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1 Overview

1.1 The tutor-web

=

Department
e afreely accessible resource

e can store all educationaiate-
rial used in a classroom

Tutorial
e provides on-line evaluation.

e adatabase involving the struc-
tured storage of text and fig-
ures using predefined formats.

Lecture

e Everything else is a "view"

Slides Further info into this database.

Quiz question
-
e in Plone: has access control,
E improved instructor access

The tutor-web is dreely accessible resourcgvhich can store all educational material used in a class-
room and provide on-line evaluation.

Think of the tutor-web as a database involving the structsterage of text and figures using predefined
formats.

Everything else is a "view" into this database.

Since it's implementation in Plone, the tutor-web now haseas control, so instructors have full control
over their own tutorials.

The important design aspects are to take into account ainmbtvhich an instructor needs.

For general usefulness it is important to have material amget the views needed to inspect, utilise and
modify material - but all the views are secondary since thay @lways be changed. Although this is
considerable work it is trivial compared to entering theadat

The possibilities involved with the system (new views ete) @ompletely dependent on the initial defi-
nition of the database being sensible.

1.2 Slide content and structure

The slide is the center and can contain text
and figures. The slide links to various other
pieces of information.

The tricks:

e All content is interlinked: ex-
amples, detail, handouts, ...

e All "source" is accessible (R
commands, LaTeX code etc)

o Predefined formats only (but
many)

This text part of this slide
is in structured text, a format
commonly used by program-
mers. For see the "Alterna-
tive" link of the web-page.

When the instructor/author has time on his/her hands, tthesstan be augmented with addiitonal detail



such as the proof of a theorem etc. In this case the detaibpat the slide is used.

Note that the detail portion of the slide is accessible ag@bwn the web pages but is normally also a
part of the printout.

Some programs which handle electronic slides call this fert‘handout”. That is somewhat of a
misnomer since these are really just additional notes to igfo the slide and is normally limited to
about half a page.

This particular detail section is simply written in “plaiext” since there are no equations, bold symbols
or bullet points.

Example: Each slide can have an associated example portion wheretheravould insert examples
relevant to the topic in the slide. Sometimes the examplalghadso be shown in the slide presentation
in which case it is placed in the explanatory portion whicksloot show up on paper.

This example is written in LaTeX and allows arbitrary formsisuch as
o q 2
2

—o0 21

For the really diligent author the tutor-web has the optiéra dandout section for each slide. The
handouts are pretty much freestyle and can span severa.pllgey are good for inserting long-winded
explanations of a proof, quoting a long legal text and schfort

1.3 Using the tutor-web

Fulluse

e In-class slides: Replaces other
electronic slides

e In-class material: Distribute
book-version of tutorials

e Home studies: See same
slides, look up detail, exam-
ples, handouts

e Evaluation: On-line multiple
choice quizzes

Other options via completion of certain tu-
torials/quizzes

e Use as prerequisites for taking
a real-world course

e Use as prerequisites for taking
an exam in a real-world course

Still other option
e Just get free textbooks

e Point a good student towards
further material

e Suggest a prerequisite tuto-
rial before taking an advanced
class

o Suggest remedial measures if
a student has problems
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1.4 A student’s view
1.5 The instructor’s view

1.6 Partnerships

20+ instructors from 18 countries

1.7 Low-income areas

Many (most?) current partners are in low-
income areas

Obvious benefits from free material
Access to special tutorials for good stu-
dents

Access to tutorials for remedial math

A student will flip to a lecture, possibly
looking at the slides, and then proceed to
take the quizzes.

Note that the student sees the same slides
at home as in class - and has full access to
all class-based material.

In the Plone version: Click on the teacher
view button.

An authorized instructor can then see and
edit all components of the slide.

A student can use this view to see all the
components.




1.8 Conclusions

2 The content

3 A project proposal

3.1 Executive summary

The “tutor-web” is a system for computer-assisted edunatial research on education, both for in-class
use and for remote learning. The system is free and includepdssibility of a student taking exams.
Instructors anywhere can set up, exchange and use teachiegiah

Development will include complete material for courses shdiry science; for an undegraduate degree
(BSc) in mathematics; and for a graduate degree (MSc) inegptatistics.

Although the system will not confer formal degrees, uniitexs around the world can use degrees
or grades from the system for their own purpose, whether eequisites for entrance or as course
equivalents.

