226

H

Gr ap G Sy Su G5 G M Ay G Gy G5 P A AW Gy Gm Gy s



S WS GR W R DR OGN W WS G e W b wm WE UN Gm B @m

T 227

Note that 4 documents - 15 through 18 - are accessed directly
at level 3 of the tree. The average length of path, p , 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 #siused to camputer n , the number of documents
(circles) that are accessible at level By (level 3 in our example)
of the tree:

_ JPmo
n= a =~d
a~1

The numerator (apm - d) of this equation represents the number
of triangles (l.e. possible documents) while the demomimator 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,

23 _ 18
3-1

=}
]

= 4.5 =1
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 TELIDON

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 publio
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),



Figure 1: EXAMPLE
ILLUSTRATING PART OF THE
TELIDON TREE

First Index
or menu page

" General Interest guide
. Business guide
Canadian Government
Emergency
User's guide
. Telidon explanation
Telephone numbers

|

‘BusineSs Guide 3. Canadian’Government 4. Eneréenéy

SO B W N -
e s e . .

1. General Interest Guide 2. 5. User’§>guide 6. Telidon E&planation 1. Telephong numter

Second level}. Second levely *! 1. House of Commons Secohﬂ_‘eve] " Second level Second level Second level
many menu 2. Senate . menu menu menu menu
page page 3. Federal reports - page page . page .page

4. Provincial Gov't . ;
5. Municipal Gov't -
6. Canadian PM's

; I ; o ‘ .

. ¥ " ] . | ] . . - ) » : N .
1. House of Commons 2. Senate . 3. Federal reports 4. Provinci%l Gov'ts 5. Municiﬂa] Gov'ts 6. Canad1;% PM's
*1. mP's TRird Tevel Third level Third Tevel Third level Third level]

2. Liberals menu ‘menu . menu .. menu . menu’
3. PC's page " page page . . page page
4. NDP - :

‘1 5. Social credit
6. Other -

- i . -

- y ¥ T 4 R ¢ X DN |

1. MP's 2. Liberals - 3. PC's 4. NDP 5. Soq1a1 credit. . 6. Other
[T Fouse standings ] [documen] [docimert ] - [ocament]

2. -House seating plan’ ~ : ' o

1. House standings 2. House seat!ng pian

document document

cke
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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. 1In a "good" tree,
people should experience little difficulty in finding
the information they want. 1In 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 ;evels 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 thié 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

233



to evaluate any tree or hierarchical:organization_of

information.'

METHQD ,
' Subi

!

Ten barticipants, 6 from outside.thelDepartment of
Communications and 4 from within the Department,
participated in the'study;‘ Nohe_of ﬁherparticipénts

had ever seen or used Telidon before the”st@dy.
Task

At the time of this experiment, the Telidon
demonstration data baseé contained 900 different

"documents", Each document contained one kind of

information., (For example, a document could contain a

list of movies currently playing in Ottawa, or the

latest football scores, or realAestate,listings, Gﬁé&)‘

To obtain a representative sample of the kinds of
information that could be found on,Telidqn, 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

Jdesigned s0 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.

Example:

First menu page 1.¥General Interest
2. Business Guide
. Canadian Government
. Emergency

3
b
5. User's Guide
6. Telidon Explanation
7

. Telephone Number

Second menu page General Interest Guide

¥1, News, Weather and Sports
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2. Entebtainméht
3. Market Place
4. Employment

5. Travel

6. Advice

7. Leisure

. Education

9. Notice Board -

Third menu page  News, Weather. and Sports
1. News
2.%Jeather

3& SPOPtS

Fourth Menu page Weather
*1, Local
2. National

3. Special reports

Fifth menu page " Local

l. 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.

Each participant was given 16 search questions in a
different random order., To find the document in
question, each participant would choose items from
successlive 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

237
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recorded all the errors and reasons for their choices.
Each participant was shown a total ofr79 menu pages;

én average of about 5 menu pages per problem. At the
end of the session participants were told the'purpoée

of the study.

RESULTS_AND DISCUSSION

The“willingness of people to use Telidon will
undoubtedly depend on the ease with which they canil o
find information in the Telidon data base. To'fihd
information}on Telidoﬁ; people will have to make a
series of choices. Incorrect choices léad the
information seeker into the wrohg pant.of the
information bank, thereby increasing séaréh time as-
‘well as frustration. The more errors one makes,-the

more likely it is that one will not use Telidon.

The resuits of this experiment bonvey two kinds
of information: a) information about the’usef, that
is, about the kinds of problems that uSers‘encounter
when searching for information in the tree and b)
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.U4% (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 problems, 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 geheral, are going
to have difficulties in finding any information in

this experimental data bhase.

Explanations given by the pafticipants for each
error committed were valuable in understanding the
problems encountered in the search of iﬁformatioﬁ.

For example, some comments were that the first page
had titles that were too general and that the
information should be redistributed moré uniformly.

At the second level they indicated that there was some
overlap between some categories and'éome terms were -

judged ambiguous.,

Several wrong choices were often made on the same
menu pége before'the correet'oné was found. Of the
A79O ménunpage preséntations, the correct ehoicé.was
made on 679 of them and one or more wrong chpiees weré
made on 111 of the preseﬁtations. Therefdre, the |

probability of making the right choice when a ménu
page is presented is 679/790= .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 implicatlions for larpger 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
willl probably experience even greater difficulties in
finding information. 1In a 15-~level data base, for
example, choices must be made on 15 different menu
pages before correct information cén be found. 1In
contrast, only 5 correct decisions in a row (i.e. 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 n.
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 (i.e. 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



2h2

a tree levels. This is probably & higher error rate

than most people would tolerate.

Although these results point out £héﬁéefiousness'
of the problem of finding'information'ih a_Telidon
daté base, they do not imply that people%will
éxperienée sérious difficulties finding information on
all trees (i.e. hierarchical organizations of mehu .
pages). In fact, the prbbleﬁs identified in the -
information bank could be solved by changing just Siof
the menu pages (o&er 80% of all erforsZOCCurréd on ‘
just 6 pages) on the first two levels of the tree.
Incorrect choices are made either because the
information has been classified under theIWfbﬁg"
heading (i.e. index term) in-the menu pages, or the
index term itself is ambiguous. In eithér case, thé_
tree can be modified in a way that eliminates most of
these incorrect choices. Further research is
currently being carried out to show how iﬁformation
providers‘Can'détect 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 undéubtedly

increase the appeal of Telidon.







