VIRTUAL LEARNING SPACESIN DISTANCE EDUCATION: TOOLSFOR THE
EVA PROJECT

1. Introduction and previouswork.

At the beginning, educaion was one-to-one. Thus, Aristotle was the teader of Alexander the
Gred. This being expensive, groups of students were introduced, sharing a teacher, alibrary, a
shop, a laboratory. This is the university model. Education in this model is in situ (students
have to go to the dasgoom, to the library, etc.) and synchronous (they have to participate a
the time the teader is delivering hisledure).

It is quite expensive, especialy in courtries like Mexico, to buld enough unversities for
everyone, scatered ower the wurtre, with appropriate laboratories, libraries, etc. It is also
guite expensive to go to live nea the university, usually located in the caital of the state or of
the ourtry.! Thus, mail schods, distance leaning, virtua universities and dgital libraries
were introduced. We daborate on these models [0 artificia intelligence (Al) in educaion
(Wenger, 1987, knowledge-based tutoring (Clancey, 1987 using computers agents
(Genesereth and Ketchpel, 19949; natural language processng (Guzman, 199§, common
sense knowledge (Lenat and Guha, 1989 Guha and Lenat, 1994 Guzmén, 1994°)] and
telecommunicdions.

1.1.The problemto solve

By using modern techndogy, the EVA (espados virtuales de grendizae, or virtualearning

spaces) projed aimsto perfed the asynchronows and nonin situ (remote) educatinal model(s).

At the same time, EVA seeksto meld hermoniously with classcd methodk.

1.2.0bjedives of this research.

e To develop a model, and the @rrespondng software, hardware and courseware (or
teading materid), for high-level high-quality education which is essentially norrin situ
(far away) and asynchronous, when condrering the ‘teacher’ and the ‘ studente’.

» To usetheformer tods for personalized education, poviding the students with most of the
courserware (books, quizzes, etc.) they need. (This mitigates the need for each student to

buy several copies of books, manuals, teading material, etc).

e To help the students to help eat ather, whenever passble.

! For instance, there is atendency in the Institutos Technol 6gicos to request from their faaulty to have & least an
M.Sc. degree Once aprofesor has acalemic duties, it is quite difficult for him or for hisinstitute to let him leave
for a wuple of yeasto go to some caita to get his degreeg and then return.



1.1.2.0ur setting.

We asume that there are enough students, in remote places, who canna travel to attend in situ
universities, and ladk adequate acessto bools, simulators, and aher teaching material. They
have access to a PC which is (occacionally or continuowsly) conneded to a network. The
students are willi ng to take a omputer-administered quiz, to ascertain their initial state of
knowledge. The students know what they want to study (know their fina state). They study at
their own pace through EVA, bu can aso learn through the usual ways: buying a book,
attending aledure, studying with classmates, asking and advisor, practicing onthe computer.

The Knowledge Spaceor Learning Spaceis all those ancepts and information that could be
transmitted to a student of a given dscipline (Computer Science, say) O it isthe union d all
books in the discipline. For the experiment, the Knowledge Space of EVA is computer science
at the Master of Science (M.Sc.) level. The ANIEI (1997 has already defined and dscretized
the Knowledge Space of Undergraduate computer science

1.2.2.Main features of EVAand ou main Contributions.

» Thediscrtizing of the Knowledge Space By the assumption o Sedion 1.2.1 EVA needs
to supdy the student the right teaching material. Thus, EVA requires accessto adequate
book chapters (modues), which of course somebody has to write. In order to make the
amount of writing finite, we descretize the Knowledge Space, so that two modues either
overlap completely or naot at al. (The spaceis partitioned into modues). This allows a
computer program to seled appropriate modues for a given student, if the airrent state
of their knowledge and the desired final point in the Learning Space ae Known.

» Polybooks: automatic formation d study plans (learning trajedories) and asynchronous
delivery of the teaching materia to ead student (in the form of persondized bools,
cdled pdybooks).

« Computer management of student advances. Each time the student finishes reading a
modue, she takes a quiz (every modue ends with a quiz), thus moving the student to a
new current state of knowledge.

» Automated seach of additional teaching material, na yet located in the Knowledge
Space through natural |anguage searching tods (Clasitex; Guzmén, 1998.

e Automatic placanent of hyperlinks in ‘normal’ text to aher ‘norma’ texts (medina,
1998), thus enriching the leaning habitat of the student.

e Automatic finding of possble dasgmates and advisors.



1.3.Prevous work.
EVA has many preaursors, and bulds on many of them:

1. Traditona methods: teading in the presence of the teacher (‘in situ’ teading); paper
books, paper libraries, synchronous question-and-answer sessones.