Future hardware upgrades and research will be funded bysgbam the system will mostly be self-
sustainable like other open systems such as WikiPediaidoethttp://www.wikipedia.org}. An impor-
tant difference between the “tutor-web” and Wikipedia iatthince the “tutor-web” is designed in part
for in-class use, content is “moderated”, i.e. only “instars” are permitted to insert material. Fur-
ther, although the basic concept of an on-line universitgaaly exists in several forms, none of these
encompass the simple requirements of being freely availgibbviding complete access to all material
and providing evaluation (see section \ref{sec:uniquépe reason for the reluctance to do this may be
simple conflicts of interest as the parent universities n@y@alise how the potential benefits of access
to the “tutor-web” outweigh any potantially negative aggec

The following short list identifies the essentials of thisposal:

\fbox{\parbox{15cm}{ {\bf Primary goal:} Build an active web-based university.\\ {\bf Impact claim:}
This has the same potential impact as Wikipedia: Providesssslfor exchanging teaching material;
provides a basis for students to take on-line graded exandgrprivileged students and universities
gain free material, evaluation schemes and cooperat{liof. ®ther goals:} Evaluation of methods for
on-line testing; Obtain a critical mass of students usimgststem; Obtain a critical mass of participating
university lecturers using the system.\\ {\bf Staff:} Suppstaff, computer programmers, PhD students,
postdocs, faculty.\\ {\bf Deliverables:} Tutorial seques for two university degrees.\\ {\bf Milestones:}
Registration procedure available for a degree includingmete course listing; Student registration
reaches 1000; Teacher participation reaches 100 actigbaesa\\ {\bf Publications:} Monographs on
design; papers on case studies on low-income countriesypap how learning is affected by different
quiz designs; } }

In simple “open source” scenarios such as when individuedsfree to write software to their own

liking, there is little need for outside grants, but somerfaf funding is generally needed. The project
presented here is a combination of research on computisteakeducation, development of a freely
accessible cyber-university and R\&D on the use of thisesyst low-income countries. Funds raised
will be used for {\bf research} on how the “tutor-web” can bé&e implemented in several settings,
including low-income countries and as a {\bf catalyst} tatie@ partners to participate in providing

content, e.g. by funding graduate students of individualifs.



3.2 Historical notes

Experience defines the current project

o The system must be very mod-
ular, based on open standards
and provide access to raw ma-
terial

e Most of the work is in the
preparation of material, not in
programming.

e Large pools of instructors are
willing to cooperate. Students
and retirees can assist with
material.

e Students will go to extremes
to obtain a high grade. Most
students prefer web-based
grading to homework.

e Web-based quiz schemes
should be dynamic so stu-
dents can keep requesting
quiz questions.

e Grading schemes are more
difficult in the web-based en-
vironment.

e Low-income situations need
to be researched for the poten-
tial level of cooperation.

The “tutor-web” has been developed by several teachedgsta and programmers based on experience
gained by instructors while teaching university coursegieing presentations at several universities
while funded by several funding agendiePresentation experience taken into account when desjgnin
the “tutor-web” includes regular classroom teaching tigfopublic presentations to highly variable au-
diences. The corresponding material includes a varietgmts (mathematics, fishery science, applied
and theoretical statistics, computer science and evendssproposals).

The “tutor-web” has also been used as a vehicle for researedocational methods and can be used to
develop presentation schemes, evaluate grading scheniegeaneration methods and so forth.

Some fundamental conclusions have emerged as a resulsafitink and these are used to define the
current project:

e A system intended to store all teaching-related infornmatiaust be very modular and based on
open standards. An open-content web system needs to prastéss to raw material, not just
presentation-level material.

e Most of the work involved in setting up a working system ishe preparation of material, not in
programming.

e Large pools of instructors are willing to cooperate on téagimaterial but do not have the facil-
ities to do so. Teachers require a user-friendly interface §tudents generally do not). Students
and retirees can assist with much of the material, givenigte environment.

e Given the means, students will go to considerable extremebtain a high grade. Most students
prefer web-based grading to homework.

e Web-based quiz schemes should be dynamic so students qarekgesting quiz questions until
they have learnt the material.

e Grading schemes are more difficult in the web-based enviesinMore thought is needed than
randomly handing out quiz questions.

1See acknowledgement section



e Low-income situations need to be researched for the paidatiel of cooperation. Some can
clearly become providers, some can utilize material butisppeolutions may be needed in some
cases.

These claims are described in detail (and justified wherdesden this proposal and form the basis for
the research and development proposed here.

An important conclusion from the above is that (1) furthesegrch is needed to evaluate fundaments
of the on-line quiz concept and potential for low-income @ation, (2) cooperation on a large scale is
needed for content development and (3) by adding contemtttior-web” can become a free on-line
university

3.3 Introduction

This project consists of three main compo-
nents,

e research on computer-aided
education,

*development of an on-line
system of education and

e implementation of a free on-
line university.

This project consists of three main components, researclmputer-aided education, development of
an on-line system of education and implementation of a freér® university. A considerable portion
of this work relates to low-income education, includingltung bridges for cooperation, case studies in
low-income areas, research on which methods can be useddh etivironments and so forth.

