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Web Design for Instruction:
Research-Based Guidelines

Bonnie Skadid

“Web Dedgn for Ingruction” is a web dte that intro-
duces novice web designers to some of the principles in-
volved in design and navigation of ingructiond web gStes.
This aticle discusses the process involved in desgning the
gte, the lessons leamed while developing it, and some
recommendations for further research. It also includes alist
of research-based guiddines derived from the literature in
the areas of screen design, multimedia, human-computer
interface design, and usability testing.

« Web design for Indruction » et un Ste web qui initie
les apprentis créateurs de sites web aux principes qui sous
tendent la conception et la navigation sur les Stes web
degtinés a I’ apprentissage. Cet article traite du processus
utilisé dans la conception d'un Ste, des enseignements tirés
de I’éaboration de tels dtes, et de certaines
recommandations pour |a poursuite des recherches. Il
comporte égaement une liste des principes tirés des éudes
dga effectuées en matiere de conception de formats
d'images, de crégtion d'interfaces ére humain-ordinateur et
de tests d' utilisation.

Canadian Journa of Educational Communication, Vol. 27, No. 3, Pages 139-155
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The Project

“Web Design for Indruction” is a web ste that introduces people with-
out a background in graphic design to some of the principles involved in
desgn and navigation of ingructiond web dtes. The Ste was developed as
part of a Magter's project in Educationd Technology and contains the
following topics. design theory, research-based recommendations about Site
design, page design, and multimedia: a section with links to teacher re-
sources, a summary of research-based guiddines for the design of ingruc-
tional web gtes as wdl as recommendations from a survey of practicing
web designers. This web site can be found at http://www.usask.ca/educa-
tion/coursework/skaalid/.

Why this Site was Developed

This web site was developed as a learning resource to provide access to
information about desgning indructional web Stes. Although there are
many resources available on the web for beginning web designers, searches
of the web have not found many online resources that discuss research-
based findings about screen design and usability. There are books and
articles avalable on these topics, but these are scattered and difficult to find.
| have never located a web Site that addresses either the theoretical concepts
of graphic design or gestdt perception. Findly, dthough many stes give
recommendations concerning web design, few are based on explicit re-
search (Boling, Bichdmeyer, Squire and Kirkley, 1997). My objective was
to design a resource that pulled together dl the rdevant information needed
to desgn an effective indructiond Ste.

The Process

| examined two different models for the information design process.
One modd is taken from the book Interactivity by Dedgn (Kritof &
Satran, 1995) while the other model comes from Web Navigation: Desgn-
ing the User Experience (Fleming, 1998).

Comparison of the Two Models

Fleming's model is considered a development cycle for web sites and
conssts of 6 phases:

Phase 1. Information gathering - This phase consists of collecting
background information such as resources available, goals for the site and
the target audience. (corresponds to Part | : Information Design in the
other model)
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In this project, the resources were collected for the most part during an
independent study project on design. While maintaining and revamping a
large, complex web site for the College of Education, | collected informa:
tion about web design, navigation, and usability. The find objective of this
project was to summarize and present dl the information paingtakingly
gathered in order to make it available to others dso involved in web de-
ggn. | dso fdt that teachers might find this information useful, Snce many
of them were in the process of developing Stes to present information, or
having students develop Stes to publish their knowledge about a topic.

Phase 2. Strategy - The focus is on defining an approach through
brainstorming and problem-solving, identifying any problems which may
occur during development.

This dement was minimd in the project. Various potentid problems
were discussed at the preliminary oral conference which were considered
throughout development. One problem which was discussed and ill
needs to be consdered regularly is the problem of broken links. Broken
links occur when pages of information are moved or deleted from another
gte. If a gte contains links to these missng or deleted pages, then the user
will be given an eror message to that effect. Strategies for deding with this
problem include trying to make a web dSte as self-contained as possible, and
usng specid link-checking software which informs the web designer when
alink is broken. At that time, the designer can choose to remove the link or
find a subdtitute link which illustrates the same concept.

Phase 3. Prototyping - In this phase, the designer creates a rough plan
for the site and considers navigational issues. Prototypes may include
paper mockups, storyboards, hypercard  stacks or rough web stes. (corre-
sponds to Part 2 & 3 in the other model)

During this phase, the top leved navigation pages were designed in
order to test usability and navigation. With my limited art skills, it was just
as easy for me to use Claris Home Page to design the pages as it was to
design storyboards or paper mockups! At the same time, colors, fonts and
grid layouts were developed to create a certain “look and fed” for the site,
A number of prototype navigation designs were produced and tested using
formative evauation. After severd iterations and some new menu catego-
ries, a fina navigation scheme was adopted (Figure 1, next page) which
seemed to be logicd and less confusing to use.
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| Site Design
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Figure 1.

Phase 4: Implementation - Use the results from the formative evalua-
tion (phase 3) to build the site.

In this case, prototyping and implementation were often happening at
the same time. Once the look and feel was finalized, it was just a matter of

cutting and pasting the existing text onto template pages in order to com-
plete the site.

Phase 5 & 6: Launch, Maintenance & Growth - Launch is the
period just before and after the web site goes online during which extensive
testing is carried out to ensure consistency, compatibility and stability.
Launch is also the time when the site is advertised or linked so that people
can find it. Maintenance and growth addresses the need to keep the site
current and accurate and to ensure that all links still work.

Pages were uploaded and tested throughout the implementation period
so there was not a single significant testing period during the launch. In
order to ensure that people could find the site, a link was created from the
College of Education Student Produced Resources section to this site.

As well, the site was submitted to a number of search engines for catalogu-
ing.

Resources are still added to the site if they are found to be relevant, and
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links are checked once a month to ensure they are still working. If a link
has expired, it will be removed from the Ste. Periodic Ste revisons are o

anecessary evil in web dte design to ensure people come back to a Site
more than once.

Design Considerations

The dte was designed with multiple pathways through the data depend-
ing on the user’s background and interests. Navigation was completely
within the user’s control at dl times. The preliminary Theory section was
included to scaffold web designers without a background in graphic design,
gestdt theory, or human-computer interface theory. The sections on Site
Design, Page Desgn, and Multimedia were designed to present
based guiddines that might be used to design more effective ingructiona
web dtes. The Teacher Resource section was designed as a jumping-off
point for the actud design of web sStes. To this end, the section is filled
with links to page templates, web creation tutorias, resources for web
design such as graphics, sounds and video, and links to other exemplary
educationd Sites.

The Ste was desgned in a hierarchicad manner with the top leve navi-
gation page desgned to dlow access to dmogt every page in the Ste. This
gives new users an overview of the entire ste when they first enter while
aso giving repeat users quick access to any section. The home page dso
contains three links not found on any other pages. One link leads to an
orientation page for new users which discusses what the Ste was designed
to do, as well as what it will not do. The orientation page aso provides a
key for any symbols used as well as an in-depth discussion about each one
of the topics in the gte. A second link leads to a specid summary page
which gives an overview of dl the research findings for users who just
want the fina results. A third link discusses the findings from a survey of
web designers.

Web Navigation, Fleming (1998) poses a number of questions which
users of learning Stes will often ask. One of Heming's questions that | fdt
was important to address was. “How do | know what you say is true?’
Many tutorids on web design give advice about the way things should
look, or the way navigation should work, but few actudly provide informa
tion about the reasons supporting that advice. Advice may appear to have
the same credibility whether it is given by a person who has been designing
for two weeks, or by Jakob Nielsen PhD., a Sun Systems engineer who has
conducted years of usability tests to determine effective navigation Strate-
gies. This web Ste was designed to show that information was based on
research data, not just the “folk” wisdom which is prevdent on the web.
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Therefore, in this site, you can pursue links back to the original documents
or web pages where the research is discussed.

As much as possible, the research recommendations listed in the site
were modelled within the site. Graphics were only used when they were
needed for explanation of a concept. Navigation elements were located at
the side for ease of use and repeated at the bottom. Colored borders and
boxes were used to enhance the page and create balance but were limited to
the non-text areas so that readability of the text was never affected. Navi-
gation labels were text-based to ensure the pages loaded very quickly. Page
location was indicated inside the navigation boxes by changing the current
page to a different color and eliminating its link. Feedback was provided
inside the bottom navigation box by changing the color of visited links so
that users would know which links they had already seen. (Figure 2)

Theory:[Classic Graphic Design Theony) [Gestalt Theory of Perception] [Human Computer Interface Design]
Main Level: [Home Page] [Design Theon](Site Desion] [Page Design] [MultiMedial [Teacher Resoutces) [Table
of Contents]

Theory:[Classic Graphic Design Theony] [Gestalt Thaon of Peroeption] (Human Computer Intertace Design)
Main Leve!: [Home Page] (Design Theon](Site Desion] Page Desion] (MultiMedial (Tsacher Resources] (Table

Figure 2

Summary of Research-Based Guidelines

This summary lists the research recommendations found within each
of the research-based sections of the web site. In many cases, the research
recommendations are in the author’s own words. Although all of these
guidelines are based on research, not all the research was conducted specifi-
cally for the web. Some of the guidelines come from studies of Computer
Assisted Instruction (CAI) or multimedia.

Design Theory

Guidelines from human-computer interface design research:

1.Recognize Diversity

+ make your main navigation area fast loading for repeat users

* provide a detailed explanation of your topics, symbols, and naviga-
tion options for new users (FAQ or introduction page)

» provide a text index for quick access to all pages of the site

* ensure your pages are readable in many formats, to accommodate
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users who are blind or desf, users with old versons of browsers, lynx
users, users on dow modems or those with graphics turned off

2. Strive for consgtency in:

menus

help screens

color

layout

capitalization

fonts

sequences of actions

3. Offer informative feedback - rollover buttons, sounds when clicked.

4. Build in error prevention in online forms.

5. Give users control as much as possible.

6. Reduce short term memory load by providing menus, buttons or
icons. If you use icons, make sure you have a section which explains what
they mean. Make things obvious by using condraints grayed out items in
menus for options not available in that page.

7. Make use of web conventions such as underlined links, color change
in links for visted pages, common terminology.

8. Provide a conceptua model of your dite usng a Site map or an index.

(Shneidetman, 1998; Norman, 1988)

Site Design

Guidelines for Hypertext Creation

1. Know users and their tasks.

2. Ensure that meaningful structure comes firg.

3. Apply diverse sills (by including information specidigts, content
specidists and technologists on the project team).

4. Respect chunking. Organize information into chunks that ded with
one topic, theme or idea.

5. Show interrdationships (by using links to related articles).

6. Ensure amplicity in traversad. Desgn the link sructure so that naviga:

tion is ample and congstent throughout the system.
7. Desgn each screen carefully, providing on-screen prompts such as
icons or menus. (Shneiderman, 1998)

Guiddinesfor Metaphor:
[.LA useful metgphor will help users navigate your ste. Good examples

of metaphor include shopping sites based on the idea of paper catdogs and
the hypercard card index that looked just like a Rolodex. (Davis & Merritt,
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1998, Bielenberg, 1993)

Guidelines for Web Site Categorization:

1. Boling, Bichemeyer, Squire and Kirkley (1997) identified seven
profiles for web dtes based on a matrix of high information, high motiva-
tion to low information, low moativation. A quick summary of ther profiles
are as follows:

Profile 1. No Expectations - very low need to motivate users or ddliver
content - eg. persond home pages

Profile 2: All Motivation - high need to motivate usersto view Ste - eg.
promotiond commercid Stes

Profile 3: All Content - high need to deliver content where Ste may be
the only provider of this information or users are highly motivated to use
Site dready- e.g. search engines or research results

Profile 4: High Motivation - aneed to provide some content along with
moativating factors, a same time users mugt be able to distinguish between
content and glitz

Profile 5: High Content - need for content outweighs the need for high
motivationd factors but an attractive Ste is necessary - eg. government
agencies, univergties

Profile 6: Mixed Elements & Profile 7: Great Expectations - “in both
these profiles the need to deliver specific content and the need to motivate
users to a specific response are highly interdependent and interrdlated” -
e.g. commercid catalogue Stes, Stes devoted to charitable or politica
causes, or educationa Sites

Guidelines for Navigation:

Structure

1. Hierarchicd menus are useful for sraightforward searching tasks, but
the additiond darification avalable from embedded, contextud menus will
ad complex search tasks. Therefore, designing menus to be more verbose,
or adding information in the form of textud indexes with darification will
help users to be more successful in finding what they are looking for (La &
Waugh, 1995; Lynch & Horton, 1997).
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Orientation

1. It is very important to include Ste information on every page of a Ste.
It is dso essentid to include links to the loca home page on every page to
accommodate users who jump into your Ste. Links to other pagesin a
sequence are o useful.

