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1. Intr oduction

Mathematics AwarenessWeek was founded in 1986 by the Joint Policy
Board for Mathematics (JPBM) as a public relations e®ort to increaseap-
preciation for the power, scope and beauty of mathematics. In 1999, the
campaignwasextendedto Mathematics AwarenessMonth, held annually in
April.

Each year, Mathematics AwarenessMonth is the responsibilit y of oneof the
three organizations that make up the JPBM: the American Mathematical
Society (AMS), the Mathematical Association of America (MAA), and the
Society of Industrial and Applied Mathematics (SIAM). For MAM2000, that
role fell to the MAA.

Math AwarenessMonth always has a theme approved by the JPBM as a
whole. Themes in the past have included \Mathematics and Symmetry",
\Mathematics and Finance", and \Mathematics and the Internet". In 1999
and 2000, the ¯rst-named author was President of the MAA, and he sug-
gested\Math SpansAll Dimensions" as the theme for 2000. This concept
was approved in May 1999and the preparations began.

The centerpiece for each MAM campaign is a poster, designedto be dis-
played in classrooms and on bulletin boards at collegesand universities,
to draw attention to the theme and to lead students and teachers to delve
further into the topic by reading ancillary materials, usually in the form of
short essays on sheetsdistributed along with the poster. For MAM2000,
we decided to design and implement an electronic poster that would put
the additional materials directly at the hands of the viewer, and appeal to
audiencesat di®erent levels.

The key metaphor for the electronic poster is that of an Advent Calendar.
Such a calendarusually is madefrom cardboard, containing small rectangles
numberedfor the days of December leading up to Christmas. The rectangles
are °aps, and each day one°ap is openedto revealsometoy or other present,
a promise of things to come.

Our idea was to createan electronic analogueof such a calendar,with small
rectangular icons or pictures that could be selectedto open up more and
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more information and further links. Other imagesand words on the poster
would be \liv e" aswell, inviting exploration into other aspectsof the theme.
From the beginning, we intended to develop a central geometricobject that
would organizethe theme, accompaniedby pictures of individuals associated
with \Mathematics Across All Dimensions".

Figure 1. The prin t version of the MAM2000 poster includes a refer-
ence to the electronic version [11], where each picture and caption is a
link to more information.

From the outset, the two authors collaborated by phone and email to bring
this idea to fruition. The production of the MAM2000 poster involved a
number of challenges,both technical and organizational, and the story of
its development and implementation is the subject of this paper. In the
sections below, we treat both the technical aspects and the ones dealing
with the participants.

2. Beginnings

On oneafternoon in the fall of 1999,when the ¯rst-named author wasvisit-
ing the secondat Union Collegefor a day, many of the basicdesigndecisions
fell into place. First, we settled on the central organizing image, a \cornu-
copia" formed by expanding circles perpendicular to an exponential spiral,
somehow symbolizing the progressionfrom zeroto four dimensions. Our ini-
tial sketchessuggestedthat the poster should be horizontal rather than the
usual vertical arrangement. The practical size for a bulletin board poster
was set at 1100by 1700, so ours was 1700by 1100. For mailing purposes,the
poster would be folded so it could ¯t in a standard envelope. We wanted to
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avoid having the creaseintersect the central cone in an inconvenient way,
and that determinedthe imageplacement in our design. Finally, wesketched
out the arrangement of pictures around the cone,aswell asthe placement of
acknowledgements and sponsorships.Remarkably enough,that initial basic
sketch survived all the re¯nements and changesthat we made over the next
six months.

The selection of spokespersonswhose picture would appear on the poster
raised somechallenges.We wanted to be unapologetically representativ e in
our choices,with respect to ¯elds and applications, and alsowith respect to
age,gender,and race. We had a good pool to choosefrom in all categories.

Paul Tukey is the father of interactive multidimensional analysis. He had
participated actively in our 1984interdisciplinary symposium, \F rom `Flat-
land' to Hypergraphics". He was happy to be included, but he felt that
he would not be able to contribute much that was new. We already had
material from him for the earlier symposium and we were counting on help
from other researchers in exploratory data analysis. That set up the ¯rst
picture in the 0-dimensionalsection, subtitled \Math MakesPoints".