This proposal contains R&D-work on general methods foratissation of teaching material, including
self-evaluation, information storage methods and conrghdsed presentation to students at any level.
The resulting open-source and open-content “tutor-web’ahgo been used for research into educational
methodology.

This documents contains the project proposal itself aloitly background descriptions of the “tutor-
web”, which is to be used as a development platform.

The possible impact of the methodology is tremendous sineeontent is stored under open-access
licenses and this has the potential of giving low-incomentoes access to first-class material and
enhancing cooperation of instructors across continetits ctirrent (pilot) “tutor-web”, already contains
considerable material in several fields of study, e.g. a 15¥Qourse on fish population dynamics
used in the United Nations University Fisheries Traininggpamme (UNU-FTP).

The impact of the “tutor-web” in a single course in a westdassroom can be considerable. This will
be dwarfed by the international impact of having open compaided instruction available for the high-
guality course-based MSc degree in applied statisticstaBEc degree in mathematics to be designed
in this proposal. Taking this up one level, the potentiaketffof the “tutor-web” on collaboration,
entrance tests and education in low-income countries camuoh greater than that again.

Section?? provides a short synopsis of the proposal. Sect@ulescribes the current state of affairs
along with general principles which need to be followed feveloping a general-purpose educational
web for storing and presenting all material as wel as beiregl dier testing and grading students. This
section describes some of the differences between tha-ttvgb” and other approaches.

Section?? describes the current “tutor-web” design itself whereagives some of the next steps in its

2European Credit Transfer System



development.

Web content will be developed in this project, including eleping complete material for two university
degrees. This will be implemented through a strategy whichltines research, studies and generating
material as described in secti@f.

In order to specify what kind of research is important, someqgiples of web-assisted education need
to be laid out, as is done P? whereas the proposed research is described in se2tion

Section?? describes the approach which will be taken first in terms séaech and subsequently im-
plementation of the “tutor-web” in low-income situatioriginally, ?? describes the other extreme, i.e.
near-term development of the “tutor-web” for the high-tedlations, such as high-resolution screens
and mobile phones.

Annexes give detail on issues such as cost estimates, thgroand of the principal investigator, the
research environment and so forth.

3.4 Project synopsis: Computer-assisted learning

e research aspects include: for-
mal evaluation of the learn-
ing involved in using different
procedures for on-line and in-
teractive testing.

e technological  development
includes:  developing com-
pletely open  web-based
university-level graduate
degrees.

\label{sec:synopsis} The research aspects of this prdposkde formal evaluation of the learning
involved in using different procedures for on-line and ratgive testing. The technological development
includes developing completely open web-based univelsitgl graduate degrees. The work will be
based on the pilot “tutor-web” \citep{stefansson2004tywaejveb-system of education for in-class use,
remote learning and research on web-assisted educatiasyBtem (in its pilot version) allows any
teacher to use any material in class, and any student ty fredl the material or take quizzes to obtain
grades. This system will be further enhanced within theqargsroject to include complete programmes
in the form of a course-based BSc degree in mathematics aktSardegree in applied statistics. This
will be done through the use of faculty and graduate studantarious countries around the globe as
well as all postdocs and PhD students in this proposal. Téieréisult will be on-line course material in
graduate-level statistics available to universities diavide, permitting e.g. an understaffed sociology
department to direct students to take an on-line tutorialantingency tables \— free of charge.

The “tutor-web” has already been used for evaluating simgsgearch questions such as whether there
is any gain from using such a system in conjunction with asttasm (the answer being very positive).
It has been found that students tend to take on-line quizzesisiastically and tend to try to continue
until the maximum grade is obtained, if this is permittedh&tresearch questions abound, however,
the most obvious being how to select questions to give tcestiscand how to evaluate their grade in a
dynamic environment where it appears to be optimal to pestuients to repeat requests for questions
ad infinitum. Earlier analyses of “tutor-web” data have bbased on contingency tables along with
(generalized) linear models but future analyses will beetla® specially designed experiments where
mixed effects models will play an obvious role.

In a social research context, the present proposal will g¢a@& more general test-bed for evaluating
how on-line quiz material can be utilized. The first such, tegthin the project, will be a non-statistical
(qualitative) social study on how low-income participargspond to a requirement of the form “You do
not have the requirements for entry into this program, but will be considered for entry when you



complete course X on the tutor-web with a grade of Y”. The samgroach will be tested on active
graduate students who lack background in maths or statslbasaen UNU FTP students.

The proposal contains a strategy to recruit academic siofesls and students from Europe (in partic-
ular Iceland and Romania) and beyond (including South Acaersia and Africa) to use and add to
the “tutor-web”.