2. Categorization of information into menus is a very difficult process as
well as one which needs careful atention. Menu items need to be unique,
non-overlapping and familiar. It is better, when designing a dructure, to
have breadth over depth (fewer long menus as opposed to many shorter
menus).

3. Orienting devices such as textua indexes, guided tours or overview
diagrams are useful to keep users from becoming disoriented in a Site.

4. Navigation information is eesest to use if located in a Smilar location
on every page of a gte. This helps because the user knows where things are
located from page to page. (Baasubramanian, 1993; Instone, 1997; Lynch
& Horton, 1997; Nielsen, Nov. 1997; Rosenfeld, 1997; Shneidetman,

1998; Spool, 1999)

Guidelines from Usability Research (Jakob Nielsen)

1. Most users don't read, they scan for information.

2. The author’s personality makes a Site more attractive.

3. Web users are impatient, they don’t want to be dowed down by cool
features or salf-promotion.

4. Search capability is very important.

5. Download factors are critical.

is dmog aways annoying.

7. Frames are didiked.

8. Wild backgrounds disrupt reading.

9. Although more users are scralling (pages no longer than 3 screens are
recommended), many ill don't go beyond the first screen.

10. Image maps are more usable now, especidly if they are broken up
into smaller sections that load more quickly than one large graphic.

11. Users want sites to work and are no longer tolerant of those that
don't.

(Nielsen, Dec. 1997).



148 CJEC

Page Design

Guidelines for Multimedia and Web Page Design

1. Keep the design principles of smplicity, consastency, clarity, ba-
ance, harmony & unity in mind when designing web stes (Schwier, &
Misanchuk, 1993; Anglin, Towers & Levie, 1996; Norman, 1988; Mull€,
& Sano, 1995).

Guidelines for Screen Design

1. Grid: Use a grid to design pages. Map out where your navigation
elements will be located and be consistent from page to page with this
layout (Lynch & Horton, 1997)

2. Screen Densty: Although results concerning screen dendity are
conflicting, it appears from recent research that screens with too much
white space are confusing (Hooper & Hannafin, 1986; Morrison, Ross,
Schultz, & O'Dell, 1989; Ross, Morrison, & Schultz 1994; Spool, 1998).

3.Fonts If possble, use fonts designed for the web such as Georgia or
Verdana since they are easier to read - use ragged right judtification on the
screen as it is easer to read (Misanchuk, Schwier, & Boling, 2000).

4. Buttons, boxes and menus: Buttons, radio buttons, check boxes and
menus should look like something you would normdly press, click, put xX's
in, or pull down. HTML includes specid routines which draw radio but-
tons, check boxes, and pull down menus for you. The design of buttons is a
bit trickier, Snce you have to draw your own graphic and make it look like
a button (bevelled edges give the 3D effect which makes a graphic look
like something you would press). Give the user some feedback that execu-
tion is occurring after a button is pressed. This was much harder in the padt,
but with the addition of Javascript to the newer web browsers, icons will
flash or change color when pressed, giving the user the sense that some-
thing may happen (Shneidetman, 1998; Norman, 1988).

5. Use of Icons:

- represent the object or action in a familiar and recognizable manner

- limit the number of different icons

- make the icon stand out from its background

- consder three dimensiond icons, they are eye-catching but aso can
be didracting

- enaure that a Sngle sdected icon is clearly visble when surrounded
by unsdected icons

- make each icon digtinctive from every other icon

- enaure the harmoniousness of each icon as a member of a family of
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icons

(Horton, 1994; Shneiderman, 1998)

6. Use of color:

- desgn consarvatively, possibly sarting with black and white, and
consider older or color-blind users

- do not make color the only way to discriminate between choices
use color to add redlity
use color to discriminate between dements of a visud
use color to focus attention on relevant cues
use colors to code and link logicaly related eements

- be consgent in generd color choices throughout materids

- use colors such as highly saturated red and violet to attract attention
and to create an emotiona response

- use highly saturated colors for materias intended for young children

- consder commonly accepted color meanings i.e. red and yellow are
warm, green and blue are cool, red means stop, green means go, €ic.

- when producing materids for persons from varied cultures consder
the meanings they dtribute to colors

(Misanchuk, Schwier, & Boling, 2000; Murch, 1995; Pett, & Wilson,
1996)

Guidelines for Screen Resolution and Size

1. Design for the smdlest standard screen which is:

- Macintosh size (Macintosh screen area is smdler than Wintd ma
chines) 595 pixes wide by 295 pixels high

- 14 inch monitor (640 x 480 pixel areq)

- 256 colors

2. Start your design in black and white to ensure readability for per-
sons with color deficiency.

3. Include ALT tags on dl image files to ensure that people using text-
only browsers or specid readers (i.e. blind or sght deficient users) are il
able to access the information provided in your pages.

(Misanchuk, Schwier, & Boling, 2000; Lynch & Horton, 1997)

Guidelines for Writing Style

1. Users like summaries and the inverted pyramid style used by journd-
where the most important information is presented firgt in an article.

2. Users appreciate headings which help them to scan and locate the
information they are interested in.

3. Users do not appreciate flowery or “marketesg” writing and want
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web pages to be concise.
4. Smple and informd writing is preferred over forma writing Syle.
(Morkes, & Nidsen, (1997)

MultiMedia

Guiddines for Multimedia

1. Be careful that you don't overload your communication processing
channds by sending informeation in more than one way a the same time
(listening to words and trying to read text a the same time causes interfer-
ence) (Moore, Burton, & Myers, 1996).

2. Guiddines for usng grgphics and pictures

- illustrated visuds used in the context of learning to read are not very
hepful

- illudrated visuds that contain text-redundant information can facili-
tate learning

- illugtrated visuals that are not text-redundant neither help nor hinder
learning

- illugtration variables (cueing) such as Sze, page podtion, style, color,
and degree of redism may direct atention but may not act as a sgnificant
ad in leaning

- there is a curvilinear relationship between the degree of redism in
illugrations and the subsequent learning that takes place (Anglin, Towers,
and Levie, 1996)

- visuds that complement the text information being presented in-
crease the likelihood for retention of that information, but visuds which
are not related to the text have no effect on retention. When bandwidth is
a problem, gratuitous visuas would seem to be unecessary in page
desgn (Misanchuk, Schwier, & Baling, 2000)

3. Guiddines for usgng animation

Appropriate uses for animation include:

- showing continuity in trangtions - proving the Pythagorean theorem
by animating the movement of various squares and triangles as they move
around to demondirate that two aress are the same size

- indicaing dimendondity in trangtions - animaed arrows pointing
left and right can indicate movement forward and back, zooming boxes
can indicate one screen was enlarged from another

- illugrating change over time - showing populaion change by fading
from one densty map to the next over time

- multiplexing the display - showing more than one piece of informa
tion in the same location  i.e, buttons which change color when the
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mouse rolls over them, help labels which appear when the cursor is on
top, menus which pull down when you hold the mouse down

- enriching graphicd representations - animated icons can give a better
undergtanding of the function of the icon - i.e. an eraser icon which erases
pixels to explan its function

Do not use animations that continue endlessy - they irritate users -
Never use the Blink command

(Nielsen, Dec. 1995, Nielsen, Dec. 1997)

Guidelines for video, sound and response time

1. Due to redtrictions in bandwidth, video is not recommended. If used:

- include information about its Size so that users can decide whether or
not they want to wait (Nielsen, Dec. 1995)

- never incorporate the automatic downloading of a video into the
loading of a page

2. If audio is incorporated in your Site, make sure it is the highest qudity
you can produce (Reeves, & Nass, 1996)

-audio can be usad to give help or directions without obscuring the
screen

3. Currently, the minimum god for regponse times should be to get
pages to users in no more than ten seconds, since that's the limit of people's
ability to keep their atention focused while waiting.... speed must be the
overriding design criterion. To keep page szes smdl, graphics should be
kept to a minimum and multimedia effects should only be used when they
truly add to the user’s understanding of the information (Nidsen, Mar.
1997)

Recommendations

The section on guiddines identified a myriad of dements to consder in
web design. Although | think dl these guidelines should be considered in
web design, after reading the recommendations from my intengve inter-
views and the web survey questionnaires, as well as reflecting on my
experience with designing web stes, | have chosen to highlight severd
guiddlines that | fed are the most important when designing a Ste.

1. Carry out formétive evauation designed to dicit ideas about
zation very early, before much time and effort is expended on aesthetic
consderations. It is very important that you have a find verson of your
main categories very early on in ste desgn. If you have to move blocks of
pages from category to category, this will necesstate a large amount of
relinking (which introduces the likelihood of misplaced links). User testing
to determine problems in terminology and misunderstandings about naviga
tion must be done very early on.
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2. Although page creation programs are very good, they al have their
limitations. Ensure that you are somewha familiar with HTML coding so
you can look at source code and understand what is going on. Some
activities can only be done by writing HTML code.

3. It is important to consder users who may be handicapped, or who use
Lynx browsers, or who surf with graphics turned off.

4. Make sure that you test your web site often to ensure that links are
working. Online programs like Netmechanic can go through your ste and
report back on links that aren’t working.

5. Since download time is such a critica factor for many users, use the
minimaist approach to design. Do not use graphics or animations unless
there is a pedagogica reason for their use.

Research Quedions

With the exception of usability studies, most of the research-based
guidelines identified in this project were not web-based but were derived
from studies of indructiond software and multimedia Although studies of
usability have provided vauable ingghts into the navigationd design of a
web dte, many other questions specific to web design remain to be an-
swered. In the process of collecting the guiddines and developing my own
web gtes, the following questions emerged as ones for which | would like
to see research carried out.

1. What are the ements which should be present in an ingructiona
gte? Is there a certain way in which stes should be designed when used
for indruction? Are there differences in the way a ste should be structured
for younger versus older learners?

2. What about the traditiona design issues of line length, page dengty,
and choice of fonts? Are there optima choices for these ements in terms
of making web indruction more effective?

3. Which multi-media modes can be combined and which should be
avoided in combination with each other in order to optimize learning?

4. What are the dements which combine to make the most effective
indructiona web dte? For example: |s interactivity the most important
eement in effective web indruction? What about aesthetics? Incluson of
graphics, videos, and sound?

5. What about the use of metaphor? Does it help or hinder when navi-
gaing a web gte?

Any studies addressing these research questions must consider the
context within which the research takes place. It is meaningless to discuss
elements such as optima font sze, for example, without aso discussing
screen resolution, font color or type, what brand of computer is used, what
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age group is tested and a myriad of other factors which impinge upon the
outcome. Smilarly, identification of factors which lead to successful web
indruction should consder the learning contexts, the preferences and
characterigtics of individud learners, and the nature of the learning tasks
when studies are devised.

Conclusion

Web design is a very exciting process to be involved with - you can
Cregte a Ste that is interesting and visudly simulating as wel as reflective
of your own cregtivity. At the same time, it is necessary to temper cregtivity
with the knowledge of what an effective, pedagogicaly sound web site
needsto look like. My hopeisthat this Siteis a small beginning towards
accumulaing thet knowledge.
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A “High-Wired” Balancing Act: Technological
Change and Public Education in Canada @

Marita Moll
Heather-jane Robertson

This paper explores the impact of new technologies on
public education. It looks specificdly at Bill Gates predic-
tion that new technologies will “dter the focus of education
from the inditution to the individua.” Such a change, the
authors suggest, would significantly redtrict the “public’
element of public education. It would erode society’s ability
to spread the costs of education among dl its citizens. It
would further dilute the respongibilities of private interests
for training and retraining their employees as they retool to
retain and/or increase market share. These changes, it is
suggested, further the interests of mobile capita in the
globaized economy rather than the needs of students in their
clasyooms or communities.