Thompson Webb I I I is a colleagueof the ¯rst author in the GeologyDepart-
ment at Brown University who has participated in a variety of interdisci-
plinary activities related to spaceand time. He contributed a major section
on core-sampleresearch in paleoecologyto the author's volume Beyond the
Thir d Dimension [2]. This section maps the prairie-forest boundary within
the midwest United States over a ten-thousand-year period by analyzing
fossilized pollen concentrations in yearly depositions in lake beds. Since
that chapter and its associated materials were already prepared, this was
an obvious choice for the beginning of the 1-dimensionalsection, tentativ ely
titled \Math Rules".

Geri, the star of the Oscar-winning short animated ¯lm \Geri's Game" [9],
alsomaking a guestappearancein the feature ¯lm \T oy Story I I" [10], is the
only ¯ctional person pictured on the electronic poster. Tony de Roseand
Ed Catmull of PIXAR Studios met the author at a conferenceon computer-
aided geometric designin November 1999and both agreedto participate in
the project. They arranged to have Geri featured on the poster, with links
to articles on the useof mathematics in computer animation, in particular
the frontier research topic of subdivision surfaces.It wasa de¯nite plus that
someof the imagesin the article about subdivision surfacesrelated directly
to the Ph. D. thesis problems of both authors. This was the ¯rst topic in
the 2-dimensionalsection, tentativ ely titled \Math Plots and Plans".

Edwin Abbott Abbott is the only deceasedperson who was chosento ap-
pear in the gallery. As the author of Flatland [1], he is the founder of the
dimensionalanalogy for understanding and communicating betweendimen-
sions. In addition, just the previous year we had assembled materials for a
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Brown University Library exhibit, \ Flatland, a Millennial Book" in conjunc-
tion with the MAA 1999MathFest held in Providence,RI. We already were
committed to producing interactive Internet-basedmaterials connectedwith
the publication history of Flatland and the life and times of its remarkable
author. We previously had accumulated a great number of links about this
topic, in particular electronic recordsof ¯nal projects by students in the ¯rst
author's frequent courseson \The Fourth Dimension".

Julie Strandberg, chief choreographerat Brown University, is another long-
time collaborator of the ¯rst author. An account of her dancecomposition
\Dimensions", a retelling of Flatland themes,already appearedin a section
of Beyond the Thir d Dimension [2]. There wereother links available to sites
on modern dance,and symbolic notation for classicaland modern dancesin
a variety of cultures.

Marjorie Senechal is a world leader in mathematical crystallography and an
organizer of a major conferenceon polyhedra. She agreed to write about
her recent work and to provide photographs of a collaboration with the
mathematician and sculptor Helaman Ferguson. This last topic, with its
connectionsboth to planar tilings and to solid crystals, is the bridge to the
3-dimensionalpart of the poster, with the title \Math Shapes".

Arlie Petters, a mathematician specializing in astronomy, speci¯cally in the
theory of gravitational lensing, has interacted with the ¯rst author for a
number of years, and he had produced excellent visual presentations of his
work. Despite a busy schedule, he was quite willing to participate and to
help us ¯nd links to other related sites.

Michio Kaku, author of the recent volume Hyperspace [6] and numerous
other writings on modern mathematical physics, had contacted the ¯rst
author concerningbackground imagesfor a television interview. He wasalso
happy to participate and suggesta number of links to other sites, although
he did not have time to develop new materials for the poster.

Je®Weekscould be counted on to contribute at all levels since he already
had produced impressive and accessiblematerials on topology and geom-
etry, especially in three and four dimensions. He had just been named a
MacArth ur Fellow, and he waswilling not only to appear on the poster, but
also to help with the writing and the production of the interactive applets
for viewing 4-dimensionalphenomena.His section ¯t in with 4-dimensional
geometry, with the title \Math Expands".

MadeleineL'Engle is a colleaguewith whom the ¯rst author has worked for
years,primarily in connectionwith her extremely well-known prize-winning
book, A Wrinkle in Time [7]. For many students, this fantasy wastheir ¯rst
intro duction to the fourth and higher dimensionsand to the 4-dimensional
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Figure 2. The pageabout Je®Weeksde-
scribes him and his work, and includes
links to software that he produced, arti-
cles in which he is featured, his book The
Shape of Space [8], and movies related to
that book.

cube, also known as the tesseract. One of her granddaughters, who is cur-
rently helping her with her projects, was very encouragingand helpful in
arranging for her participation in the poster. There were many links avail-
able for this site, including a ¯nal project by a group of students in a course
the ¯rst author taught at Yale as a visiting professorin the fall of 1998.