Since the “tutor-web” is based on a formal database degmnifit is possible to view content in various
ways. A particular future option will be a view into the systdor portable devices such as palm-
top computers or capable mobile phones. This will enableotiten of downloading or interactively
answering quiz questions while commuting on a train. Sudionp (along with streaming audio or
video at the high end) clearly show the educational potkotithis project. The project will also lead
to considerable future research, in particular on pretientanethods and testing schemes. Since the
“tutor-web” is free for the student it is a minor requiremémdt students should agree to participate in
such experiments, which can provide massive data on stuelgmbnses to different strategies.

3.5 Computer-assisted in-class learning

\label{sec:cae}

{\bf State of the art} Currently most of the world’s teachipgobably uses a blackboard and chalk
whereas the western world is moving towards whiteboardsp@nd along with (electronic) slide pre-
sentations in many cases. Handouts on paper are commormlwitbetextbooks. Homework, quizzes
and exams are used to monitor progress.

Elaborate uses of electronic media abound but most usestohthe lecturer making electronic slides
available in electronic or paper format (see referenceste{stefansson2004twe}). This applies to the
actual use of most commercial and open-source systemsbleatoday. Such uses are not of much
interest since they merely give the student access to copsiles presented during class. Similarly,
storing handouts on-line are rather petty uses of the wedtisnpial. In either case nothing is gained
over and above simply distributing paper versions in thestlaom. To use the possibilities of the web
a system should interlink the material and add options fstirig.

The same comments apply to most on-line testing schemesary nases these are merely repetitions
of paper schemes, i.e. a student is handed a fixed set of guatid required to solve the test in a given
amount of time. Although this may save instructor-times tives no credit to the immense possibilities
in the interactive nature of the web.

Many theories and models are available of how students l@adnmany approaches have been sug-
gested on how to change a student’s learning experiencenpiysto drastically change approaches to
teaching (with a given purpose in mind). Thus, \cite{mo@@2her} discusses “transformative learn-
ing”, but \cite{felder1988lat} take a more formal approachdefining key dimensions of learning and
teaching, indicating how a teacher can get the attentiotl sfuadents by catering to how each “type”
of student learns. In many cases distinctions are made batwaditional schools and adult education
\citep{mezirow1981cta} but this distinction is blurredtime case of undergraduate and graduate studies.

It will be seen in the following that the principles underigithe “tutor-web” provide all the function-
ality needed in a classroom, e.g. interlinked electrorigiesl and handouts, with corresponding quiz
guestions.

{\bf Licensing and formats}

The Internet has adopted certain standards for distriputontent. These are all according to open
definitions which anyone can access. For this reason anyonfeely obtain programs which can read
and write such content. This is important for two reasonsilassroom may not be able to afford the
most up-to-date version of a word processor and a propyiéamat will eventually become obsolete

leading to loss of text. Unfortunately web-based system&flucation have generally ignored these

10



rules of the Internet and proprietary internal solutionguaixl.

Similarly, any closed licensing rules to software implyttha instructor wanting to enter information
can not do so without purchasing up-to-date software arsdghinacceptable if global participation is
wanted.

{\bf Features of systems} \label{sec:features}

Different systems for computer-aided instruction havéedént features. The following compares a few
of these features and illustrates how some alternativesystompare with the “tutor-web”\footnote{See
http://tw.raunvis.hi.is:8080/tutor-web-info/docs flurther information}. Later sections describe the
“tutor-web” in more detail.

Content providers include connexions\footnote{httpwtwconnexions.org/} which allows the storage
of educational content such as the tutorials on the “tuteb’w It does not, however, include quizzes,
slides, portability between systems or open standardsoimeat (which are neede for complete porta-
bility from the teacher’s application to the end producinfed or web page).

In particular, connexions does not automatically suppafdX which is essential to obtain a large base
of math instructors.

Connexions and the “tutor-web” do, however, share the ideaing small parts of lectures as a knowl-
edge unit. In connexions these are called “modules” wheredise “tutor-web” these are the “tutorial”.
A course in the real world will typically consist of severateks of lectures, e.g. 12 weeks of lectures
with 4 lectures per weeks or 30-50 lectures per course.

Attempting to set up an on-line version of a complete cousdberefore quite prohibitive for an indi-
vidual instructor in any given year. A tutorial on the othank typically consists of only a few lectures,
e.g. 4-10 lectures, i.e. 1-3 weeks of lectures. Setting unapaiter version of such a small subset of a
course is a much more feasible undertaking. The tutoriatlvarefore also be on a more isolated topic,
which can also be more easily reused in several differensesu

Atotally different approach is taken with the Educommong®@ourseWare (OCW)\footnote{http://cosl.usu.edukxty/e
approach used by many universities, including the Massattainstitute of Technology (MIT)\footnote{http://oawit.edu/(
Utah State University (USU)\footnote{http://ocw.uswéddex/ECIndex\_view}, Johns Hopkins Bloomberg

School of Public Health\footnote{http://ocw.jhsph.€darid others. The difference between this and the

“tutor-web” is best put on the MIT web-page, when referringhie the OCW at MIT ... “It is a shap-

shot in time of how a particular subject was taught by a paldicmember of the faculty in a particular

semester...”. Notably these tend to be PDF files contairénwte slides and notes, not suitable for

editing by others and thus permanently static. This is useéterial, but not the kind of material best

suited for collaboration and exchange of teaching mateiitél the intent of also enhancing it.