Ce travall é@udie I'effet des nouveles technologies sur
I’éducetion publique. De facon plus précise, il porte sur la
prédiction de Bill Gates, sdon laguelle les nouvelles tech-
nologies vont "modifier le centre de I’éducation, qui va
passer des indtitutions a la personne’. L’ auteur laisse croire
gu'un te changement limitera de fagcon sensible la dimension
"publique’ de I’éducation publique. Il diluera encore
davantage les responsabilités des intéréts privés en maiere
de formation et de perfectionnement de leurs employés, au
fur et @ mesure qu'ils se réoutillent, dans le but de conserver
leur marché et/ou d’ augmenter leur part de marché. Ces
changements, laisse-t-on entendre, favorisent les intéréts du
cgpita mohile au sein de I’économie globde, plutdt que les
besoins des déves dans leurs classes ou au sein de leurs
communautes.

(1)This is an edited and updated version of Moll, Marita and Heather-Jane Robertson. (1997).

wash from the technologica wave; Critical perspectives on the impact of information technology on
public education,” a paper presented a Memoria University, St. John's, Newfoundland, June 12
(unpublished).
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Propdled by the media, politicians, and promoters of new technologies,
the agenda to connect everything in sght to the Internet, including toadters,
Coke machines and computer notebook-toting students seems unstoppable.
In his book, The Road Ahead, Microsoft mogul Bill Gates provides an
excelent example of the technological optimism that dominates our culture:

I've dready sad | am an optimist, and | am optimis-
tic about the impact of new technology. It will
enhance leisure time and enrich culture by expand-
ing the didribution of information. It will hdp
relieve pressures on urban areas by enabling indi-
viduas to work from home or remote-gite offices. It
will relieve pressure on natura resources because
increasing numbers of products will be able to take
the form of bits rather than of manufactured goods.
It will give us more control over our lives and dlow
experiences and products to be custom tailored to
our interests. Citizens of the information society will
enjoy new opportunities for productivity, leaming
and entertainment. Countries that move boldly and
in concert with each other will enjoy economic
rewards. Whole new markets will emerge, and a
myriad of new opportunities for employment will be
created (1995, p. 250).

Tuming to education, Gates offers arainbow vison of the use of com-
puters in the classroom, jumping from vignette to vignette as to how indi-
vidud classrooms have used the Internet to invigorate, motivate, excite
(presumably) bored students and energize (presumably) tired teachers.
There is no research offered to support the inference that computers in
classrooms create happier, hedthier, and smarter students. Gates surfs over
the idea that there are mgjor costs involved in cregting techno-centric class-
rooms, costs that are both financid and socid. “Whatever problems direct
access to information may cause, the benefits it will bring will more than
compensate” (1995, p. 204), he assures us. Pausing to remember that Gates
the futurist and Gates the public relations frontman for Microsoft are one
and the same, it should be noted that eectronic delivery of educationd
sarvices is a key Microsoft business strategy. The potentia benefits to
Microsoft are substantia if we confuse the prediction with the propaganda.

Gates educationa vison implies that, “All you have to do is click” to
arrive a the educational outcome of your choice; furthermore, it will be just
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as easy to “undo” when things begin to go wrong. “Frankly, I'm not too
concerned about the world whiling away its hours on the information
highway,” Gates writes. “At wordt, 1 expect, it will be like playing video
games or gambling. Support groups will convene to help abusers who
want to modify their behaviour” (1995, p. 264). Presumably, these oppor-
tunities, too, will be accessed through the Microsoft network.

The easy promises of power brokers like Gates carry much weight in
a society seeking ingtant answers to complex socid problems. This paper
explores the solutions proposed by Gates and other techno-promoters to the
“problem” of schools. It consders Gates contention that, “The [informa
tion] highway will ater the focus of education from the inditution to the
individud. The ultimate god will be changed from getting a diploma to
enjoying lifdong leaming.” Paradoxicdly, technology is the shift, while at
the same time it makes the shift possible (1995, p. 204). What are the
resulting costs to the individual and to society? Who will benefit? Or, in
the words of technology critic Neil Postman, “What is the problem to
which this is the solution? And whose problem is it?’ (1997).

The Internet - “ Cause Célébre” of the 1990's

The Internet was certainly the centrepiece of technologica change at
the end of the 20th Century. Developed with public funds in the 1960's as
an experimenta network to support research and development (Rheingold,
1993), it was rapidly privatized in the 1990's as its commercid vaue be-
came apparent (McChesney, 1999). Where commerciadlisn was once
shunned as contrary to network “ethics” commercid interests are now
embraced enthusadticdly. The Internet is suddenly the hot advertising
medium of the new millennium. Its interactive features seem tailor-made to
entice, cgole and manipulate well beyond the boundaries of the traditiona
advertiang spaces, ready to plug directly into the personal data stream of a
new generation of consumers.

The shift was a well-planned exercise in convergence. The United
States Telecommunications  Act of 1996 offered a new legd framework and
more opportunities for mega-mediasmerger-mania Many media watchers
foresaw the conseguences. Canadian media activist Jesse Hirsh wamed,
“The Internet will consume dl media until it becomes the information
superhighway media monopoly brought to you by AT&T. The Internet is
the ultimate red herring, the dazzling distraction that abducts our attention
while power plays with totality” (Hirsh, 1996). Gates, however, has
sured the public that they have no cause for worry. The dedls, he wrote, are
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“just background noise; they keep rumbling aong whether or not anyone is
ligening” (1995, p. 248). Gates was certainly rumbling dong, aggressvey
acquiring rights to valuable digita content. “Bill Gates said to himsaf, ‘As
long as 1 own the information highway, 1 might as well own the trucks on

it, too’ ” mused Claudio De Polo, presdent of the Fratelli Alinari Archive, a
collection of 15 million historic photos (as quoted in Clark, 1996). Gates
privately owned Corbis Corporation had just bought up the rights to
500,000 digital images, representing a treasure of historic and cultural
imegery.

Seeking to add digital school buses to his flegt, Gates keeps his eye on
worldwide developments in the dectronic ddivery of educational services.
“It's very exciting to see what's going on here in Canada in a number of
aress... SchoolNet... is the leading program in the world in terms of letting
kids get out and use computers,” observed Gates (as quoted in Industry
Canada, 1996, p.23) while in Ottawa on his Windows ‘95 tour. His com-
ments on SchoolNet, the Industry Canada on-line service for schools, were
featured in the Liberd “Red Book,” a policy strategy document produced
by the Liberal party whenever an election is underway. Such a prominent
supporter makes excdlent politica collaterd.Provinces are following
closdly behind. New Brunswick formed a partnership with Microsoft
Canada to st up an interactive “virtua campus’ usng Microsoft On-line
Ingtitute (MOLLI), an “interactive leaming and information resource” acces-
gble on the Internet through the Microsoft Network. “It virtudly tums a
computer into a world-class campus’ boasted a press release from the New
Brunswick Department of Economie Development and Tourism (“New
Brunswick company offers courses,” 1997). On this virtud campus, every-
one from kindergarten pupils to corporate employees can take courses from
anywhere, a any time, 24 hours per day. Microsoft’s technica experts
have been contracted to train New Brunswick content providers on the use
of Microsoft software. Microsoft will charge the province for running the
network; students will be charged a fee for courses they take.

Former New Brunswick Premier Frank McKenna hoped this would
enable the province to develop courses for export to countries around the
world, with New Brunswick seizing the opportunity to become a “world-
class’ educationd cal centre. Whether McKenna's dream materidizes or
not, clearly Gates has managed to export his dream to both politicians and
marketers. It is easy to imagine an educationa future centring around the
customized delivery of homogenized services. “McSoft” education could
do it dl for the new generaion of plugged-in leamers.
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Asssted by politicians and promoted by powerful information technol-
ogy indudtries, the future of education has become inextricably bound to the
Internet, this “dazzling digtraction.” It has assumed a centrd role in educa
tion reform agendas around the world. Between 1994 and 1996, Japan
declared its intention to ingtal 900,000 network-equipped PCs in schools
by the year 2000; Germany announced a three-year “ Schools on the Net-
work” project; Denmark vowed to put al schools on-line by the year 2000;
Finland egtablished an “Education, training and research in the information
society” drategy; and the UK initiated a “Superhighway in education” plan
(“Europe Union,” 1996). The demands of globdization - deregulation to
enable free trade - help explain this unprecedented convergence in educa
tiond planning. Canadian govemments have ether bought in or caved in,
depending on who is describing the gppetites of globdization. “The role of
govemment is to reduce the impediments that reduce competitiveness and
thus add value,” trade minister Sergio Marchi told an education marketing
conference (Robertson, 1998, pp. 12- 13). The origins of the current de-
regulation mania in the communications industry should not be logt to
Canadians. In his 1989 andyss of the effects of corporate growth on
American public policy, U.S. communications expert Herbert Schiller noted
that “in tracing the main lines and identifying the key players in the deregu-
lation of American communications, one point needs special emphass.
What began as a[U.S)] domestic restructuring for internal economic rea-
sons has had global impact” (Schiller, 1989, p. 113).

Towards Deregulation

In January 1994, U.S. vice-presdent Al Gore issued a “chalenge’ to
industry leaders to connect all American schools, hospitas and libraries to
the information highway by the year 2000. Yet this speech was not about
schools, hospitals or libraries. It was about competition between the tel-
ephone and cable industries and about the Clinton administration’s  intention
to “clear from the road the wreckage of outdated regulations and alow a
free-flowing traffic of ideas and commerce for the benefit of dl Americans’
(White House, 1994). Bill Gates couldn’t have sad it better. American-
based communications and information industries dreamed of an ever-
widening dissemination of ther products through an information highway
as ubiquitous as the televison st, but now ready to take orders for every-
thing from blue chip stocks to running shoes. The dtrategically-placed
chdlenge stisfied the political requirement for the gppearance of public
benefit, but the objective was clearly the deregulaion of the communica
tions industry to strengthen the position of U.S-based interests in glo-



162 CJEC

baized markets, not the improvement of education.

At the same time, Industry Canada s Science Promotion Directorate
launched its SchoolNet program to provide Canadian students and teachers
with “exciting eectronic services that would develop and simulate the
skills needed in the knowledge society” (Industry Canada, 1996, p. 22).
Since very few schools had even heard of such eectronic services at that
time, let alone tried to connect to them, the firgt task for SchoolNet was to
promote eectronic connections in Canadian eementary and secondary
schoals. As it did in the U.S,, the education initiative helped to divert
Canadians from the critical examination of public interest issues. There
was little debate about the possible loss of sovereignty imbedded in the
deregulation demands of the communications indusiry, and little concern
that Canadians might forfeit any ability to manage ther communications
environment - the key dtrategic resource of the 21t century. (2)

Government public relations machines went into overdrive pushing the
impending communications revolution into the classoom. The rhetoric
mixed the carrot with the stick. “The contest for markets in the 21st Century
is being fought right now in the classsooms of the world!” said Industry
Minister John Manley promoting the need to have more technology in the
classroom (as quoted in ITAC, 1994). The federd Information Highway
Advisory Council (IHAC), a blue ribbon policy advisory panel appointed
by Industry Canada, claimed that usng the new technologies in the class-
room would result in an immediae reduction in the high school drop-out
rate and subsequent savings in the order of $26 billion by the year 2000
(IHAC, 1995). No supporting information was offered to back up this
agonishing satement. A recommendation from Phase Il of the IHAC
process strongly endorsed full Internet access for al schools and identified
the private sector as a key player in redizing that goa (IHAC, 1997, p. 52).
Should the private sector be relied upon to provide fundamenta resources
for a supposedly publicly funded ingtitution? Such discussons would have
to find other fora This parade was carefully shrink-wrapped and rain-
proofed well before being placed on public review.

Globdization causes (or creates an excuse for) “disntermediation,” a
post-modern coinage that means politica power gravitates rapidly to either
globa or locd entities. Intermediate levels of government, bureaucraties,
and corporations scramble to redefine themsalves or face forced restructur-

For a more in-depth discussion of the connection between telecommunications deregulation and
policy objective to connect al schools to the Internet see: Moll, Marita. (1996). “Supporting or
subverting the public interest: A critical look at the agenda to connect al schools, hospitals and libraries
to the information highway.” Paper presented to the meeting of INET 96 (The Internet Society),
Montreal, June 1996. Available at: httu://www.iif.hu/inet  96/e3/e3 3.htm.
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ing. Nation-gtates themselves become “intermediate’ governments, as thelr
traditional powers are subsumed by organizations at the super-govemment
level or encoded in trade agreements. The federd govemment may be
seeking to “remisson” itsdf by carving out a nationd role in education,
whether the provinces object or not.