All of the contacts with thosewho appearedon the poster weremade in the
mid-fall of 1999. Aside from their connection with dimensionality in their
work, the participants have a number of other things in common. First, the
¯rst author had worked with all of them over the yearsand had maintained
good contact with them. This wasessential consideringthe short amount of
time we had for assembling the list of participants. Second,most reported
that they had little or no time to work on producing anything new for the
project, so it wasclear that we ourselveswould be doing most of the writing
and producing demonstrations.

Only one personwho had beencontacted declined to participate, since the
work of that person over the past ten years had veered away from topics
connectedwith the theme of the poster. That meant that there was one
slot left to be ¯lled. Several colleagueswho were consulted suggestedthe
sameperson for a position in the 1-dimensionalpart of the poster, namely
an applied mathematics and engineeringprofessorwho was also known as a
champion drag racer! Richard Tapia wasrecommendedaswell for his exem-
plary work for accessto higher education for Latino and Native American
students, and he saw this poster as ¯tting in with his work on several levels.
His assistant provided us with excellent materials for the poster.

Our selectionprocessfor the personsto appear on the poster was now com-
plete, with a few months still to go.

The next task in the project was to make arrangements with the MathFo-
rum [12], which had provided the web server for earlier Math Awareness
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Month (MAM) materials. This becamea straightforward matter, without
complications, due to the excellent work of GeneKlotz, with whom we had
worked on other projects over the years. Although our conceptof an interac-
tiv e electronic poster was orders of magnitude more involved than previous
MAM e®orts,we received full cooperation from the MathForum leadersand
technicians in setting up MAM2000.

In recent years, there has beencorporate sponsorship for the MAM poster,
and this year negotiations were already underway with Wolfram Research,
Inc. The basic concept that we proposedfound favor, and we worked with
Paul Wellin for the next several months on various aspects of the project.
One that took more time than we expectedhad to do with the central image.
We had producedour protot ype using the CenterStage program developed
by the second-namedauthor, but it was consideredappropriate to render
the central ¯gure using Mathematica. One of the designersat Wolfram also
proposeda central imagealong with a color schemeand background design.
Thesewerebrought, along with the sketch by the authors, for consideration
by the sponsoringJoint Policy Board for Mathematics. That body accepted
the color and background proposedby the designersfrom Wolfram, but they
preferred the simpler central ¯gure of the authors as ¯tting in better with
the theme of proceedingthrough various dimensions.

3. Technical Development

Once the nature of the central ¯gure wasdetermined, we proceededto work
on several levelssimultaneously. We¯nalized the mathematical designof the
exponential cone and worked on the layout and organization of the poster
itself. We beganaccumulating photos of the participants, and we produced
drafts of the pagesdescribing the people and their work. The majorit y of
the pageswere written by the ¯rst-named author, assistedat various times
by Je®Weeksand Marjorie Senechal. As the pagestook shape, we began
the search for appropriate links to add to these pages. Several students in
the ¯rst author's classhelped to identify these links, and Frank Farris not
only located materials but also helped to designa pageof resourceson two-
dimensionalpatterns. The secondauthor handled nearly all of the technical
aspectsof the site designand implementation, organizingthe layout of all the
pages,and producing the movie clips that are part of the site. Most of the
interactive applets were produced by students at Brown University, while
one applet for manipulating the hypercube was developed by Je® Weeks
speci¯cally for this project.

To indicate the progressionof dimensionsalong the central cornucopia im-
age, we employed a seriesof di®erent forms along the central exponential
curve. We represented zerodimensionsby a string of points along the curve,
becoming a thickened curve to depict one dimension. For two dimensions,
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we displayed the curve together with a segment along the principal normal
vector (the segment in the plane of the velocity and accelerationvectors of
the curve, perpendicular to the velocity vector). The segment was centered
on the curve and we choseto have it grow linearly rather than exponentially ,
for artistic reasons.To represent three dimensions,we usedcircles centered
on the curve in planes perpendicular to the curve, with radius continuing
to grow linearly. We usedan exponential spiral with a carefully chosenex-
ponent, and a linear function determining the radii of circles so that this
conical surfacewould open just the right amount for the spaceavailable on
the poster. Although it is not immediately apparent, the exponential spiral
is not a curve in the plane but rather a spacecurve, where the third coordi-
nate is a linear function of the parameter that de¯nes the curve. This helps
create the e®ectthat the cone is \op ening up" at the end, so that we can
seeinto it. The viewer is encouragedto imagine how the cornucopia would
continue into the fourth dimension and higher!