Finally, one should note that content providers do not trgfter evaluation of students, i.e. there is no
grading mechanism nor are credits given in any form. Theetuftutor-web” has a grading system for
tutorials and this will be developed into a complete grading credit system for courses as a part of
the research proposed here.

Encyclopedias on the web include Wikipedia which is exatttt: A free and publicly available ency-
clopedia on the web.

Alternate systems include Moodle\footnote{http://mamdtg/} which is not as tightly integrated as the
“tutor-web” and relies on a fairly different philosophy aging content, presentation and interactions
between instructor and students and Wikiversity\footfidtp://en.wikibooks.org/wiki/Wikiversity}, a
Wikipedia university which only stores content. A compangootnote{http://tw.raunvis.hi.is:8080/tutor-
web-info/docs/docs/comparison.html} is available witbiemmary below.

These alternative sources of information are opportuiigher than competitions and the “tutor-web”
should include links to such information sources. The ‘ttwteb” has facilities for such links and in-
structors designing a tutorial are encouraged to includeslio such material, whether alternate tutorials

11



such as Connexions or OCW, or encyclopedic entries. Nqt#idge links are set up in such a way as
to pop up in an isolated box so as not to lead the student toastaay from the main theme of the
tutorial. Methods should preferably be developed to extrformation from tutorials from the tutor-
web into connexions or other similar facilities, based oprapriate agreements. If detailed lectures on
the “tutor-web” are used as content for connexions pagédh, lvéick-reference, this providing implicit
advertising for the “tutor-web”. Several format-conversissues need to be resolved before this kind
of exchange can become a reality.

Several on-line private and closed-source/content tivida also exist. These are not really competitors
with the “tutor-web”, but notice should be taken of some & #pproaches used. Most of these systems
require extensive instructor-studentinteraction (mbaatin a regular classroom) and this is not accept-
able in most scenarios. However, a few systems have beetodedepaying great attention to detail
and learning theory. Most of these systems appear to beyrsglicialized and only applicable for the
narrow topics for which they were designed.

As described in detail in the following section, the “tuteeb” design has the unique\footnote{On

unigueness, see \cite{stefansson2004twe} and http://ags/S\sim$gunnar/grants/tw for links and

comparisons with other systems.} approach of interlinkifig@ducational material to be used in a class-
room with the purpose of easing the burden of the instruatdrenforcing learning insomuch as this

is possible. Since the “tutor-web” is open and lecturersestaw material on the web (rather than PDF
files), this permits other lecturers to either participatenodifying content or to copy lectures and use
them in new ways. The web pages are open to any student andtiostwho can openly access the sys-
tem for viewing and taking exams. These factors work towardsancing teacher cooperation, making
material available to universities with less resourcesma#ling education available to more students
than before.

The quiz aspect of the “tutor-web” forms an entire area oéaesh and development. It has already
been demonstrated that students tend to prefer the on-liizeoger homework. Further, the use of
the on-line quiz has a positive impact on knowledge, as detmated by the statistically significant on-
going improvements while using the web\citep{sigurdatid®®06}. Finally, results from the web-based
quizzes are positively correlated with results from a fin@re\citep{stefansson2004twe}.

Comparisons between the various approaches to storingrasdrging educational content are virtu-
ally impossible since these approaches are based on cetygdéferent design principles, as seen in
section \ref{sec:features}. Notably, however, most systere used mainly for storage of educational
material and at most enable an instructor to download sljdesther material) for presentation in-
class (EduCommons, Wikiversity, Connexions). In spiteh&fse obvious problems, the “tutor-web”
has been compared with other systems both in publicatiotep{stefansson2004twe} and on web-
sites\footnote{http://www.tutor-web.info}.