Provincid govemments are caught in a different part of the globdli-
zation vice. Traditiond sources of tax revenues dip away as mobile capita
roams the world looking for the cheapest labour markets. The need to
control “out of control” spending judtifies massve centrdization efforts. As
Michael Apple points out, technology makes “the middle’ both untenable
and redundant because it offers “new forms of control, [it endbleg the
process of deskilling, the separation of conception from execution, [proc-
esses which] are not limited to factories and offices’ (1995, p.127). It may
be no coincidence that New Brunswick, determined to become both the call
centre capital of North America and a leader in the dectronic ddivery of
education, was a0 the first province in Canada to abolish school boards
atogether.

The Road to Education Reform

Education shifts when power shifts. Howard Besser identifies several
predictable stages when educationa services are redefined to meet the
needs of new power structures. First reports are produced by expert panels,
usudly by a blue ribbon team of business leaders, in which skill deficien-
cies are articulated and international comparisons are seized upon, often
presented in mideading ways. The media obliges by indulging in a feeding
frenzy of “schools are failing” stories (Besser, 1993, pp. 50-61). Thisis a
well-wom (and well-documented) path followed both in Canada and in the
United States. Among the consequences of what David Berliner and Bruce
Biddle cal “themanufactured crisis’ is adecrease in the power of public
education as measured by public and political support (Berliner, 1995).

The high-tech corporate sector which stands to gain the power
schools lose, has been among the most active critics of the qudity of public
education and the vdidity of education’s gods. (3) Ther solutions to the
“problem” of schools are both technocratic and technology-rich. Central
fiats, centrd control, and centra reform are key drategies that fit seamlesdy
into globdization. In dl provinces, such initiatives are underway. New
Brunswick abolished school boards, placing educationa decison-making

(3) See “Visioning education in the information economy” by Alison Taylor for a description of Canadian
corporate aliances impacting on education and “Canadian classrooms on the information highway:
Making the connections’ by Marita Moll for a specific discussion of high tech aliances in the connect-
ing classrooms agenda. Both essays appear in Moll, Marita (ed). Tech High: Globalization and the
Future of Canadian Education. Ottawa: Canadian Centre for Policy Alternatives, 1997.
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directly in the hands of government officials. Alberta reduced the number
of rura school boards from 144 to 60, the number of trustees from 1500 to
500, and county governance of education was abolished. Ontario reduced
the number of school boards from 129 to 66 and the number of trustees
from 1,900 to 700. The Ministers of Education from Manitoba, Saskatch-
ewan, Alberta, British Columbia, Yukon Territories and the Northwest
Territories entered into an agreement to collaborate in designing a Western
protocol for mathematics, science and language arts curricula. The Council
of Minigters of Education (CMEC) initiated a project to harmonize program
protocols across the country - beginning with a Pan-Canadian science
education protocol. All of these initiatives support and are supported by the
new technologies being proposed for the classsoom. Eventudly, centrdly
developed curricula could be pushed out to any desktop in the country on a
just-in-time, pay-asyou-go basis. This might sound far-fetched from a
policy perspective, but the technology will soon be in place to make it
possible. And the technologica imperative, “because it can be done, it
should be done,” is a well-worn path in North American culture.

The second step on the way to reform is induced educationd deterio-
ration. Canadians may criticize their schools, but a the same time they hold
them, and the traditions they embody, in genera respect. To gain enough
politica support for the public to accept substantid change in schools is
difficult as long as the public remains satisfied with schools as they are. To
move from the “schools are faling” rhetoric to the fdt redity of sysemic
criss, the system must be starved to the point where it can no longer ddiver
on its stated goa's and objectives.

Such a process has been underway for severa years. Educationa
funding cuts in Canada in 1996-97 removed a further $928 million or 2.9
percent from a system aready squeezed at dl levels (Canadian Teachers
Federation, 1996 A, p. 1). The Ontario government sought to save $150
million with its recent reorganization proposas. According to the British
Columbia Teachers Federation, per student spending on elementary/sec-
ondary education in B.C. declined by $427 or 7 per cent between 1990/91
and 1996/97, while enrolment increased by 16 per cent, the number of
specia needs students increased by 60 per cent, and ESL students increased
by 128 per cent (McLintock, 1997, p. A4). In its andysis of saffing and
class Sze issues, the British Columbia Teachers Federation found that the
student/educator retio had increased in the 1990's, while teacher librarian
services had declined, despite the role teacher librarians play in teaching
students to use information technology. Between 1993 and 1997, Alberta
cut $224 million from the education budget and spending decreased by
$466 per student, according to Alberta Education’s 1995/96 Annud Report
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(as cited in “Election ‘97,” 1997, p. 1). At the same time, the “Alberta
Teachers Association Report on Education in Alberta, 1996, indicates that
63.5 percent of teachers have fewer resources to help children than they
did three years ago. Teachers in Alberta schools are finding it harder to
obtain the resources they need to help children. Guidance counsdlors,
reading specidigts, teacher-librarians and teachers assstants have become
endangered species. Fully 78 percent of teachers report a decrease in
assstance for students with special needs’ (“Election *97,” 1997, p. 1).

The Atlantic Provinces Education Foundation (APEF) noted that
student/teacher ratios and class Size had increased for amogt dl Atlantic
provinces since 198990 (APEF, 1996). School boards were finding it
increesingly difficultto maintan high leves of services. Cutbacks in
government funding had placed schools, particularly the poorest schools
and school boards, in an extremey vulnerable position.

Amidg dl this, the physicd infrastructure was dso deteriorating.
Canadian Schoolhouse in the Red, a 1993 nationa study of Canadian
school fecilities reported that two out of three school buildings had ex-
ceeded their predicted useful life. Fifty-three per cent of these were built in
the 1950's and early 60’s fourteen percent were built before 1950, and
certainly not with the needs of the “Information Age’ in mind.

It is hardly surprisng that a nationd poll conducted for the Canadian
Teachers Federation in April 1998 found that Canadians identified under-
funding as the greatest problem faced by schools (Vector, 1998). This did
not deter them from expecting more from their schools, however. As a
result, demordized teachers, driven in contradictory directions by centraly
mandated policies, know that the gap between what is expected of them
and what is possble is widening every day. In this climate of shrinking
resources and growing expectations, the addition of the current technologi-
ca imperative has become “one more way not to be good enough” writes
Alberta teacher and educational researcher Jean Claude Couture (1998, p.
150). The power known as orofessiond self-esteem gradudly ebbs away.

Following the Money

Despite dleged financial “crises,” every province has made a consid-
erable amount of money available for new technology. Globe and Mall
reporter Andrew Tausz reported that “Alberta [despite massve funding
cutg] ... will invest $45-million in classsoom technology. Ontario doubled its
funding to $40-million for a program that matches private-sector invest-
(4) For more information on provincia technology plans see: Council of Ministers of Education Canada
(1996, July). The Use and Teaching of Information Technologies at the Elementarv and Secondary

Levels. Summarv of Questionnaire Responses. and “Technology plans — An update on recent
initiatives” CEA Newdletter, (Canadian Education Association), March 1997.
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ments in public school technology. New Brunswick recently completed a
three-year, $23-million initiative to link every public school in the province
to the Internet” (Tausz, 1996, p. ().() These figures are only suggestive.
There is no record of how much has aready been spent on technology, nor
have there been any studies to determine the impact of these technology
expenditures on students, teachers, or the already strained resources of
schools. There has been minima teacher education, or curriculum prepara-
tion for the massve changes envisoned by government and industry. The
CMEC has suggested that the idea of lending laptops to teachers to work
on during weekends is a promising “professona development” drategy
(CMEC, 1997).

Between 1994 and 1997, through Industry Canada and its School Net
program, the Federd government spent between $25-35 miillion to develop
services that promote and support the use of technology in educetion. The
February 1998 federa budget dlocated $205 million over three years to
expand and extend SchoolNet and its companion Community Access
Program (CAP) (Finance Canada, 1998). In June 1998, Prime Minister
Jean Chrétien announced his government’s intention “to have a computer
for every Canadian class in every school by the end of the year 2000, a
target that will require 250,000 computers to be donated by governments
and the private sector (Chrétien, 1998).

The $13 million invested in the Tddearning Research Network
which connects 125 researchers in 28 universities has attracted corporations
such as Apple, IBM and Microsoft who pay $20,000 each for the privilege
of being close to the sarting gate when these publicly-funded experiments
move into the product development and marketing stages. Some of the
$78.5 million of public funds granted to Phase Il (1995- 1999) of the indus-
try-led and managed CANARIE Inc. (Canadian Network for the Advance-
ment of Research, Industry and Educeation) has aso been targeted to educa-
tiond products. A CANARIE newdetter announced that a newly formed
Education Steering Committee would be working “as a catalyst and
facilitator to bring together various government representatives and indtitu-
tiond stakeholders to develop a pan-Canadian Strategy for integrating
technology into the educational system” (Harasm, 1997, p. 7). The Com-
mittee, chaired by Teldearning leader Linda Haraam, is aso working on a
private sector- led initiative called Oui.Can.Leam. Such convergence of
thinking between a leading spokesperson in the Canadian educationd
academic community, the govemment of Canada and the interests of the
information technology indusiry, so wdl aticulated by Bill Gates, is truly a
sgn tha times are indeed “a-changing,” as Bob Dylan wamed in the ‘60's.

The public appears to have some other education spending priorities.
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Surveys show that computers rank well behind teacher upgrading and
gndler class sizes (Canadian Teachers Federation, 1996, p. 6), when
Canadians are asked where money for education should be spent. A refer-
endum in a North Vancouver school digtrict which sought a smdl property
tax hike to fund the updating of computer hardware and software was
defeated by a 58 percent mgjority (Schaefer, 1997, p. A6). At its 1996
Annua Meseting, the Canadian Home and School and Parent-Teacher
Federation passed an emergency resolution urging al education
stakeholders to support the continued role of musc and fine arts education
as a fundamentd part of public schooling, programs which have suffered
particularly heavy cuts in the recent budget squeeze. A January 1997
Angus Red pall showed that two-thirds of Albertans thought the public
education system was working well but was under-funded. Forty-four per
cent of those polled feared that recent changes to education could lead to a
two-tiered system (“Mgjority of Albertans,” 1997, p. 1).

All this means that the current agenda for education reform is quite
evidently not driven by a populist agenda, and it is not driven by educators.
The powering up of schools is not driven by a need to soend excess money.
This leaves two options: it is occurring because it serves sudents interests
or because it serves a political/economic agenda despite students' interests.

Where's the Benefit?

Ask most teachers and parents why schools have been told to “embrace
technology,” and they will respond with ether or both of these rationales:
using computers improves student achievement and/or using computers is
the route to (or synonymous with) computer literacy, which will prepare
students for the workforce of the future. Both these statements are closer to
urban myths than fact. Ther passage into conventiond wisdom, despite
much evidence to the contrary, serves the mythmakers very nicdy.

Defying the myths, many researchers and media critics continue to
point to the scant evidence that the new technologies will deliver the “more
effective, more efficient” education promised. Numerous anadysts and
researchers point to the absence of independent research indicating a strong
cor-relation between the use of technologica tools and the improvement of
learning (Mall, 1998; Robertson, 1998). Larry Cuban concluded that “the
research evidence on [the overdl effect of technology on student learning]
was ambiguous and unhdpful in determining policy” (1990, p. 205).
Stephen Kerr, “one of the few [educational] researchers who examines
serioudy the deegp-set bdiefs of both technophiles and technophobes’
(Cuban, 1990, p. 209), pointed out that there was no proof that usng
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technology in the classroom increased achievement (Kerr, 1991, p. 114).
U.S. researcher Thomas Becker reviewed evaluative studies on the inte-
grated learning systems in which many schools had invested heavily and
found that the research had been of poor quality and moderate effects had
been typically overstated (Becket-, 1992). “No long-ter-m supporting em-
pirica or qualitative evidence shows that technology has made schools and
teachers more effective or sgnificantly postively affected the lives of ther
sudents,” write Muffoletto and Knupfer (1993, p. 2). In 1999, educationa
researcher Thomas L. Russall compiled a database of findings related to the
effective use of technology, chiefly in the fidd of disance learning, as
compared to dternative methods or techniques of teaching. Three hundred
and fifty-five research reports, summaries, and papers are cited in which no
sgnificance difference was reported between the variables compared.
(Russl, 1999). “. . . these no ggnificant difference studies provide sub-
dantia evidence that technology does not denigrate indruction,” says
Russdl. (1999, p.xiii).