In the ¯nal electronicversionof the poster, the formulasweusedare included
in one of the links that appear when any point on the central ¯gure is
selected. In all of these pages, we attempted to describe the objects in
ordinary languageinitially , but provided the more sophisticatedreaderwith
the opportunit y to obtain progressively more technical discussionsof the
material. We reproduce the key paragraphsof that analysis here [13]:

To describe our central image in technical language, we have to
de¯ne a central curve X (t) over a parameter t. The curve we chose
is an arithmetic spiral lifted onto a cone,with equation

X (t) = (t cos(t); t sin(t); ¼t):

The radius function r (t) that describesthe expanding conearound
this spiral is given by r (t) = 0:8e0:6t .

As t goesfrom 0 to ¼=2, we show a number of points on the curve.
From ¼=2 to ¼, we show the curve itself, actually represented by a
thin tube.

From ¼to 3¼=2, we show a \normal strip" of the form X (t)+ r P(t)
where r goes from ¡ r (t) to r (t). Here P(t) corresponds to the
principal normal, a unit vector perpendicular to T(t), the unit
tangent vector of the curve, and lying in the plane determined by
the velocity and the accelerationof the curve.

From 3¼=2 to 2¼, the ¯gure is an expandingcone,or \cornucopia".
The equation of the circular slice for each t is

X (t) + r (t)(cos(u)P(t) + sin(u)B (t))
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where B (t) is the unit binormal vector perpendicular to T(t) and
P(t), and where u is a parameter that goesfrom 0 to 2¼.

Thus the image grows not only in size,but also in dimension.

As we¯nalized our designfor the central cone,webeganto put the imagesof
the participants in place on the poster. This was an evolving process.New
pictures were added as we found them and obtained permission to include
them. We produced a preliminary poster using low-resolution imagesfrom
the web as a sampleto show to the JPBM at their December 1999meeting.
After the design was approved, the MAA selectedthe poster as the cover
art for the ¯rst full-color issueof their newspublication Focus [4] in March
of 2000. The choice was made just a few days before the ¯nal artwork
was neededby the publishers, so we had to move quickly to get everything
together in time for their deadline. In particular, we did not at this point
have any of the high-resolution versionsof the imagesof the participants.
Remarkably, we were able to obtain photos or scansfrom everyone within
just two days of our request! This allowed us to put the ¯nal print version
together in time for useby Focus. Their original designcalled for the poster
to be used for both the front and back covers (the 17£ 11 image would be
folded in half to form both covers); but the large end of the conemade for
a lesssuccessfulimage than we had anticipated, and the editors decidedto
put the entire poster on the front cover. The reducedsizewould have made
the imagesof the participants too small to reproduce well, so we choseto
print only the central conetogether with the wording from the poster. The
result wasextremely successful,and generatednumerousrequestsfrom MAA
chapters and other organizationsto usethe imageon their own publications.

Final touchesweremadeto the poster during the following week,and by mid
February the main poster was ready to go to print. An initial run of 4;000
posters was produced and mailed to mathematics departments in colleges
and universitiesaround the country . A secondrun of 120;000wassponsored
by the MAA and the National Council for Teachersof Mathematics (NCTM)
and mailed out to all NCTM members during the ¯rst weekof April.

4. Putting it All Together

Once the print versionof the poster wascompleteand at press,we were left
with a month and a half to put the electronic version together before the
April 1st opening date. In reality, we neededto be on line much earlier.
All parties concernedwere anxious to have a version available before the
beginningof April, especially sincethe site had beenannouncedin the March
issueof Focus [4]. The needto make as much of the site \liv e" as possible,
while still allowing for rapid changeand protot yping kept both authors very



MA TH AWARENESS MONTH 2000: AN INTERA CTIVE EXPERIENCE 9

busy (while they were performing normal teaching duties in addition to
developing this site).

Our vision for the design of the interactive web site was basedon several
themes. First, we wanted a multi-lev el approach, through which any reader
could have accessto general information about the topics of interest, and
could continue to follow links that would bring them more deeply into the
subject. Thus, for example, someoneinterested in the main cornucopia
image could click on that to get a general description of the object, and
then could follow additional links to the details of the equations involved,
or to movies and interactive versions of the cone. A person interested in
dancecould seephotographs of a dancesequence,or sites devoted to dance
notation or ballet.

