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Abstract—We discuss here an ongoing experiment and questions are communicated and answered by
which uses ASciencePad [1], an adapted version of Tid-yoice, or using e-mail, web forms and chat forums,
diyWiki [2] as a support for teaching/learning physics hyt seldom stored and/or converted to a structured
(elementary and advanced) to engineering students. form, like for instance a FAQ table

ASciencePad is a “live math notebook” that is editable . L .

with a modern browser and includes a WYSIWYG editor Th|§ almost one-w_ay communication is rather

with mathematical formulas and SVG plots. It allows Unsatisfactory, especially when teachers and stu-
also the inclusion of JavaScript simulations, that can be dents come from a very different background, like

easily edited by users and therefore can be used as ain our case of teaching physics for two master

playground for computational experiments. Our graph |eve| courses in environmental engineering. Stu-
drawing extension allows the construction of graph maps dents’ feedback, possibly in the form of an edited

of the learning paths to help the student navigate through . . . . .
the notebook topics. frequently asked question (FAQ) list, is a didacti-

This client-side tool is complemented by a wiki-based Cally valuable tool. _
server-side system, for handling files, permissions, and In the past, we have experienced several forms

integrating this tool with an existing distance-teaching of cooperative communications, mainly centered
framework. Our ASciencePaQ—pased solution may be seenground thewiki concept [3]. As shown by the
therefore as a “detachable wik". Wikipedia experience [4], the wiki-way may pro-
Many of_the present server-5|de_ tools, r_1ame|y_ a system mote the elaboration of very high quality mate-
for generating and managing multiple-choice quizzes, are " o)
being ported to this new architecture. rial through the self-organization of a group of
users. However, the present wiki systems exhibit
some drawbacks for our goals. In the first place, a
WYSIWYG, mathematical-enabled wiki with math
formulas, plots and charts is not yet available. We
|. BACKGROUND also wanted to include in the notes live computer
Teachers notes and students’ annotations agxperiments, in order to provide students with all
comments are usually two separate pieces of infdlhe necessary tools for their study.
mation. The former are mostly written and distrib- In the past we have developed a set of tools for
uted in an immutable form, often in electronic fornovercoming these limitations, mainly using server-
and using a web page as a distributing medium. Sside techniques or Java applets, implemented on a
dents’ annotations are generally taken on paper anilely available wiki system (TWiki [5]), which

rarel}/ captured in di(%ital form. Students’ comments used, at different levels, by some 200 teachers
-4244-0406-1/06/$20.00 ©2006 IEEE.
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and 5000 students in the Engineering Faculty gasy integration of multimedia and interactive tools

Florence [6]. The usage level, both of teachers agelg. applets). WYSIWYG andATgX documents

students, is however mainly limited to file sharean be easily converted to HTML, with results of

ing and institutional communications concerningarying quality.

courses. The system is considered unnecessarilyn any case, the organization of notes is usually

complex and awkward to use, both due to tifixed, i.e. they have to be read linearly. Only the

historical wiki “simplified” formatting rules and to HTML version promotes the use of aetworked

server response delays. structure of hyperlinks, which is however difficult
Even worse, the requirement of a permanetf read and improve, due to the loss of standard

Internet connection, a condition rarely fulfilled insearch tools ansgliew organizers

a classroom or in a typical student’s house, is felt

as a very displeasing constraint.

B. Multimedia Presentations

_ _”' | NTRODUCTlo_N o _ The two most widely used approaches to produce
_ Teaching science, and especially physics, is tradasentation slides in the scientific environment are:
tionally done using chalk and blackboard. Notes ajfinq 4 WYSIWYG editor such as Microsoft Power-
usually written in ATgX and distributed on paper. pgint or OpenOffice Impress, or usiMggX with a
However, this approach is far from being satisyiiaple package [12], [13] in order to produce a pdf

factory. First of all, teaching is more effective using|ije show, to be presented using Acrobat Reader or
audio-visual support, like images, movies, animgz, s

tions, even thoggh slide shows cannot (’:ompleterThe first approach is more flexible, and allows the
replace handwriting. From the students’ point %

i h is the d df | y clusion of several different media types, like for
VIew, : ere IS the demand 1or complementing Prossiance movies. Yet, it has portability problems,
fessor’'s notes with their own annotations.