Findly, Thomas Fleming, professor of educationd history a the Uni-
vergty of Victoria and teacher researcher Helen Raptis, after an extensive
andysis of research in educationd technology, concluded that “whet is
actudly known about the effects of educational technology on the cognitive
development of students appears remarkably smal. Because so few publi-
cdions in this area of research have explored cognitive effects in empirica
ways, there is dmost no scientific basis for discussion, beyond the findings
of ahandful of papers. In fact, apart from their panacea effects as ‘ gateways
to new worlds of learning,” or margind cams about improving student
learning, no strong or coherent argument for educationd technology’s use
in schooling may be found in the literature of recent years (Heming,

2000).”

The incompatibility of the more effective/more efficient rationdesis
pointed out in the research done by well-known American researcher
Henry Becker. Becker concludes that exemplary classrooms usng comput-
ers reduced class szesto 20 and incurred additiona costs amounting to
about $1,000 per pupil per year in extra personnel and support costs. Hard-
ware and maintenance costs were about $500 per pupil per year (Becker,
1994). Accounting for the exchange rate, Canadians are looking a more
then $2,000 per pupil per year. Heming and Raptis note “it is interesting to
observe that the high acquigition costs of new technologies — and the
remarkably short periods they remain date-of-the-art — is not judtified
within the literature on the basis that they may yidd sgnificant  |abour-cost

For more information outlining potential costs see Froese-Germain, Bernie. (1998). “Taking another
look at education and technology (Part 4): The ‘computers in schools' express - al aboard?’ Ottawa,
ON: Canadian Teachers Federation. Available at: http://www.ctf-fce.cale/what/restech/ ART& PAP2.htm
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savings, by making ingruction more efficient, or by reducing the time it
takes for sudents to complete programs of study (Z000)”  So far it seems
quite clear that the benefits are, as yet, quite undetermined, but the informa-
tion technology industry knows the true costs better than anyone. A recent
advertisement for Compag Computers daims that 85 percent of the money
gpent on technology is spent post-purchase. Computer “intensgification” can
never be a cost saving proposition unless education ceases to be conceived
of and ddivered in traditiond ways.

The Cult of Individualisation

The ideology of individudism moves in tandem with the culture of
progress through technologica innovation. Note the growth of the “per-
sond” computer, “personal productivity software,” and entertainment
technology that dlows personal viewing, ligening and singing aong. Now
technology can be used to shift the emphass from the collective experience
and benefit characteridtic of schools to individua experiences and benefits.
There are many who, for various reasons, concur with Gates' suggestion
that education must be more talored to the needs of the individua (1995, p.
204). “The centrd organizing principle we need for education in our future
IS mass customization: a unique education curriculum, a unique set of
educationd tools, and perhaps even a unique set of educators for each and
every student,” says futurist Richard Worzel (1996, p. 5). “Computers will
permit a degree of individudization - personaized coaching or tutoring -
which in the past was available only to the rich. All sudents may receive
a curriculum tailored to their needs, leaming style, pace and profile of
master-y . . " predicts Howard Gardner, well known for his work on multi-
ple inteligences (2000). In a less dtruigtic vein, Trimark Investment Man-
agement Inc. wams that, “In the year 2014, they say it will cost over
$65,000 for an undergraduate degree (1996).” The advertissment urges
Globe and Mall readers to start their personal “Legacy for Leaming” fund
right away. After dl, if leaming is “persond,” why would cods not be
“persondized’? Unfortunately, the emphads on the “individud” and
“persond” gppears to be eroding our commitment to the socid and collec-
tive responghilities for education. Recent examples of this in public policy
a the federd leved have been (persond) Millennium scholarships and
(persond) RESP's  as a response to the under-funding of post-secondary
education.

Who will have the most choice and the most benefit in this new educa-
tiond supermarket? Those with the greatest (persond) resources, of course.
The information highway will indeed provide new services for those who
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can afford them, but on-line education in which students can take any
course, at any time, from any location, could be much more redrictive for
the mgority of citizens than the current education ddivery mechanisms. As
traditional ways of ddivering education begin to disgppear or become too
expendve, a “plug and play,” “pay as you go’ modular education system
could replace the current system in which society shares the costs and the
bendfits, in which individud and collective interests are balanced through
democraticaly dected decison-makers. In the year 2014, technology
pushes education to “you’:

What is it you want to learn from Microsoft software?

What isit you want your children to learn?

Hereit is, right a your fingertips. All you have to do is

click (Microsoft, 1997).

Offloading respongbility for education from society to the individud
appears to be part of the plan for education in the new millennium. In this
brave new world, those seeking enhanced educationa services will find
many options available to them, at a price. Those who cannot aford this
price will become the new underclass in the jungle of the information age.
“All you have to do is pay” is a more honest concluson to the Microsoft
mantra.

Buyer, beware!

(1) For amore in-depth discussion of the connection between telecommuni-
cations deregulation and policy objective to connect all schools to the
Internet see Moll, Marita. (1996). “Supporting or subverting the public
interest: A critical look a the agendato connect all schools, hospitas and
libraries to the information highway.” Paper presented to the meeting of
INET 96 (The Internet Society), Montredl, June 1996. Available at: http://
www.iif.hulinet _96/e3/e3 3.htm.

(2) See “Vidoning education in the information economy” by Alison Taylor
for a description of Canadian corporate aliances impacting on education
and “Canadian classrooms on the information highway: Making the con-
nections’ by Marita Moll for a specific discusson of high tech dliances in
the connecting classrooms agenda. Both essays appear in Mall, Marita

(ed.). Tech High: Globaization and the Future of Canadian Education.
Ottawa: Canadian Centre for Policy Alternatives, 1997.

(3) For more information on provinciad technology plans see: Council of
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Minigters of Education Canada. (1996, July). The Use and Teaching of
Information Technologies a the Elementary and Secondary Levels. Sum-
marv of Questionnaire Responses. and “Technology plans - An update
on recent initiatives” CEANewsletter, (Canadian Education Association),
March 1997.

For more information outlining potentia costs see: Froese-Germain,
Berme. (1998). “Taking another look a education and technology (Part 4):
The ‘computers in schools express - al aboard?’ Ottawa, ON: Canadian
Teachers Federation. Available at:
http:/www.ctf-fce.cale/what/restech/ART& PAP2.hn-n

References

Atlantic Provinces Education Foundation (APEF). (1996). Education
Zndicatorsfor Atlantic Canada. Hdifax, Nova Scotia: Author.

Apple, Michagl W. (1995). Education and Power. (2nd ed.). New Y ork:
Routledge.

Becker, Henry Jay. (1992). Computer-based integrated learning systems in
the dementary and middle grades. a critical review and synthesis of
evaluation reports. Journal of Educational Computing Research, 8. pp.
1-41.

Becker, Henry Jay. (1994). How exemplary computer-using teachers differ
from other teachers. implications for redizing the potential of computers
in schools. Journal of Research on Computing in Education, 26 (3).
pp. 291-321.

Berliner, David, and Bruce Biddle. (1995). The Manufactured Crisis. Don
Mills, ON: Addison-Wedey Publishers Ltd.

Besser, Howard. (1993). Education as marketplace. pp. 50-61 in
Muffoletto, Robert and Nancy Nelson Knupfer (Eds.), Computers in
Education; Social, Political & Historical Perspectives. Cresskill, New
Jersey: Hampton Press, Inc.

Canadian Teachers Federation. (1996, October). Economic Service Notes,

9.p. L

Canadian Teachers Federation. (1996). Mgor findings of 1996 Vector
Opinion Poll on CTF national education issues. Economic Service
Bulletin, 6.

Clark, Jennifer. (1996, March 8). Bill Gates goes cyberspace truckin’; his
Corbis Corp. carving out pogtion in digita-photo market. Montreal
Gazette.



172 CJEC

Council of Minigers of Education (CMEC). (1997). Developments in
Information Technologies in Education. Document prepared for the
13th Conference of the Commonwedth Education Minigters, July 28
August 1, 1997. Botswana

Couture, Jean Claude. (1998). Teachers work: living in the culture of
insufficiency. pp. 139-165 in Moall, Marita (Ed.), Tech High:
zation and the Future of Canadian Education. Ottawa, ON: Canadian
Centre for Policy Alternatives

Chretien, John. (1998, June). Speech ddivered at the meseting of the Fed-
eraion of Canadian Municipdities. Regina, Sask.: Avalable at:
http://pm.gc.calcgi-win/pmo_view.exe/ ENGLISH?7798+0+NORMAL.

Cuban, Larry. (1990). Computers meet classroom: classroom wins. Teach-
ers College Record, 95 (2). pp. 8 15210

Election ‘97: What are the issues facing Alberta schools and teachers?
(1997, February 25). The ATA News, 31 (13). p. L

Europe union joins world-wide cyberschool drive. [editorid]. (1996, No-
vember 8). Information Society Trends, 59.

Finance Canada. (1998). Budget 1998. Building Canada for the 21 st
Century; Canadian Opportunities Srategy. Avallable:
http://www.fin.rrc.ca/budget98/cose/cosde.html.

Gardner, Howard. (2000). Technology remakes the schools. The Futurist.
Mar/Apr.  pp.30-32.

Gates, Bill. (1995). The Road Ahead with Nathan Myhrvold and Peter
Rinearson. New York: Penguin Group.

Harasm, Linda (1997, January). Canarie Learning and Training Work-
shop. Communique. p. 7.

Hirsh, Jesse. (1996, November 17). The mythology of technology: The
Internet as Utopia. Available from: jesse@tao.ca (Jesse Hirsh)

Industry Canada. (1996). Building the Information Society: Moving
Canada into the 21st Century. Ottawa, ON: Industry Canada.

Information Highway Advisory Council (IHAC). (1995). Connection,
Community, Content: The Challenge of the Information Highway. Final
Report. Ottawa, ON: Minister of Supply and Services.

Information Highway Advisory Council (IHAC). (1997). Preparing
Canada for the Digital World. Fina Report. Ottawa, Ontario: Minis-
ter of Supply and Services.

Information Technology Association of Canada (ITAC). (1994). Education
Satement. Missssauga, ON: ITAC.



Technological Change and Public Education 173

Feming, Thomas and Helen Raptis. (June 2000). Educationa technology:
A topographicd anadlysis of research, 1990-1999. Teacher Librarian
v.27, #. Avaladle a: http://www.teacherlibrarian.com/fleming-
raptis.ntml

Ker, Stephen T. (1991). Lever and fulcrum: educationd technology in
teachers thought and practice. Teachers College Record, 93 (1). pp.
114-136.

Mgjority of Albertans say education is underfunded. (1997, February 25).
The ATA News, 31 (13). p. L

McChesney, Robert W. (1999). Rich Media, Poor Democracy; Communi-
cation Politics in Dubious Times. Chicago: Universty of lllinois Press.

McLintock, Barbara and lan Austin. (1997, April 11). Students worse off
by $247 a year: Teachers and Education Minister Ramsey doesn't
dispute BCTF figures. Vancouver Province. p. A4.

Microsoft Corporation Advertisement. (1997).

Moll, Marita and Bernie Froese-Germain. (1998). Taking another look at
educationd technology (Part 3) Bridging the Gap Between Research
and Rhetoric. Ottawa: Canadian Teachers Federation. Available at:
http://www.ctf-fce.cale/what/restech/ ART& PAP2.htm

Muffoletto, Robert, and Nancy Nelson Knupfer. (1993). Computers in
Education: Social, Political & Historical Perspectives. Cresskill, NJ:
Hampton Press, Inc.

New Brunswick company offers courses world-wide with Microsoft. Press
Release, (1996, February 23). Fredericton, New Brunswick: Depart-
ment of Economic Development and Tourism. Available
http://www.nov.nb.ca/cnb/news/edt/6e0209¢et.htm.

Postman, Neil. (1997, March 21-22). Rethinking McLuhan. Unpublished
remarks a a symposum a York University.

Rheingold, Howard. (1993). The Virtual Community: Homesteading on
the Electronic Frontier. Don Mills, Ontario: Addison Wedey.

Robertson, Heather-jane. (1998). No More Teachers, No More Books. The
Commercialization of Canada’s Schools. Toronto: McClelland &

Stewart Inc.

Russdll, Thomas L. (1999). The No Sgnificant Difference Phenomenon.
Rdegh, N.C.: North Carolina State University.