Figure 3. The page of movies for
the central cornucopia provides these
movies in several formats, and de-
scribes what player is neededfor each.

Second,since the site was to be accessedby students in classrooms around
the country , we wanted the pages to load quickly and be viewable by a
wide variety of browsers. This meant that we wanted to use a minimum
of \cutting-edge" HTML features, to make the material accessibleto the
widest possibleaudience,while still forming an attractiv e site. Aside from
the opening page with its large image of the poster, most pagesused only
small imagesthat download relatively quickly. Furthermore, large or time-
consumingitems, such asmovies and Java applets, do not appear unlessthe
reader speci¯cally requests them. For example, the movies of the central
coneappear on a separatepagespeci¯cally for thesemovies, not on the one
linked to the conefrom the main poster. This approach alsomadeit possible
to provide the movies in several formats, sothe readercanselectthe onethat
is most appropriate for his or her connection and software con¯guration.

Third, we wanted to be sure that there was a consistent \lo ok and feel" to
the site. In particular, we wanted all the pagesto have connectionsback
to the main poster page and the MathForum. Since many userswould be
arriving at the site by following links from search engines,it was crucial to
give them a clear idea of where they had arrived, and how the page they
found ¯t into the structure of the MAM2000 site. We wanted to avoid the
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frustration of landing on a page that does not provide any connectionsto
the rest of the material at that site.

We paid particular attention to the navigation buttons for our site. The
headerwas designedto make it easyto move from pageto pageor back to
the home page. These buttons were placed at the top of the page, so that
they could be usedwithout the needto scroll the page,and they are small
and unlabeled so they don't take up much room. At the bottom we placed
similar buttons, this time including the titles of the pagesto which they
refer. They are at the bottom, so that someonewho has read through the
document would not need to scroll back up to the top to get at them. We
included the titles at the bottom of the pageaswell, to givemore information
about possiblecontinuations.

Fourth, we wanted to use the structure of the site to mirror the structure
of the material being discussed. The main theme, that of the sequenceof
dimensions, appears in several placeswithin the poster. We have already
seenhow the cornucopia displays this progression. Originally , we imagined
that there might be a sequenceof imageson the poster itself, going from a
point to a segment to a squareto a cube and then to a hypercube, perhaps
sitting inside the cornucopia. This idea wasabandonedsinceit was felt that
the designwas already quite busy, and it becameclear that it was possible
to develop this and other notions in a seriesof small essays directly acces-
sible from the labels \0d", \1d", and so forth. Each of these short essays
gave an overview of the imagesassociated primarily with that dimension,
and intro duced somefurther analogies. In each casethere was an attempt
to distinguish between the \in trinsic" dimension of an object and the \ex-
trinsic" dimension of the \ambient space"which contained it. The intrinsic
dimensionof an object is the number of parametersnecessaryto locate each
point along the object, while the \extrinsic" dimensionof an object in space
is determined by the number of coordinates in the spacewhere the object
is situated.

In addition to being linked to the dimension labels on the main poster,
each of these essays was linked to the next. In a similar way, we linked
sequentially the pagesabout the various people featured on the poster, so
readers could continue to the next person without having to return each
time to the poster itself.

One more sequenceof this sort was developed within the dimensional es-
says connectedwith the \dimensional buttons" labeled \0d" through \4d"
on the poster. These include a sequenceof interactive demonstrations on
rotations of cubes and hypercubes. In dimension two, a square with four
vertices(§ 1; § 1) can be rotated while a matrix shows the coordinates of the
imagesof the ¯rst and the secondbasis vectors. A similar demonstration
in dimension three represents a cube with its eight cornersat (§ 1; § 1; § 1),
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and allows the viewer to rotate the cube interactively and seethe rotation
matrix involved in producing that view. Finally, a demonstration for the
hypercube extends theseideas into the fourth dimension.

Figure 4. This Java applet demon-
strates rotations in four dimensions;
the matrix at the bottom shows the
current rotation. The instructions for
the user are to the right of the applet,
and a mathematical discussionfollows.
This page is link ed to the applets for
the other dimensions, as well as to the
essay on the fourth dimension.

Sincethesedemonstrations are Java applets, they appear on pagesof their
own, complete with instructions on how to use them, and are linked from
the essay on the appropriate dimension; but they also are linked to each
other so that a user can go easily from experimenting with one dimension
to investigating the analogousphenomenain the next.