2. Open education. Which is essntialy asynchronows and nonin situ: correspondence
shcods, where printed chapters are sent to the student, and gading is aso dore via mail.
Home study. Home practice

3. Educdion Ja satellite, telemnferences. A live or recorded ledure is delivered through
television. Questions and answers and dscusson forums may be synchronows or
asynchronous; by electronic mail, for instance Virtual university.

4. Extending the delivery media. Eledronic libraries. Distribution through CDs.

5. Competence-based educaion. What one leans is defined by ability, knowledge ad
training defined by ‘paosts’ or paositions in the workplace

6. Life-long learning: reaognizes that learning is a longterm commitment, espedaly in fast-
changing disciplines (such as computer science).

7. It isfascinating to dscover that EVA can blend with 1-3, use the techniques of 4, and co-
existswith 5and 6.

1.4.Prevous work by us.
Some alditional information abou EVA can be foundin Nufiez (1997); Nufiez et al. (1998.
1.4.1.Gathering d information via agents.

ANASIN (Guzmén, 1994h isa cmmmercia product that gathers information in dff erent sites,
dispersed ower a large region d time and space, in order to oltain strategic data, useful for
dedsion making, from operational data sitting in files and tables located in computers located
in the work centers, The agents used in Anasin share asingle ontology or data dictionary.

The INJECTOR OF AGENTS (Martinez, 1998 places demons in remote places, using the
avail able network. It works under a variety of network types, communication types, protocols,
and it assumes a hostile or disordered environment in the host, therefore needing to send
several agents to beacome familiar with a host’s environment, so that the last agent reaching it
Isthe agent one wished to injed.



1.4.2.Handing d texswritten in naural languaggs, concept trees.

CLASITEX (Guzman, 199§ is a program that finds the main topics in an article written in
Spanish. It does not work on key words, bu on concepts, It uses a cncept tree. For this
reason, it is cgpable of finding an article talking abou shoes, even if the aticle does nat
contain such aword, but contains insteal the words boa, moccasin, sandals etc.,
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Fig. 1. Leaning trgjedory, from the initial knowledge state Qo to the final state Qf. The spaces has eight
dimensions, only two are shown in this figure.

Even if these words may refer to ather contests or concepts, e.g. moccasin is also a tribe of
American Indians.

CLASITEX++ (Beltran et al., 199§ is avariant of Clasitex that also having a tree of concepts
in English, can analyze texts in Spanish and in English. Its trees are larger. It is written in C
(Clasitex iswritten in Unix shell, with sed, awk, yaac, and aher utiliti es).

2. Partsof EVA, and how it works.

The EVA software delivers persondlized leaning materia (polybooks) to each student. For
thisto be posshle, EVA has accessto alarge olledion d modues (book chapters) written in
several formats. in Word, in Power Point, etc. Knowing the aurrent knowledge state, and the
desired final state, EVA arms the personalized pdybooks. EVA then monitors the student
advance, through appropriate quizzes locaed at the end of each modue. If the students
provide their work schedule, EVA can program them with synchronows adivities: e.g. atend
this teleconference on Thursday at 18:00 onTV channel 22, watch the educationa video on
channel 2 of Edusat, July 23 at 6:00 am; join a synchronots question-and-anser sesson.



2.1.Learningtrajedories.

EVA applies to each student, initially, an examination to measure their computer science
knowledge (Qo in Fig. 1). This examination has been routinely applied at the Centro de
Investigad 6n en Computadén (CIC) for the last three years, for student seledion.

2.1.1.Discretizing the learning space

Measuring students, arming books out of chapters, and classfying questions requieres me
orderin the Knowledge Space. For this, the Graduate Computer Science’ knowledge is divided
into modues (unit learning modues, or ULMs; Nufiez et a., 1998. Informally, amodueisa
chapter of abook,abookis the written material needed to cover a graduate murse that lasts a
semester, namally 80 hous of ledures in the dasgooms. Naturally, thisisaguide, and nd a
strict definition. Each of the aes of the Knowledge Space is divided into ULMs O the
division looks like the index of a book,a wlledion d subjects. Of course, the hard part is to
instantiate the modues (that is, to write them).

In eadt axis of the Learning Space, there is a precedencerelation: a <b means concept ahas to
be leaned before concept b. Between axes, there is a no-precalence relation: the learning of a
concept in axisi (information Systems) is not affeded by the Knowledge of the student in axis
j (computer architedure), wherei # j. Thisindependence asumption namally holds. Where it
does nat, EVA uses tables containing precedence relations between concepts locaed in
diff erent axes, to capture these precedences.