Schaefer, Glen. (1997, April 21). Techno tax nixed in N. Van. Vancouver
Province. p. A6.

Schiller, Herbert I. (1989). Culture, Inc.; The Corporate Take-over of
Public Expression. New York: Oxford University Press.

Tausz, Andrew. (1996, October 15). How tech firms court the key educa-
tion market. Globe and Mail. p. C6.



174 CIEC

Trimark. (1996, November 14). Guide to education. [Supplement]. Globe
and Mail.

Vector Research + Development Inc. (1998, September). The Canadian
Teachers Federation Nationd Issues in Education Poll. CTF Economic
Service Bulletin, 5.

White House. Office of the Vice-President. (1994, January 11). Remarks by
Vice-President AZ Gore, Royce Hall, UCLA, Los Angdles, Cdifornia
Washington, D.C.

Worzd, Richard. (1996, May/June) Comes the revolution. Teach.

Authors

Marita Mall is a researcher and policy analyst for the Canadian Teachers
Federation and a volunteer research associate with the Canadian Centre for
Policy Alternatives. Her most recent book is e-commerce vs e-commons:
Communications in the Public Interest, co-edited with Ledie Regan Shade.

Heather-jane Robertson is a well-known writer and speaker on education
issues. Sheis president of Op-Ed Services, Inc. Her most recent book is
No More Teachers, No More Books: The Commercialization of Canada’s Schools.



La Latent Semantic Analysis

et Le Macro-Professeur :

Exemple d’integration de I'intelligence
artificielle a un systeme de tutorat intelligent

Julien Mercier
Monique Brodeur

This article describes the technique of Latent Semantic
Andyss (LSA), an artificid inteligence agorithm thet can
be integrated into intelligent tutoring systems (ITS). LSA is
atechnique that extracts some semantic properties of atext,
usng mathematica and datisticad operations. The technique
uses huge amounts of digitized text, integrated in a semantic
pace that acts as a knowledge base. LSA is used to com-
pare words or texts with respect to their semantic content.
The dgorithm is first described. Then, the nature of a se-
mantic space and the method to build one is made explicit,
garting from an example (a semantic space on the topic of
psychology, in French). Findly, an example of a recent ITS
using LSA is described; it consists of a system to support the
teaching of summarizing skills, named Le Macro-Professeur,
which is available on the Web.

Cet aticle décrit la Latent Semantic Analysis (LSA), un
dgorithme d'intdligence atificidle pouvant ére intégré a
des sysemes informatiques de tutorat intdligent. La LSA et
une technique qui extrait certaines propriétés semantiques
d un texte par des opérations mathématiques et statistiques.
Elle évolue a partir dune grande quantité de texte numérisé
et intégré dans un espace sfmantique qui fait figure de base
de connaissances. La LSA sert a comparer des mots ou des
textes entre eux quant a leur contenu sémantique.
L’agorithme est d’abord décrit. Ensuite, la nature d'un
espace sémantique et la méthode menant a sa créetion sont
EXPosées, en menant comme exemple un espace sémantique

Canadian Journal of Educational Communication Vol. 27 No. 3, pages 175-188.
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de langue francaise portant sur la psychologie. Enfin, un
exemple de systeme de tutorat intelligent récent utilisant la
LSA est apporté ; il Sagit d’'un systéme de support a

I enseignement des Stratégies de rédaction d’'un résumé, Le
Macro-Professeur, qui est disponible sur le Web .

La Latent Semantic Andysis (LSA)

Dans une perspective large, le domane de I'intdligence atificidle vise
notamment & recréer atificidlement, au moyen de I'informatique, les proces-
us inhérents a I'intdligence humane. Par conséquent, I'intdligence artifi-
cidle peut ére utiliste pour développer des systémes de tutorat hautement
specifiques destinés a favoriser | gpprentissage. Par exemple, des chercheurs
de I'universté McGill ont développé un systeme de tutorat pour 1’ apprentis-
sage des datistiques au troiséme cycle universtaire (Frederiksen & Donin,
1999). D’autres projets d’ envergure ont trait a I’ entrainement de mécanicien
en avionique ou a I’entrainement au diagnogtic médica (Lillehaug & Laoie,
1998). La section suivante présente quelques générdités et | agpect mécani-
que de la Latent Semantic Analysis.

Geénéralités

La Latent Semantic Analysis (Landauer & Dumais, 1996, 1997) est un
nouveau type dinteligence atificiele qui tire I'information d'un texte par
des opérations mathématiques et datistiques complexes (Landauer, Foltz, &
Laham, 1998). Les connaissances ou informations que ce systeéme tire des
textes qui lui sont soumis sont représentées dans un espace sémantique ou
semantic space. Selon pluseurs auteurs (Burgess, Livesay, & Lund, 1998;
Landauer & Dumais, 1997 ; Landauer, Laham, Rehder, & Schreiner, 1997),
cet espace semantique reproduit artificidlement, a maints égards, le modele
connexionniste de représentation des connaissances éaboré par Kintsch
(1998) : le modde de congruction-intégration. De plus, I’ utilisation de la LSA
et tout indiquée pour les recherches considérant le textbase, ¢ est-a-dire les
propositions dont un texte est compose (Foltz, 1996). Selon Perfetti (1998),
la LSA fait partie de ces outils qui représentent le nec plus ultra pour des
gpplications au niveau de la recherche quantitative portant sur les productions
écrites.

Aspect mécanique
Les deux principaux aspects de cette technique de LSA seront explicités
ici. D’abord, la mécanique mathématique &t atistique sousjacente ala LSA
sera développée. Ensuite, I'espace sémantique, qui et le résultat de cette

(1) L’adresse intemet est la suivante : http://Isa.colorado.edu/Macro-Professeur/
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mécanique, sera décrit puisque € est de ses qudités que dépend I efficacité de
laLSA.

Mécanique mathematlque utilisee par la LA

La mécanique centrale ala LSA est basée d’'une part sur I'analyse datis-
tique descriptive des mots contenus dans les textes et, d’ autre part, sur I'ana
lyse factorielle de ces satistiques. Elle est basée sur le postulat qu'il existe une
sructure « latente » sous-jacente a I’ utilisation des mots a travers |’ ensemble
des écrits. Le systéme considere |’ apparition de chague mot dans son con-
texte, générdement au niveau de la phrase ou du paragraphe dont il est issu.
Limitons-nous pour I'ingtant a un mot, point de départ des deux éapes princi-
pales opérées par laLSA.

Premiere étape: analyse statistique descriptive. Le systéme considére et
compile toutes les phrases ou plus généralement tous les paragraphes au sein
desquel's ce mot gpparait. On obtient donc une liste de tous les contextes dont
ce mot fait patie. A ce niveau, on peut concevoir la signification du mot
comme la moyenne de tous les contextes oul il a éé retrouvé. A un niveau
plus mathématique, on représente le résultat de cette premiére opération dans
une matrice, dans laquelle les rangées représentent tous les mots des textes et
les colonnes représentent tous les contextes (lignes ou paragraphes) dans les-
quels apparaissent les mots. Dans cette matrice, chaque case contient la fré-
guence d occurrence d' un mot dans chague contexte.

Deuxieme étape : analyse factorielle. Par la suite, une deuxieme opéra-
tion intervient, qui témoigne de I'importance de chaque mot dans chague con-
texte. Comme on considere chaque contexte ou un mot apparait et que ces
différents contextes forment des contraintes mutuelles, cette opération imite le
principe de satisfaction de contraintes du modée de congtruction-intégration
(Landauer, Laham, Rehder, & Schreiner, 1997). C'est une forme d andyse
factoridle (singular value decomposition ou SVD) qui mene a la réduction
des dimensions a lagudle il sera fait dlusion plus loin. Cette andyse facto-
ridle conduit a I'éaboration d'une matrice qui fat &at de I'estimation trés
juste de la fréquence a laquelle apparditrait un mot dans chague contexte dans
le cas ou I’on conddérerait une infinité d occurrence de ce contexte. Ici, la
sgnification d’'un mot est basée sur I’ensemble des contextes ou le mot appa
rait, sur |’ ensemble des contextes ol ce mot pourrait goparaitre comme syno-
nyme, et sur I’'importance de ce mot dans les contextes considérés. Cette ré-
duction des dimensions augmente considérablement la puissance de la tech-
nique. Par exemple, dle permet de mettre les synonymes en évidence. En
somme, la nature de cette sgnification sémantique N'est pas logique. Elle ext
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en fait basée sur des relations de smilarité contextuelle entre les mots. C' et
donc dire que cette signification est congtruite a partir des autres mots et con-
textes de lamatrice, al’image du processus associatif décrit dans le modée de
congruction-intégration. C'est pourquoi il est important de réduire les dimen-

sons de la matrice afin de conserver les facteurs qui caractérisent de fagon
prépondérante I’ ensemble des mots utilisés. Ces facteurs sont en quelque sorte
des continuums qui représentent chacun une dimension de la matrice. En ter-

mes plus mathématiques, le sens d'un mot est déterminé par sa podtion sur

chacun des continuums retenus. Par extenson, la sgnification d' un paragra-
phe ou d'un passage entier est éablie selon les mémes mécanismes. Elle est
congtituée des moyennes des vecteurs semantiques des mots que le paragra:

phe ou le passage contient, ind&endamment de I’ ordre des mots (Landauer,

Laham, Rehder, & Schreiner, 1997). Les mots et les contextes aing que les
facteurs qui les caractérisent forment ce que I’on appelle un espace semanti-
que, qui symbolise atificidlement le savoir qu'une personne retirerait de la
lecture des textes traités par la machine, suggérant I’ andogie avec le situation
model de Kinstch (1998).

Par ces opéraions mathématiques, la LSA permet I'andyse des informa:
tions semantiques issues des contextes dans lesquels apparaissent les mots.
Cette andyse est le point de départ de plusieurs actions essentiellement com-
paratives portant sur les productions écrites de sujets humains, tels que des
éeves e des éudiants de tous les cycles, du primaire a I’ université. D’ abord,
elle permet d’ évauer le résumeé d'un texte par comparaison avec le texte ori-
gina et d obtenir de la rétroaction sur les particularités de ce résumé. C'est
d alleurs ce principe qui est mis a profit dans le logicidl présenté en exemple.
Elle permet de plus d évauer le degré de convergence de plusieurs travaux
sur un méme Ujet. Elle permet auss de cerner a partir d un ensemble impo-
sant de connaissances les déments-clés a retenir sur un sujet particulier. Ces
comparaisons s operent sur les vecteurs associ€s a chague texte ou partie de
texte. 1| et & noter que ces opérations ne peuvent étre réalisées que sur des
textes faisant gopel au méme espace fmantique. Les caractéristiques d'un
espace semantique, les consdérations nécessaires a son éaboraion ains que
ses principaes fonctions seront exposées maintenant.

L espace sémantique

Un espace sémantique et caractérise principdement par |'ensemble des
mots qu'il contient. L’ ensemble du vocabulaire contenu dans les textes aux-
quels le systéme a eu accés lors de la congtruction de I espace sémantique par
les mécanismes décrits précédemment détermine la teneur des liens, des di-
mensons et des informations que I’on pourra retirer des andyses. Aing, le
systéme congtruit des « connaissances » liées au vocabulaire e aux contextes
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émanant des textes qu'on lui soumet. On peut donc choisir de lui faire absor-
ber le contenu d'un domaine particulier comme la biologie (McNamara,
Kintsch, Songer, & Kintsch, 1996) ou la psychologie (Mercier, 1999, ste
web) selon le sujet des écrits que I on intégre dans le systéme. On peut auss
consdérer les écrits plus usuds et quotidiens tels que ceux que I’ on retrouve
dans les forums de discussion sur |'Internet. Toutefois, le choix des textes se
doit d'ére rédisé judicieusement sdon le matérid utilise a travers les andy-
ses. Comme la méthode est basée essentiellement sur le vocabulaire et ses
relations avec le contexte, il doit y avoir un lien éroit entre le sujet des textes
contenus dans |’ espace sémantique et le sujet des textes produits par les hu-
mains. Les publications récentes au sujet de laLSA (Foltz, 1996 ; Landauer,
Foltz, & Laham, (1998) ; Rehder et d., 1998) suggerent qu’'idéalement, on
devrait retrouver dans I’ espace sémantique I’ ensemble des mots utilisés par
les humains dans leurs textes.