Figure 5. Several chapters from pub-
lications about dimensions are repro-
duced here, for viewers who are inter-
ested in more extensive details.

Another important portion of this site is not linked directly to the poster it-
self, but appearsin the list of links below it. This is the collection of \essays
on dimension". Two chapters from the ¯rst author's book, Beyond the third
dimension [2], are reproduced here. We were able to obtain an electronic
copy of the text from the publisher (with their permission), and since the
second-namedauthor had produced the line art for the book, we were able
to regeneratethese images for the web fairly readily. Several pictures re-
quired more work, however; thesewere originally produced using programs
that were no longer available to us, and so they had to be reproduced in
more modern software. For example, the three imagesshowing the swallow-
tail catastrophe surface are not the original onesfrom the book, but were
recreatedspeci¯cally for the MAM2000 site.
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Similarly, a chapter from On the Shouldersof Giants [3], published by the
Mathematical SciencesEducation Board of the National Research Council,
also is included in this collection. Again, the text and graphics had been
produced by the authors, so we were able to create the pagesand images
for the site quickly. The last essay, A. K. Dewdney's \F our-Dimensional
Dementia" [5], originally appearing in Scienti¯c American in 1986,required
us to scanthe artwork, producing somewhat lower-quality results.

Figure 6. This list, available from Mar-
jorie Senechal's page, provided links to
a number of internet sites about two-
dimensional patterns. There are lists lik e
this on several other pages,as well.

Theseessays provide more extensive background for those interested in pur-
suing the idea of dimension further. Other resourcesare included in the
form of lists of videotapes about dimensions, titles of books about dimen-
sions,and links to web sites related to dimension.

5. The Final Touches

As April approached, the web site began to receive more attention from
outside readers. To make it easierfor other sites to link to the MAM2000
poster, we provided MAM2000 icons in several sizes,together with HTML
code that could be copied directly into a web pageto produce a link to the
MAM site. Thesewere usedby dozensof math departments in conjunction
with their Math AwarenessMonth activities, and the imagesalso appeared
on other math-related websitesthroughout the country .

Figure 7. This image was made available for web ad-
ministrators to include on their mathematics pagesas a
link to the MAM2000 site. We even provided the HTML
code to make the link.

One of the original issueswe facedwhen we beganto develop the MAM2000
site was how large to make the main image. We wanted the poster to be
able to ¯t on the small-sized screensat schools with fairly old equipment
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(e.g., screensthat are 640£ 480 pixels). On the other hand, we wanted to
provide a larger image for those with accessto larger screens.We endedup
providing three separatesolutions to this problem.

First of all, we produced the main image in three di®erent sizes,612£ 396,
765£ 495 and 918£ 594. The viewer could switch between these sizesby
clicking on one of the \p oster size" buttons to the right of the image of the
poster. Thus if the user wanted to usea larger (or smaller) version, it was
possibleto selectthe most appropriate one for the equipment at hand. The
pageswere set up so that going back to the home page would bring the
reader back to the size last selected.

Second,we arranged that when the MAM2000 home pagewas ¯rst loaded,
it would run a JavaScript program that would attempt to determine the
size of the browser's window and select the largest of the three sizesthat
would ¯t comfortably on screen. This works properly for Netscape and
Internet Explorer, provided JavaScript is enabled; the correct page would
be selectedautomatically without the user even being aware that a choice
was being made. For those without a browser that processesJavaScript (or
who have it turned o®), the 612£ 396 version would be usedby default.

We gave visitors with a small screen, who would like to seean enlarged
version of the poster, a third mechanism to make this possible. To the right
of the poster are a set of small icons representing four quadrants of the
poster. Clicking on a quadrant enlargesthat region of the poster by a factor
of two in each direction. All the links to portions of the poster that appear
on a magni¯ed sectionstill work, and the viewer can move directly from one
quadrant to another without returning to the full poster.

Figure 8. Visitors to the MAM2000
site can choose to enlarge one quad-
rant of the poster. The links from the
poster are all still available, and any
of the other three quadrants can be se-
lected via the buttons at the right.

While it is somewhat risky to make web pagestoo \smart", this scheme
seemsto have worked out well. The browsermakesan educatedguessabout
what size and view the user wants, and then that size can be modi¯ed as
desired. Those with older browsers(which do not processJavaScript) can
still have accessto the larger sizeswithout even knowing they are missing
anything.
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With these ¯nal changesin the last week of March, we were ready to \go
live" on the 1st of April, as planned.