{\bf Uniqueness}
\label{sec:unique}

The “tutor-web” is intended for handling and storing evligg an instructor might use in class, and
allowing a student to do the same from other locations, akasdbr student evaluation \— and doing
this in a linked manner using only non-proprietary solusion

The unigueness of the “tutor-web” comes from having {\bf aflthe following features: \begin{itemize}
\item Storage of all educational content: \begin{itemi%&m Slides \item Examples \item Additional
details \item Handouts \item Quizzes \end{itemize} \itenor8d material is {\bf linked} and can be
viewed in different ways \begin{itemize} \item As web-stid or PDF-slides \item As booklets contain-
ing slides interspersed with other material \item Othewsgiean be generated \end{itemize}\item Code
is “Open source” \item Material is “Open content” \item So&imaterial is available in raw form, e.g.
\begin{itemize} \item Not just as PDF \item Data behind arage can be viewed by the student \item
Text or graphs can be borrowed for inclusion in another kectend{itemize} \item Students can take
quizzes on-line \item Students can take quizzes repeatedlyresults are satisfactory \item Content is
stored in a modular manner (object-orientated data baee) Tontent can be viewed in different ways

12



(will be user-defined) \item All views are easily modified d¢itemize}

These features are described partially in section \reffagl@sign} but more detail is given in \citep{stefansso@2twe}.

3.6 The design of the “tutor-web”

\label{sec:twdesign}
{\bf Structure: Layout and modularity}

The “tutor-web” can only be superficially described herg,the material is aggregated around slides,
which are grouped with quiz questions into lectures, whigaim group into tutorials corresponding to
a topic (Fig. \ref{fig:twcontent}). A typical tutorial mayasrespond to 5-15 real-world lectures and
hence a real-world course may e.g. correspond to 5-10 &lgoriThis approach makes the tutorials
potentially useable in several courses and easier to satitiglly. Naturally, an intial tutorial may
contain only slides or only handouts etc, eventually baidip over time to include all items used for a
class, complete with quiz material.

\begin{figure}[htbp]\begin{minipage}1.0\textwidth}yegin{center} %\rotatebox{-90H\resizebox{5cm}{!}{\hcludegrap
\rotatebox{0}{\resizebox{13cm}{'}{\includegraphicsfwlayout.eps}}}\caption{Tutor-web structure of
content.} \label{fig:twcontent} \end{center} \end{mingge} \end{figure}

The most important aspects of the “tutor-web” are the oV&gbut and modularity as all possibilities
follow from this layout. The tutorial-lecture-slide setigmne aspect of this structure, where the concept
of a slide forms a certain theme.

Another aspect is how content is laid out around each slideslicdee can have certain pre-specified
features (title, main graphic and so forth). In additionlidesmay contain links to additional material,
e.g. more detail on a topic, examples, handouts or homework.

Every such item handled separately and can be of a pre-gabtyie (whether postscript, latex, R
commands etc) and this forms the essence of the modulaudlgiti@nal types are easy to add, as long
as these adhere to the concept of open standards.

%\begin{figure}[htbp] %6\begin{minipage}{1.0\textwidffPo\begin{center} %%\rotatebox{-90}{\resizebox{5cmH¥\inclu
%\rotatebox{OH\resizebox{13cm}{!}{\includegraphicftt.ps}}} ¥%o\caption{A screen dump of a high-

resolution “tutor-web” screen, % illustrating a slide, theéz and response window etc.} %\label{fig:twscreen}
%)\end{center} %\end{minipage} %\end{figure}

{\bf Linking information}

The structure implies certain implicit links, the obvioweity that slides belong within lectures and quiz
guestions also belong within lectures.

Alternative structures and links might of course be enwskigut the present version is a result from a
multi-year pilot study.

{\bf Views}

The structured and linked nature of this web implies thatesliin a lecture can be printed, 6 slides to a
page (a standard feature); or a booklet can be printed comgeall material with one section per slide,
examples and detail per slide as base material but the siglpigtures (also a standard feature).

As is well-known, web-pages tend not to be of the same quaditg.g. PDF slides. Hence one “view”
of the system is to obtain slides in PDF format.

Alternative views can easily be generated should this biilgeor example, section \ref{sec:userview}
describes how a user might specify a desired design\foefhbisis done e.g. on Facebook, http://www.facebook.org}
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{\bf Navigation: An example from fishery science}

A user enters the pilot version of the “tutor-web” by clicgian\\ \fbox{http://www.tutor-web.netj\\and
is presented with the view at the top-left in Fig. \ref{figgptvise}. To give an example of how a user
might navigate the system, consider an instructor or stisdanting to consider the UNU-FTP “Fish
population dynamics and assessments” course. This coomnsésts of several tutorials in the “Fishery
science department” of the “tutor-web”.

To get there one clicks on the link “Fishery science depantfnehich leads to the page \\ \fbox{http://tw.raunvisisitutor-
web/fishsci.dep/}\\ as indicated in the second panel of ¥ej{fig:stepwise} and from there one goes to

“Yield per recruit analysis”, which again leads to\\ \fodwt{p://tw.raunvis.hi.is/tutor-web/fishsci.dep/120girec/index.htm
and this page which gives an overview of the 5 lectures wittén"“Yield per recruit analysis” tutorial

as seen in the top-center panel of Fig. \ref{fig:stepwise}.