Comme la LSA a recours aux datistiques, I'éaboration d' un espace s&-
mantique de qudité nécessite une grande quantité de textes. De fagon ando-
gue a la taille de I’ échantillon garant de sa représentativité de la population,
I'augmentation de la quantité de contextes ou I'on retrouve un mot favorise
I'éaboration d’une sgnification juste de ce mot. De plus, I’ &endue du voca
bulaire de I'espace sémantique et tributaire de la quantité de textes traitée.
Les espaces sémantiques congtruits jusgu'a maintenant renferment de 8300
mots a quelques centaines de millions de mots pour un vocabulaire de 30119
a 92000 mots. L'examen des espaces sémantiques réalisés antérieurement sug-
gere d'autres précautions qui seront énoncées ici, bien qu'dles n'aent pas
encore fait |’ objet d' expé&imentations empiriques avec la LSA.

Il semble que les textes doivent favoriser I'extraction de I'information
contextuelle. A cet égard, les livres spécidisés dans un domaine semblent ére
tout indiqués. En effet, les mots gu'ils renferment font partie intégrante d’'un
discours organisé conformément aux connaissances des auteurs sur un SUjet.
De plus, les mots utilisés dans | exposeé des idées sont soigneusement choiss
par |'auteur soucieux d'ére bien compris. Enfin, la ressesmblance de la LSA
avec le modele connexionniste suggere que la qualité de I espace sémantique,
et consdquemment de ses gpplications, dépend de la qudité de ce qui et
traité, al’'image de la qudité d’' un apprentissage qui est tributaire de la qudité
du contenu abordé.

Le fat que certains mots revétent un sens particulier selon le domaine
auqud ils réferent suggere que les textes traités lors de I'daboration de I'es-
pace sémantique devraient ére spécifiques au domaine des textes andysés.
Sdon cette congdération intuitive, les textes devraient ére tirés dun méme
corpus de connaissances relativement spécifique, te qu’une science particu-
liere. 1l est toutefois possble que des impératifs tres pragmatiques viennent
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influencer le choix des textes ; le rassemblement d’ une telle quantité de maté-
rid requiert un investissement consdérable de moyens. Pour limiter les res-
sources nécessaires, les chercheurs ont avantage a limiter I'importance des
textes traités. En effet, les sources disponibles de documents en langage-ma-
chine (ASCII) sont I'Internet et les CD-roms encyclopédiques qui demandent
une recherche et un traitement permettant de colliger un corpus de textes.
L’ dternative consiste a numériser des textes sur papier, ce processus nécess-
tant des ressources consdérables. De plus, les capacités limitées du systéme
informatique imposent de réduire les dimensions de | espace Sfmantique. Se-
lon ces observations, |la portée réduite des espaces sémantiques existants se-
rait due non pas a des précautions quant a I’ efficacité de la technique de LSA
mais bien a des contraintes externes de nature pragmetique.
Prédablement au travail du premier auteur, il Ny avait pas d espace &
mantique de langue francaise digponible. Le ste Web de la LSA (http:/
mis sur pied par des chercheurs de I’ Université du Colo-
rado a Boulder est essentiellement anglophone. I comporte plusieurs applica-
tions de la LSA ains que des sources d' informations concernant la théorie et
les techniques sur lesquelles la LSA est fondée. Mis a part le matérid anglo-
phone, le ste ne contenait qu'un espace semantique trilingue regroupant des
articles de magazines européens rédigés en francais, en anglais et en dle-
mand. Un autre projet en développement porte sur les débats parlementaires
bilingues du parlement canadien. Comme le logicid présenté dans cet aticle
et réaise avec des textes académiques de niveau universitaire en langue fran-
case, I’'daboration d’un espace sémantique approprié est de rigueur. La qua
lité de cet espace semantique est déterminante puisque la qualité de la rétroac-
tion fournie par le logicid dépendent exclusvement de ses propriétés. En
effet, c'est au sein de cdui-ci que les comparaisons sémantiques sont opérées.

Exemple despace sémantique
Cette section comporte deux parties. D’ abord, les principaes caractéristi-
ques de I'espace sémantique sont exposees. Ensuite, un exemple d andyse
et propose, afin d'illustrer la teneur et les limites des résultats obtenus par les
différentes andyses avec la LSA.

Principales caractéristiques de |'espace semantique
Cette section comporte des informations sur la nature de I’ espace séman-
tique, sur son daboration ains que sur sa principae fonction. L’espace &
mantique présenté dans cette recherche et disponible a la communauté de
chercheurs intéressés par des investigations en langue frangaise rédisées avec
la LSA, a I'adresse dectronique http://lsa.colorado.edu/. 1l a pour nom
Psychology French.
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Nature de I' espace sémantique Psychology French

L’espace sémantique Psychology French est constitué de 6 livres récents
utilisés comme références dans plusieurs cours de premiere année du pro-
gramme de baccalauréat spécialisé en psychologie. Les livres font le survol
de plusieurs champs disciplinaires de la psychologie : psychologie générale,
psychologie cognitive, psychologie sociale, neuropsychologie clinique, psy-
chologie du développement et psychologie de la motivation. La figure sui-
vante offre un aper¢u de la proportion occupée par chaque champ de la psy-
chologie au sein de I’espace sémantique.

Figure 1. Proportion occupée par chaque champ de la psychologie au sein de

m Psychologie
cognitive

B Psychologie du
dévelcpggrrent

0 Introduction a
psychologie

o Psychologie de
motivation

B Neuropsycholog;
clinique

B Psychologie sof

l'espace sémantique
Elaboration de Psychology French

Les 6 livres ont €té numérisés entierement, a 1’exception des graphiques
et des figures. Trois critéres principaux ont influencé le choix de numériser
des livres plutét que de I'utilisation de CD-roms ou de textes disponibles en
ligne sur Internet. Premi¢rement, une trés grande quantité de livres franco-
phones est disponible. Ensuite, le contenu d’un livre est clairement identifié,
notamment par ses descripteurs. Enfin, I’utilisation d’un volume dans le cadre
d’un cours universitaire est un indicateur du niveau académique de son con-
tenu. Les résultats de nos recherches sur Internet ou dans les répertoires de
CD-Roms n’ont pas répondu a ces trois critéres.

Comme le logiciel de reconnaissance de caracteres utilisé lors de la numé-
risation des livres (Omnipage Limited Edition) a un taux d’efficacité variant
de 30296%, les textes numérisés ont été corrigés a 1’aide du correcteur ortho-
graphique de Microsoft Word 95. Le document Word qui a servi de base a la
méthode mathématique de la LSA afin de créer 1’espace sémantique com-
porte 2295 pages a interligne simple, soit prés de 12 MB de texte. L’espace
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sémantique obtenu a partir des livres numérisés comporte un vocabulare de
41741 mots utilisés dans les champs de la psychologie considérés. A titre de
comparaison, Le Petit Larousse 1998 contient 59 000 noms communs.

La dimension du contexte a é&é fixée au paragraphe. Le nombre optimal
des dimensions de I’ espace sémantique a été fixé a 300. Ce nombre optimal
de dimensons pamet a la LSA de smuler le jugement humain sur la signifi-
cation des mots donnant lieu a des résultats de I’ ordre de quatre fois la préci-
son d'un espace sfmantique sans réduction des dimensions (Site web de la
LSA).

Fonction d’un espace sémantique

Les anadyses menées avec la LSA permettent essentidlement la compa
raison sémantique entre des documents. Ces documents peuvent prendre la
forme de textes de longueur variée ou Smplement d'un mot ou groupe de
mots. Les mesures obtenues sont des indices de smilarité entre les docu-
ments comparés. Ces indices séendent de -1.00 & 1.00, un peu a la maniére
d une corrélation, sans toutefois en étre une. Deux mots pris au hasard obtien-
nent 0.02, avec un écart-type de 0.03. En fait, ces indices ne sont, pour le
moment, pas interprétables en soi de par leur nature méme. |l est possible d en
tirer une information dgnifiante en comparant, sur la base du sens commun,
diverses réponses delaLSA. A cetitre, la section suivante présente un exem-
ple d anayse.

Exemple d'analyse
Le tableau suivant présente le résultat d'une andyse permettant de com-
parer plusieurs mots entre eux. Il s agit de I’ gpplication Matrix Comparison,
gue I’on retrouve sur le Site Web de laLSA, utilisée avec |’ espace sémantique
Psychology French.

Tableau 1. Résultat d'une comparaison au sein de |’ espace semantique

psychanalyse psycho. développement béhaviorisme psycho. sociale

Freud 0.62 012 0.04 0.05
Piaget 0.03 047 0.07 0.03
Pavlov 0.08 -0.01 0.19 0.07
Vallerand -0.02 -0.02 0.01 0.02

Pour cette andyse, quatre grands noms de la psychologie ont éé entrés,
accompagnés des domaines de la psychologie auxquels ils ont
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sgnificativement contribué. Freud obtient la meilleure association avec psy-
chandyse (0.62). Piaget obtient la meilleure cote aupres de la psychologie du
développement (047), tandis que Pavlov arrive premier au niveau du béha-

viorisme (0.19). Enfin, Valerand n'est pas asocié avec la psychologie so-

cide, contrarement alarédité. 1l est possble d expliquer ceci en référant aux

caractéristiques des mots employés. En effet, les mots psychologie et socide
sont utilisés dans bon nombre de contextes et indépendamment de surcroit,
sans doute sans lien précis avec les citations du professeur Vallerand.

En définitive, il est important de garder a |’ esprit la nature gatistique de la
LSA. A cet égard, on peut penser que les analyses opérées a partir de docu-
ments plus longs, tels que ceux utilisés dans la présente é&ude, sont moins
sujettes aux aberrations découlant d’ une andyse opérées sur un ou deux mots.

Exemple de systeme de tutorat intelligent : Le Macro-Professeur
La section suivante se divise en trois paties. En premier lieu, une bréve
description du logiciel ang que les principaes éagpes de son éaboration sont
exposées. En deuxieme lieu, un gpercu de I'interface du logicid est présenté.
Enfin, la derniere partie décrit la démarche d' gustement de certains parame-
tres du logicid.

Description et démarche d'élaboration du logiciel Le Macro-Professeur

Lelogicd Le Macro-Professeur est digponible gracieusement sur le Site
Internet delaLSA al’ adresse suivante : http://Isa.colorado.edu/L eMacro-Pro-
fesseur/. Le Macro-Professeur oriente |’ utilisateur vers la production d'un ré-
sumé comportant I'information essentielle (2) d'un texte tout en satisfaisant une
contrainte de longueur du résumé. Sa mecanique fait appel a la Latent Semantic
Analysis. L’espace sémantique, décrit précédemment, condtitue la base de
connaissances permettant au logicid d' évauer les résumés de textes prédéter-
minés et de fournir de la réroaction a I’ utilisateur. L’ interface par lequd 1" uti-
lisateur prend contact avec les simuli et la réroaction du logicid est compose
de pages HTML. Le logicie ne requiert donc pour son utilisation qu'une
plateforme PC ou Mac munie du logicid de navigation Microsoft Internet
Explorer 5ans qued un accés alnternet. Lelogicid Microsoft Virtual Ma-
chine ext tdéchargé automatiquement et gratuitement lors de I’ utilisation du
logicid sil n'est pas dga présent dans I’ ordinateur. Les étgpes suivantes ont
été nécessaires alarédlisation du Macro-Profeseur.

D’ abord, tous les messages de rétroaction de la verson anglaise ont é&é
traduits en frangais. Il sagit d une traduction libre de I'auteur principd. Ces
messages ont ensuite ééintégrés a I’interface du logicid afin de remplacer les

(2) La détermination de I'information essentielle a un texte est discutée ultérieurement.
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messages originaux en anglais. 1l est a noter que cette procédure ne requiert
nullement de digpositions particulieres comme dans le cas de la vdidation
transculturele d'un questionnaire. |l s agit de faire en sorte que les messages
de rétroaction du logicid soient compréhensibles par |’ utilisateur francophone.
Comme les processus de compréhension en lecture de méme que I’ habileté
de résumer sont des mécanismes cognitifs qui n'impliquent pas a prime abord
de composantes culturelles, le logiciel présenté dans cette éude est destiné a
toute personne qui maitrise le francais écrit.