since presentation software (especially Microsoft
PowerPoint) is known to behave inconsistently with
A. Course notes respect to different versions and different architec-
Teachers usually produce notes, usififgX, or tures. Itis also a closed format, with no guarantees
some WYSIWYG editor like Microsoft Word orto be maintained in the future. The OpenOffice
OpenOffice Writer. ATEX notes are usually distrib-format (among others) is open, but not widely
uted in PDF form, and thus are not modifiable gddopted yet and still in its infancy.
easily annotated by students. In additiofigK is The second approach is much more portable,
not well known among students. Microsoft Word, osince pdf is an open, widely adopted, standard.
the contrary, is widely available but the proprietarWriting slides with £EIgX can be quicker than the
format is not easily portable and the mathematicafiting a presentation if one uses a uniform layout,
rendering is quite poor. OpenOffice Writer or othetses slides with a lot of mathematics and/or has
WYSIWYG editors are good but not widespreacdlready available the text a3EX material. The out-
HTML is an open standard, very well documentegut is rather good-looking and essentially platform-
portable and easily modifiable by users. Standalotnglependent. It lacks some feature like fancy tran-
WYSIWYG HTML editors (like Microsoft Word) sition effects or animations/movies. It complements
are however targeted to produce static pages, amdy well with printed (or pdf) notes.
may produce non-portable code. Recently, browser-Finally, one can use HTML, with a suitable
based WYSIWYG editors have appeared, either davaScript library and CSS support [14], to as-
a replacement of textareas [7], [8], [9] in forumsemble slide shows that only require a browser
and wikis, or as a complete client-server applicée be seen. This approach may be complemented
tion [10], [11]. On the other hand, direct editing ofvith JavaScript support for writing formulas, using
HTML source is not feasible. The present HTMljsMath [15] or AsciiMathML [16], and in gen-
implementations suffer from the lack of a stareral make use of all tools available to browsers,
dardized way of inserting mathematical formulage SVG vector graphics (possibly generated using
(MathML is not yet widely supported), but allow theAsciiSVG), Flash or Java animations, etc.
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Fig. 1. AsciencePad: a TiddlyWiki with math formulae, SVG function plots and WYSIWYG editor
C. Distance support collaborations, and may be complemented by other

For distance teaching or distance support, tﬁ%ols like polls, Java dra\_/vi_ngs, etc. It is glso quite
teaching material is usually made available foiMple to transform a wiki page to a slide show,
download from a web site. Many popular browse@'d Some wiki systems (TWiki) implement a custom
allow one to open presentation or pdf files directi§erver-side plugin for this task. The advantage of
in the same windows as the web pages, thus makfis @Pproach is that it allows a moremocratic

the transition almost invisible. For HTML presentalintéraction between teacher and students.

tions this step is trivial. However, the present editing interfaces are rather

However, while these approaches are essentigfymbersome. The editing interface generally implies
specialized to presentation, they are not easy to (188 switching to a different view of the material,
in cooperative work or discussion. Students canr@id the writer may easily “loose the point”. Even
“naturally” annotate slides with mathematical com¥hen sectional editing is used to edit just part of a
ments, drawings, etc., reorganize the informatidifg€ (like in Wikipedia and TWiki), this approach
flow and integrate it with other material like theyS not fluid enough (being generally implemented

are used to do with notes taken by hand. as an http server transaction) and impliesoatext
switchingthat does not allow one to edit the section

_ while looking at the surrounding text. This problem

D. Web and human interface can be solved by using inline sectional editing, like

A rather different approach for distance teaching Quirksmode [18], possibly complemented by a
goes through interacting web tools, either speciaMYSIWYG HTML editor. Another promising on-
ized for e-learning [17] or more generic, like blogline approach would be an Ajax-based WYSIWYG
forums, chat rooms. One of the most promisingage editor.
tools is a wiki system, i.e. a web site in which Yet, not all students have a permanent inter-
pages may be directly edited in the browser usimget connection, and normally they would like
a simple syntax, and converted to HTML by a rerte study on their laptop while they are off-
dering engine. This approach has been made widéhe, so the tools/web pages should be download-
popular by Wikipedia. It is particularly suited forable/detachable.



E. Learning by Experimenting Wiki “wiki-in-a-page”, a nonlinear personal note-

Physics is better learnt by experiments, eith®POK [2]. TiddlyWiki is originally a personal
of “physical” or computational nature (numerical TML/XML notebook whose interface, with edit-
experiments or animations). The best experimer§ and navigation is provided by JavaScript. It is
are those that allow the student to tweak the pgtganlzeql as a sort of rolodex classifier, whose c_ards
rameters and the implementation itself, whileow (called “tiddlers”) can be opened, closed or edited
only experiments add little to the lesson. inside the .browser. It runs on aI_I major mode_rn

Support for experiments may be in the forrRrowsers, is open software and is actively main-
of written “how-to”, in order to allow students totained and developed. A plugin mechanism allows
replicate existing experiments at home or in a lab, Bt €asy extension with new tools, like calendars,
may be in the form of @omputational environment toolbars, etc., using the JavaScript language.