In the top right-hand corner of this page (not shown) is a BiBlE-which downloads a PDF version of
the entire tutorial. This includes all text and slides (&$ b®xes or figures), in this case a small 29 page
booklet.

The first of these lectures is merely an introduction, butkétig on the second gives a detailed descrip-
tion of how yield-per-recruit computations are undertak@licking on this goes into the web-version of
the slides \footnote{http://tw.raunvis.hi.is/tutor-/ishsci.dep/1202yieldrec/lecture20/sl00/slide.khtml
(alternatively one could have clicked on the PDF link to getted, PDF-style slides). Within the web-
slides one can then follow links to go from one slide to thetnkok at examples, background detail
and so forth.

%\begin{figure}[htbp] %6\begin{minipage}{1.0\textwidffPo\begin{center} %%\rotatebox{-90}{\resizebox{5cmH¥\inclu
%\rotatebox{0H{\resizebox{13cm}{'}\includegraphicgstepwise.ps}}} %\caption{Navigating through

fishery science on the tutor-web. A typical % navigation seinis from left to right in the top row fol-

lowed by % right to left in the bottom row.} %\label{fig:stepse} %\end{center} %\end{minipage}

%\end{figure}

Consider the particular slide describing the yield-preugcurve (click on the short-cut “yrcurve” on
the left \footnote{http://tw.raunvis.hi.is/tutor-wdlshsci.dep/1202yieldrec/lecture20/sI90/slide.html})
This figure provides an example of how a student can be givemptzie access to all information under-
lying a plot. If one clicks on the figure itself, the figure aois given in the browser window through the
link \\fbox{http://tw.raunvis.hi.is/tutor-web/fishgdep/1202yieldrec/lecture20/sI90/base.png}.\\ Altgb
this will be made more user-friendly in the future, the piletsion can already give the raw code behind
this figure by merely modifying the trailer of the link fronphg” to “.r"\\\fbox{http://tw.raunvis.hi.is/tutor-
web/fishsci.dep/1202yieldrec/lecture20/sI90/basean}d students tend to find this particularly useful
when studying how to do analyses, plots and so forth.

The extent to which all these options are implemented wikaiirse be instructor-dependent and all
features will only be used in few cases. When teaching by el@rhowever, it is unquestionably very
useful that the student has complete access to all data dedetind the examples which the instructor
uses and presents on a screen.

It has been found that most students tend to want to look aethgamples in some detail and some
students will do this in class, i.e. browse the “tutor-welsbking behind the slides as the lecturer
presents the material.

3.7 Next-generation “tutor-web” design and development

\label{sec:next} {\bf Current development}

The current version of the “tutor-web” at http://www.tuaeb.net along with existing test cases should
be considered a proof of concept from a pilot study. The failhg describes ongoing developmentto en-
hance the “tutor-web”. Section \ref{sec:expansions} diéss further expansions into other languages,
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accommodating a large user base and so forth.

Alpha versions of the new systems, using object-orientdé¢al base systems rather than simple HTML
and perl exist \footnote{see various links at http://wwwdi$\sim$gunnar/grants/tw.}.

{\bf Teacher interface}

A computer programmer will develop the “tutor-web”, incing an easy-to-use interface for instructors.
This work is already underway.

Modifications include much better handling of mathematsyahbols, easier previews, easier text entry,
more format options and so forth.

{\bf User-selected designs} \label{sec:userview} Extems will include user-selected designs, e.g.
lecturers select in-class slide format, students selemteod-view layout (cf view slides, theory and
examples side-by-side) and quiz questions may contairtgrsito explanatory material and/or an ex-
planations for incorrect responses.

Given the work required by the instructor for implementingls features, they will all be optional.
{\bf Evaluation of material}

It is important that errors in material be corrected (or astenoted) and there are several approaches to
this. The simplest is by providing an e-mail address whereesits can report errors in questions and so
forth. This is very useful since it can be quite hard to vehnitydreds of questions but students inevitably
find these errors\footnote{Such error message may have taorbed off or changed to web-reports in
some cases if instructors get overwhelmed by reports whiglklae to difficult questions which are not
errors.}.

Students should be allowed to grade their experience witkniahas in regular “student evaluations of
teachers” (SET).

An important quality feature will be to also allow teacheakation of teachers (TET). This would be a
useful feature in many systems but is quite important wheretmay be many instructors with material
of variable quality. In this case the best approach is tonailfstructors to evaluate (“grade”) material.

The simpest grading scheme for content is automatic andiyeorts the average grade students ob-
tain on each quiz question. This approach is currently usedsure that students end up also answering
difficult questions.