6. The Site in Use

The openingof the MAM2000 site on April 1st wasa success,and wereceived
numerouscomplimentary mail messagesthat month. We were eagerto see
the usagestatistics collected from the log data from the web server, and
were kindly given the raw data by the sta® of the MathForum. It is not
easy to interpret such information, however. Most people simply discuss
\w eb hits", which is the total number of ¯les shipped by the server, but this
is a poor measureof the usageof the site for a variety of reasons.First, each
image on a page is shipped separately, so a page with many pictures will
generatemany hits, arti¯cially in°ating the hit count. Similarly, a single
Java applet may causethe downloading of numerous .class ¯les. Second,
many web-basedsearch enginessendout \rob ots" to read pageson the web
so that they can be indexed and included in the search engine'sdatabase.
Someof these robots are quite aggressive, reading the entire web site on a
regular basis. Such hits should not count as \real" hits, since they don't
correspond to peopleactually reading the web site. Depending on how well
linked to search enginesa site is, this can be a signi¯cant portion of the
tra±c from the web site. Finally, becausebrowsersand proxy servers can
cache commonly loaded pages,the log data may not include all the times
that someusersactually do view the pages.

For all these reasons(and more), any web log data should be viewed with
a healthy doseof skepticism, and used only as a rough idea of the actual
usage. Filtering the data to attempt to remove the e®ectscan make a big
di®erencein the results. While it is fairly easy to remove imagesfrom the
hit count, there is no reliable way to distinguish \real" hits from thosemade
by automated robots, and no way at all to count the hits that are serviced
by cachesand proxy servers.

Rather than a pure hit count, a more interesting statistic would be a \ses-
sion count" indicating how many people viewed the site over a given time
period. Such information is extremely di±cult to comeby (without special
server software). The information in the log says that a ¯le was shipped
to a particular machine at a particular time, but one can only make edu-
cated guessesabout when several such events ¯t together into one \session"
by a single user at that machine. One approach is to use the times that
the ¯les were sent to a given machine, together with information (not al-
ways available) about the previous pagebeing viewed by the user to try to
piece together the sessions.This is somewhat inaccurate, but does give a
reasonablesenseof the number and length of sessionsfor the web site.
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In our case,the data obtained from the MathForum included hits to other
parts of their web site that neededto be removed, and seemedto be missing
someof the hits to the MAM2000 pages.(Log data indicated that a link was
made from another pageof the MAM2000 site, but no record was included
of that page being served to the indicated machine.) The following data
givesthe best information we have about the usageof the MAM2000 pages.

In the month prior to the o±cial opening of the site, we averagedabout 800
(non-robot) sessionsor about 2;100 (real) pagesper week. Not surprisingly,
in the ¯rst weekof April we reached our peak usageof about 3;900 sessions
(16;000 ¯les) per week. The following weeksshowed a decreaseto 3;100,
2;800, and 2;300 sessionsper week, and after April, there was a signi¯cant
drop o® (as expected), to about 500 sessionsa week during the following
month. The total usagein April was approximately 12;200 sessions(52;700
¯les), or about 400 sessionsa day of around 4:3 pageseach. The usageby
robots climbed steadily in the month of May, until it accounted for about a
third of the total usageof the site, with more than 1;500 ¯les being shipped
to over 30 di®erent robots per week.

7. Conclusion

Going beyond the traditional poster format to an electronic document in-
volved a number of challengesto be met over a short period of time. Al-
though the MAM2000 poster is still accessible[11], the number of visitors
is down to a very small number. The ephemeral character of the project
becomesclear as current visitors encounter more and more links to external
sites that simply do not work. We tried hard to keepthings operating dur-
ing the actual Math AwarenessMonth, and for the rest of the year 2000,
but now it seemsinevitable that the outside links will decay faster and
faster. Thus it is hard to archive this kind of electronic document. To
achieve any permanence,we would have to collect all the ¯les to which we
linked, a di±cult task under any circumstancesfor a project of this size. It
would have been impossibleto securethe required permissionsto accumu-
late these¯les within the time frame for the project. We hope sometimein
the future to explore creating a permanent, self-contained version of such a
two-dimensional window on \Math Across All Dimensions", basedon our
experiencewith Math AwarenessMonth April 2000.
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