ranging from generic programming language with |t appears like a standard HTML page, that can
suitable libraries, to more specialized environmentse downloaded to the personal computer and than
A HTML-based how-to may take advantage Ofccessed later while off-line. Changes are saved
the presence of movies and of simulations. Cor]bca”y in the HTML file. The page provides a con-
putational experiments preferably should not makgitation framework with full-text search and orga-
use of a specialized environment, and should allgylzational instruments. A plugin mechanism allows
students to put their hands into the code. Finalle easy extension with new tools, like calendars,

all experiments can take advantage of a collabgylbars, etc, using the JavaScript language.
rative environment like a chat room (possibly au-

dio/visual), forums and FAQ compilations. Images and other objects (like applets for in-

stance) could in principle reside inside the html

page using the Data URL scheme [19]. This solution

] . o however is limited to the Firefox browser [20],
In summary: the ideal tool for multimedia, interjmjies the generation of large files and prevents the

active, distance learning of scientific topics mcludegaching of images and applets. We therefore choose
« Support for multiple media (rich text, imagesa multi-file approach, striping CSS and JavaScript

movies, animations, sound...). resources (and images) off the HTML file.
« Visual instruments for rearranging views.

. Mathematical support.
. Drawing, chart, plots.

F. Summary of requirements

Since all elaborations are performed client-side,
the consultation/annotation is extremely fluid and
. Custom and modifiable animations. the server stops being an interaction/performance
. Support for presentation, notes and minutes Pottleneck. There is no standard mechanism yet for

. Collaboration, annotation and sharing of conftPl02ding the material to a web repository, but sev-
eral adaptations have been designed to implement

ments. :
. Off-line and personal consultation/elaboratiorfMs Phase.
« Support for computational experiments. The innovative points of this approach are:

« Fluid interface for editing, rearranging etc.

In the following, we report the results of « The possibility of personal views and reorga-
some ongoing experiments done using AScien- nizations of material.
cePad/TiddlyWiki in teaching physics. The exper- « Personal notes, organized either per-topic or
iments in progress include teaching elementary scheduled per-lesson.
mechanics and thermodynamics, and intermediate Off-line elaboration.
statistical mechanics and Diffusive Processes ine Support for HTML objects.
university level courses at the Engineering Faculty . WYSIWYG edit of the page.

in the University of Florence. « Large number of plugins to extend the note-
book functionalities.
[1l. THE TIDDLY WIKI APPROACH . Easy access to JavaScript code to program

An innovative approach has been suggested Small computational experiments with SVG-
by the introduction of Jeremy Ruston's Tiddly- based display.



A. Anatomy of a TiddlyWiki the files downloaded. The student’s notes can be

Technically, a TiddlyWiki is just an HTML pagee.ither “private” or “public”, the f!rst ones being
with a rather large JavaScript section that takes ciféwable only by the student, while the others are
of displaying all the contents, and provides the intef?@de for public consumption, and thus can then be
active tools for their manipulation. The actual tex@®€n/downloaded by all users, or can be collected
of the page is not immediately visible. It is store@Nd manipulated by the teacher to produce a FAQ
in a set of invisible DIV elements, called “tiddlers”©r {0 €nhance the course notes. _

The content of the DIV tags is wiki text, i.e. text 1h€ last missing feature of this approach is the
with a simple markup language, similar to (oldy@y of handling th_e updates of the JavaScript code,
emails. When the user clicks on a tiddler name to>° Stylesheets, images and of teacher’s notes, and
show its content, the JavaScript rendering machif@W to feedback communication (questions).
translates the wiki text into HTML. The text may he ASciencePad separation of JavaScript code
also contain macro fragments that trigger the actiof8d CSS stylesheets from the HTML file, and
of subroutines. Other tiddlers are interpreted ast? Separate storage of images make the updating
stylesheet or a JavaScript plugin. procedure of these topics trivial. o

When the user asks for a tiddler to be edited, FOr content updating, we have adopted an existing
this is replaced inline by a form, and the user plugin for the selective inclusion and dump of
presented with the original text. The interaction witHddlers, and used the existing TWiki as a file server
the system is very fluid, as the rendering framewofR communication. _ _ _
is updated dynamically by the JavaScript rendering"ecessario per forza! This extens_,lqns will make
machinery. |t.p055|t_)le_ to “detach” a set of TWiki pages as a