There is nothing wrong with having multiple tutorials on gam topic. In the long run the SET and
TET approaches will lead to competition and selection afriats to be included in courses or degree
programmes.

{\bf Courses: Linking tutorials to reality} An instructoio( university department) should be able to
define a concept of a “real” course which would naturally é¢sinsf a collection of tutorials. Such

a course should correspond to the material which an instrygcesents in a class during a semester.
Passing all the tutorials in a course should ideally cowado passing the real-world course.

At the same time, prerequisites for a course or tutorial khba defined \— simply as a collection of
tutorials.

Each tutorial will have several associated attributes. Bwiaus attribute is a list of prerequisite tutorials,
another is a definition of “internal tutor-web credits”. Tgal credit systems in the real world give 10-30
credits for a full-time semester with e.g. 4-5 courses. Harner scale is needed since each course
may consist of 10 tutorials. An internal credit will thereddbe defined so that 10 “internal tutor-web
credits” correspond to 1 creditin the European credit fiersy/stem (ECTS), where there are typically
30 credits in one 15-week semester.

How “tutor-web” credits transfer into real-world creditsiwvdepend on the real-world university and
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some research is warranted before any suggestions are mabdis topic. There are, however several
possibilities, linked to the possible uses which a unitgrsiay put the “tutor-web”.

In-class uses of slides and corresponding uses of quizzesldasic usage where the instructor is in
control of material - and the students take an exam at the tticesemester. In this case the “tutor-
web” merely augments the usual in-class sessions.

In the more general case students may have been directededale independents studies or may have
done so on their own accord. It is in these cases that the mesesting scenarios arise and they give
rise to the greatest potential. A student directed to takeail (sequence) in order to accommodate
an instructor’s requirement is a simple example. In a sdmserhplies that the instructor has accepted
the “tutor-web” content as a surrogate for taking certainrses \— and this is an easy way of merging
the tutor-web into real-world requirements.

Similarly it is likely that an admissions body will look mogmsitively on a candidate with a high
“tutor-web” score than one without one, if both are compgefor the last slot in a graduate programme.

Further on, however, more concrete methods will be needdidkd'tutor-web” grades and credits
to entrance requirements (or even degrees). Of these, ¢dé part is fairly easy: The “tutor-web”
instructor will simply define an “internal tutor-web credior each new tutorial. The TET grading will
include an evaluation of the consistency of these and otlgructors or universities will be able to
assign their own credits to a tutorial. This will of course have any legal implications but will serve
as an indication for the corrsponding instructors or adimissdepartments (who are free to use such
credits or not).

The grading schemes are more difficult and require condiieraore research, along with how ques-
tions are assigned, as seen elsewhere in this proposad(seef{sec:quizresearch}).

\subsection{The quiz formats} \label{sec:quizformat}d hilot “tutor-web” quiz formats basically con-
sist of a question, a correct answer and 2-3 incorrect asswth an option of a “none of the above”
answer, which may of course be correct (NOTA+) or incorrélDTA-). Programmed questions (im-
plemented in R) can of course randomly generate any text andandomly select between NOTA+,
NOTA- or no NOTA.

All present implementation have permitted the student kecsguestions for an unlimited time. This
approach forms one of a few fundamental principles in amgiteo utilise the interactive nature of the
Internet. What remains, however, is the question of howegatiould be computed since some students
will tend to keep guessing for a very long time in an attempgeba long enough run of positives.

Current HTML does not permit mathematical symbols in ansiettons”, which implies that questions
have to be set up so as to include all the mathematics in the difdtie question. Naturally this could
be improved upon, but ideally this should be done without pamising on standards, which may be
difficult.

It would be a useful addition to routinely include optionallpdown menus for selecting among multiple
items. This has been evaluated, but grading schemes habe@oset up for this yet.

A much more important addition, however, is to allow instasedefined probability-weighting schemes
for the quiz questions. In the simplest case questions arergted at random, but this is clearly not
enough to take into account the “guessers” who may know teears to a fraction of the questions
but guess the rest until they get a lucky run. If the seleabbquestions gets weighted towards more
difficult questions as the grade increases, this will notiecc

A better, user-specific method would weight the probabditiowards questions which the user has
earlier answered incorrectly.

A still better method (partially implemented) will occasally select questions from earlier lectures in
the tutorial, with a bias towards questions which the userdmswered incorrectly earlier.

Better yet, quiz questions dished out from within a tutostabuld also from time to time be selected
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from an earlier, prerequisite tutorial. It is well-knowrattpractice makes perfect and selecting (user-
based and difficult) questions from earlier material wikere that the quick user does not simply forget
the material after having moved on.

Research on the use of these methods is described in seefiset:quizresearch}.

4  testing more choices
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