Deuxiémement, trois textes servant d’ exercices, choiss en raison de leur
intérét genérd, ont &té intégrés au logiciel. Les textes sont présentés en ordre
croissant de difficulté, sur la base d une expé&imentation sommaire. Ces trois
textes sont tirés de trois des six livres ayant servi a I’@aboration de I espace
semantique, afin d assurer la plus grande correspondance entre les textes a
traiter par le logicid e I’ espace stmantique. Les titres des textes sont les sui-
vants. L'expérience des études collégiales et universitaires, Le modée de I'in-
telligence artificielle (IA) et L'amour.

Le Macro-Professeur est développé en vue d'un usage tres spécifique :
ader les éudiants de niveau universitaire a développer leur habileté a résu-
mer des textes de vulgarisation scientifique. En raison des limites reliées a
I'intelligence atificidle a laqudle il fait appe, le logicid propose présente-
ment du matériel orienté vers les sciences humaines,

L' interface du logiciel

L’interface du logicid Le Macro-Professeur est a plusieurs égards com-
parable au matérie courant disponible sur I'Internet. En fait, I environnement
interactif du logicid est compose de fenétres de saisie pour le texte et de bou-
tons d' action proposant les différentes options. Ces éléments, de méme que la
rétroaction, sont intégrés et présentés dans une succession de pages web spé-
cifiques au logicid et organisées autour de la mécanique sous-jacente au logi-
cid, laLSA. Cette approche permet un interface attrayant, avec logos et mo-
tifs d’ arriere-plan, que de bréves ingructions fournies sur la page d accuell
permettent de rendre convivid.

La page d'accuel du logicid et édaborée en vue d'une utilisgtion auto-
nome, notamment en raison de son accesshilité via Internet. Ceci &fin que
quicongue entre en contact avec le dte, soit par hasard ou en y éant référe,
puise y évoluer avec succes sans ingructions supplémentaires. Aprés une
bréve description de la nature d’' un résumé et I'énumération des dtratégies de
production d'un bon résumé (3), la page contient les ingtructions détaillées au
niveau de I’ utilisation du logicid. Enfin, cette page se termine par des infor-
mations concernant I’ utilisation de la rétroaction fournie par Le Macro-Pro-
f ESseur .
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En plus de la page d'introduction et de pages connexes proposant des
informations supplémentaires, |'interface du logicid est compose d' une fené-
tre de saisie permettant a |’ utilisateur de taper son résumé au moyen du clavier
de I’ ordinateur. De plus, cette fenétre indique la longueur idéale du résumé a
produire. Cette longueur idéde est d' environ 7.6 % de la longueur du texte
origind, ce qui contribue a rendre le niveau de difficulté des exercices propo-
s5s plutét devé. Mis a part la rédaction du résumé rédisée au moyen du cla
vier, I'interaction avec le logicid se fat au moyen de la souris. L’ utilisateur
I'utilise pour cliquer sur les hyperliens afin d obtenir plus d'information.
doit auss cliquer sur les différents boutons d'action qui proposent les choix
d action possibles en fonction de la progression de I’ utilisateur dans latache a
réaliser. Aprés larédaction du résumé, Le Macro-Professeur propose notam-
ment de sauvegarder le résumé produit et d'en vérifier |’ orthographe ou de
fournir la rétroaction sur ce résumé.

La page de rétroaction comporte une partie graphique suivie d’ une partie
verbae. On 'y retrouve un indicateur de lalongueur du résume, représenté par
la bande verticae. S I’ extrémité de cette bande se Stue entre les deux lignes
vers le milieu de I'indicateur, la longueur du résumé et adéquate, (tedl que
symbolisé par la couleur verte de I'indicateur.) S I’ extrémité de la bande se
Situe en deca ou au-dela des limites, I’indicateur passe au rouge et sgnifie que
le résumé et trop court ou trop long. En soi, un résumé ne peut étre trop
court, sauf S sa longueur ne permet pas de couvrir adéquatement I’ informa
tion principae du texte & résumer. A cet égard, les limites inférieures sont
cdibrées de fagon a ce qu’un résumé trés court oriente la rétroaction a I’ effet
gue le contenu du texte n'est pas couvert possiblement en raison de sa brié-
veté. Les bandes horizontades indiquent la quantité d'information contenue
dans le résumé. Chaque bande correspond & une section du texte a résumer et
et identifiée par le titre de la section. La ligne noire verticae représente le
sauil a ateindre (4) pour chague section. Ce seuil symbolise la quantité mini-
mae d'information que chague section du résumé doit contenir pour repré-
senter I'information principale du texte.

En complément, |a page de rétroaction comporte certains commentaires
verbaux. Ces commentaires fournissent des hyperliens et des boutons d ac-
tion adaptés a la qudité du résumé de I’ usager, de méme que des renseigne-
ments complémentaires aux graphiques. Il traitent de la quaité du résumé et
proposent des dtratégies afin de I'amédiorer.

Quand son résumé rencontre les normes de longueur et de contenu, le
logicie lui offre de vérifier 9 deux ou pluseurs phrases du résumé contien-
nent la méme information (redondance) ou s chaque phrase est bel et bien en

(3) Ces dtratégies sont énoncées d'aprés Brown et Day (1983).
(4) La méthode de détermination de ce seuil est discutée plus loin.
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lien avec le sujet du texte (pertinence).

Enfin, de par la rdative smplicité de I’ environnement du logicid, les pos-
shilités d andioration sont nombreuses. 1l est possble d'intégrer une quan-
tité infinie de textes servant d' exercices de difficulté variée afin d adepter Le
Macro-Professeur atoute la clientéle estudiantine, du primaire au doctorat. I
est auss posshle d' dargir les domaines couverts par les exercices, de la chi-
mie a la musicologie, moyennant la créetion de |’ espace sémantique appro-
prié.

Ajustement des parametres du logiciel
Cette section décrit deux principaux parametres du logiciel. Le premier
paramétre et le seuil d'importance du contenu. Le deuxiéme paramétre et la
longueur du résumé a produire. La section se termine par |’ appréciation du
degré de difficulté du logicid.

Démarche automatisée d'identifcation du contenu le plus important

d un text.

Au sain de cette méhode, le jugement humain n'intervient jamais dans la
détermination du contenu important du texte a résumer. Les éapes mathéma-
tiques qui suivent decrivent I’essentiel de cette démarche.

1. Diviser le texte en sections S 1. . Sn.

2. Pour chague section S du texte, ladiviser en phrasesd, &2, ... sm.

3. Opérer les comparaisons C 1 = cos(sL,S), C2=cos  (s2,S),...Cm= cos
(sm, S).

4. Choigr laphrase § telle que cog(§,S) = max(CL1.. . Cm).

5. Prendre les n phrases obtenues et les réunir pour former un résume.

6. Sauil i = coy(résumé, S).

En somme, le systeme décompose le texte origind en sections sdon les
sousitres. Ensuite, il identifie les phrases composant chague section. 1l pro-
duit un indice de smilarité sémantique entre chaque phrase et la section d'ou
ed tirée la phrase. |l choigt ensuite la phrase qui affiche la plus grande smila:
rité avec sa section. On joint ces phrases les plus représentatives de leur sec-
tion pour obtenir un «résumé typique». La derniere éape sert a déerminer le
seuil a atteindre pour chaque section du texte a résumer, ¢ est-a-dire le con-
tenu minimal qui doit ére présent dans le résume de I’ utilisateur du
Professeur.

Cette démarche est déterminante pour I’ efficacité du logiciel. En effe, la



La Latent Semantic Analysis 187

mécanique du Macro-Professeur oriente | utilisateur vers la production d'un
résumé dont le degré de smilarité sémantique avec le texte origina excéde
celui du contenu déterminé par la présente démarche. C'est en quelque sorte
un seuil qui déermine atificidlement la proportion du texte a résumer qui
condtitue sa macrostructure. Plus ce seuil est deve, plus petite est la portion
du texte qui renferme sa macrogtructure. Par conséquent, la partie du texte
origind a négliger dans le résumé prend de I’ampleur. 1l est possible gu'un
sauil plus devé favorise I’ utilisation de Sratégies de haut niveau dans I'dabo-
ration du résumé.

La contrainte de longueur du résume a produire

La contrainte de longueur est fixée empiriquement dans le cadre de cette
étude a environ 7.6% de la longueur du texte origind. Par exemple, le sujet
qui choigt le texte portant sur I'intelligence artificielle (2392 mots) doit pro-
duire un résumé comportant entre 250 et 300 mots.

Degré de difficulté du logiciel

Le sauil symbolisant le contenu minima que le résumé doit contenir ang
gue la contrainte de longueur du résumé congtituent les deux paramétres per-
mettant de fare varier la difficulté de la tache. Le sauil déerminé par la
méthode décrite précédemment impose de ne retenir que I’ information la plus
importante du texte a résumer. La contrainte de longueur, quant ale, impose
la formulation concise et précise du contenu important du texte a résumer.
L’ gustement actudl de ces parametres, I'un automatiquement et I’ autre empi-
riqguement, font de la tche proposée par Le Macro-Professeur un défi exi-
geant pour les éudiants universitaires, qui met a I’ éoreuve leurs capacités de
compréhension en lecture.
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Inventeering A Problem-Solving Approach to Teaching Technology Grades
[-8 2000, by Bob Comey and Norm Dde, Trifolium Books Inc. Toronto,
Canada, 132 pages ISBN 1-55244-014-|

Reviewed by Paul Laing

Bob Comey worked as a wood patternmaker for The Steedl Company of
Canada before obtaining a teaching certificate. He taught for both the
Widlington Board of Education and the Ped Board of Education. Bob is
now a part time ingructor a OISE/UT in the Initid Certification Program
for Technological Studies. Norm Dae worked as a congtruction eectrician
for ten years before becoming a teacher. He ended his career as Consultant
for Technological Education for the York Board of Educetion. Both authors
are now retired.

Inventeering opens with a statement of the authors assumptions that
many eementary teachers need assstance in meeting the technology re-
quirements of the new Ontario Curriculum since they lack training and
ills in the area of technology. The authors are aware of crowding of
curriculum and demands on teachers time for implementing new things.
This legitimate concern is met by the fact that they take some time to show
how technology can enhance and support the teaching and learning in other
curriculum aress.

Section one of the book provides an overview of Design as a Process
and some of the congderations in teaching process. Sections two through
five provide needed information on tools, materias, and safety. The safety
aspect is gppropriately and well emphasized in Bob and Norm'’s book.
While experienced science and technology teachers will be familiar with
this areq, the target audience (generd teachers incorporating and teaching
technology for the first time) will welcome information in the area of safety.
Section gx briefly, and with effective diagrams, explains the use of a
number of tools and congtruction techniques. Throughout the book the line
drawings used as illugtrations are both clear and serve well as aids in under-
ganding the text.
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In section eght, the authors review ample machines including levers,
whed and axles, and gears and cams. Section nine follows with a brief
discusson of energy and control systems. Badic ectricity and hydraulics
are covered. At this point, in this easly read and understandable book, the
teacher has enough background information to work with students in the
desgn and meking of some ample devices fulfilling the teaching of tech-
nology requiremen.

A most welcome section is nine, which provides a number of gp-
proaches to assessment of student progress in the technology area. The
range varies from checklists to detailed rubrics for evauating both the
product and the process. Included are methods for evaluating a student’s
participation and contributions to the group’s effort and product. This
section ends the firgt haf of the book, which provides background informa:
tion, theory and rationae for teaching technology and the approaches
suggested.

The remainder of the book provides specific chdlenges for students in
technology grouped by grade level and matched to areas of the Ontario
curriculum. The authors provide activities with clear directions and dia-
grams that help explain the steps and techniques. Clearly, the authors took
into account the needs of children, as the activities for younger grades are
more teacher directed and those for older children alow for more crestivity
as children gain knowledge of tools, materids and congtruction techniques.
However, the activities are not so rigid that teachers cannot improvise and
modify according to their strengths and those of ther students. Included are
sample letters to send to parents to help collect materias needed. Through-
out Inventeering, safety is emphasized, as is the fact that there may be more
than one solution to a problem.

At the end of the book several Internet resources are provided as well as
a three page ligt of books containing ideas on making things. An additiona
four page ligt of books useful in the classroom is included. Inventeering is a
book that would be a good addition to any school’s or any teacher’s profes-
sond library collection.

Reviewer
Paul Laing is a vice-principad with the Greater Essex County Didtrict
School Board, Windsor Ontario.
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