Several navigation tools are already availabddlyWiki, or to upload a dump of TiddlyWiki
to browse the tiddlers. The user can do full-tef{ddlers to a set of TWiki pages.
searches, or can browse the history of last changestnally, we are porting a system for the manage-
The system also lists orphans and missing tiddleP8ent of mathematical multiple-choice quizzes, that
i.e. tiddlers that are not hyperlinked to other oneS€S TWiki as a user interface, to TiddlyWiki. The
and links pointing to non-existent targets. Tiddler@dvantages of this are, for the teacher, the possibility
can also be “tagged” using keywords that may ser@& Writing and checking new problems when off-
to classify topics, so that the user can do tag-badif, and for students the opportunity of using the
navigation. By leveraging the structure of hyperlinkduizzes for self-assessment. Moreover, quizzes can
and tags we are developing tools that show whi&$ used as a navigational guidance system rein-
topics are pre/post-requisites of a given topic, thfRrcing the student’s notions by introducing self-

building a learning path guidance system to tHRssessment questions that link either to explanations
student, as shown in Figufé 2. of a wrong answer or to the following lesson.

The wiki server allows us to cooperatively
) ) _ o exchange annotations, questions and suggestions
B. Client/server interaction and coordination among students and with the teacher. Moreover,
To enable collaboration and sharing of persontidis integration makes it possible to include our
notes, a server-side repository of the TiddlyWikiandomly-generated parametric quizzes [6] or to
notes is needed. In facts, we consider a TiddlyWikienerate a TiddlyWiki notebook through the auto-
as a “detachable Wiki” that allows off-line edit andnatic selection of topics tailored to specific stu-
collaboration among different users. dents [21]. The system selects coherent sets of pages
Our initial design uses TWiki just as a contenvhere all the prerequisites of the course’s target
manager, to keep track of the files needed bypages are present. This (recursive) selection process
TiddlyWiki stored in the system, and to allow upstops when the pages known by the student are
loading and unpacking of student-annotated noteésached. Redundant pages (pages that present the
The personal notes added by the student would $&me concepts of other pages) are also selected to
collected as a separate TiddlyWiki attached to tlemrich the presentation variability of the course. An
student’s personal page. Next time a student geistional optimization step can be applied to remove
the notes, his personal annotations are includedsome redundant pages and obtain a course that
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Fig. 2. The concept graph around the “Random walk” tiddler.

minimizes one of several possible weight functionthe TWiki pages for the exchange of teaching ma-
e.g. to obtain: a fast course (minimum total timejerial and collection of questions.
an overall easier course (minimum total difficulty), The collected opinions and the usage patterns
a course without too difficult explanations (miniare much more promising than with the “older”
mum maximum difficulty), etc. To help the studeninterface. The students and the teacher particularly
navigating the notebook we have developed a grapppreciated the possibility of downloading the ma-
map tool showing the course learning paths inducéstial, with the non-linear way of reading typical of
by the prerequisiterelation, see Figurg] 2. a wiki. We still have no data about the acceptance
of the mechanism for cooperative collection of

IV. OUTCOME feedback and questions.

The response by selected users has been enthusi- V. CONCLUSIONS
astic: the interface is fluid and responsive, and alsowe are developing a physics “live notebook”
quite usable and portable. Moreover, since it rufisr creating course notes that students can tweak
locally in the browser, it may be carried away, eveand interact with to increase their understanding of
on a memory stick, edited and used as a supppHysics.
tool in classrooms without requiring a permanent We are completing a cooperative version of the
Internet connection. It also makes it very easy twtebook, by making it a “detachable wiki” of a
use JavaScript as a computational language: itsist of pages of a standard Wiki server so that it's
sufficient to enter the JavaScript code in a “tiddle#asy to share the student notes and to coordinate the
and mark it as an executable tiddler using a specialtebook editing.
tag. We are integrating a course configuration tool
We surveyed user’'s opinion and suggestions f(iogether with appropriate navigation aids) to build
two selected physics courses, one at elementa@grsonal notebooks depending on the student’s ini-
level (first year) and the other at higher level (firgtal knowledge and the course target knowledge.
year of the second-level degree, corresponding toAlthough quite preliminary, it seems that the
fourth year). These courses used, in the past yeatsategy of local storage plus occasional commu-



nication, and the dynamical character of Tiddly19] Data URI schemehttp://en.wikipedia.org/wiki/

Wiki favors its acceptance by students and teachers, Pata.__URL —
. . . e[ 0] FireFox browser, http://www.mozillaitalia.org/
When extended with mathematical notation, numer-"

ical and graphing tools, TiddlyWiki may be used agi1] A. Sterbini, M. Temperini, “A logical framework for course

a live dynamical and upgradeable textbook. This configuration in e-learning”, Pro¢nternational Conference on
' . .- . Information Technology Based Higher Education and Training
approach complements well with traditional wikis. r/ieT) 2003 Marrakech. Morocco, 2003.

Currently we are using our system on an experi-
mental basis in two physics courses for engineers
at the University of Florence.
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