2.1.2.Initial state.

EVA applies to each student, initially, an examination to measure the Computer Science
knowledge in each of the eght axes that ANIEI (1991) has defined: Socia Environment;
Mathematics, Computer Architecture; Networks; Basic Software; Programming and Software
Engineering; Information systems, Man-machine Interaction. Thus, ead student is reduced to
avedor with eight components.

2.1.3.Findl state.

Eadh o the students dates the aeain which they want to dotheir M.Cs. work. There ae only
six possible final states, correspondng to the six areas (spedalties) at CIC. But the EVA
experiment only covers one of these areas. now, thereisonly one final state (Qf in Fig. 1) for
al EVA students. (Thisisnat strictly true, due to the presence of optional subjeds).

2 EVA’sfirst experiment is to tead the subjeds of an areaof the Master of Science Program at C.I.C. EVA can
be gplied to ather areas of knowledge, as well asto ather levels (undergraduate level, say).



2.2.Polybodks.

Polybooks are like norma books, except that: (1) each modue wvers a ULM of the
Discretized Learning Space (Section 2.1.); (2) each modue can be built up in a different
media: video, Power Point, Word, audio, etc.; (3) each modue ends with a quiz; (4) a
polybookis armed (by concatenating suitable modues) for each student; (5) the material is not
sent by paper, bu by eledronic deliverty through the network.

Thisindividualizationis passhble sincewe know the initial and final states of the student.

The manufacture of the learning trgedory for a given student proceels as follows: for each
axis, find their initial and final concepts Cli and Cfi, for i = 1,...,8. Find suitable unit learning
modues (ULMs) to go from each Cli to Cfi (i = 1,...,8. If the independence assumption hdd
(Sedion 2.1.), EVA will arm eight paybooks, ore for each of the ais, eat covering the
missng knowledge to go from the initial concept Cli to the final Concept Cfi. The learning
trajedory of the student will consist of eight digoint leaning trgjedories, which can be
studied (travelled) in any order O in paralle, for instance 0 as shown in Fig. 2.0nly four of
the aght axes are shown; axes are shown parall el, athough they are orthogonal.

Eadh axis shows only the initial and final concepts, many other intermediate concepts exist,
but are not shown in Fig. 2 (compare with Fig. 1).

When the independence assumption fails, that is, a <b for ain ore &is and bin aancther,
EVA insertsin the leaning trgjedory of the student the crrespondng prerequisite, shown as
adotted arrow in Fig. 2 (only one prerequisite link is iown). Once this is done, the learning
trgjedory isfinished, andit isrelatively easy to arm the correspondng polybodk(s).

2.2.1.Knowing what the student has learned.

When the student has finished a modue, the mmputer administers the quiz foundat its end.
Thus, EVA watches gudent progress and it knows at every moment what the student already
knows, To dothis, EVA keeps track of the initial, current and final states of eadh student, as
well as other statistics pertaining to their learning behavior. This is dore by a bookkeeping or
administrative software, an earlier version d which (C. Guzman, 199§ sesson d questions
and answers.

2.3.Integrating synchronotus activities.

EVA asks the students for their cdendar of events. Then, EVA arms their learning trgjedory
containing synchronous and synchronous adivities: among the latter, to attend a conference or
ateleconference to watch arelvant TV program; to participate in a (live) sesson d questions
and answers.



2.4.Finding clasgnates and adisors within the students.

A clasgmate of a student is antoher student having a similar learning trgjectory, and a dose
current state. By comparing learning trgjectories of students, EVA suggests paossble
clasgmates for study, hamework, writing computer programs, etc.

An advisor can be another student (or an alumnae) with a similar learning path, bu closer to
their goal, Using asimilar algorithm, EVA suggests possble alvisors.

2.5.Finding rew learning material suitable to each student.

CLASITEX isa aoncept-processng program that finds the main themes or topics in a Spanish
article or text. An English version also exists (Beltran et a., 1998. Given the learning
trajedory of the students, and the languages they read, with the help of CLASITEX, EVA
finds wiitable material in the web, or in a data base, and sends it to the students when they are
abou to nedd it. Medina (1998H is working on this feaure, wihch will then be alded to EVA.
This is possble because the aurrent state of the student is known; hence, EVA can deduct at
least eight concepts that they are aurrently learning (one for ead axis of the Learning Space);
giving these @mncepts to the agent that uses CLASITEX, the gpropriate aticles (that cover
some of these @ght concepts) can be retrieved.

2.6.Questions and arsers in EVA

EVA uses synchronows and asynchronous question-and-aswer sessons. But EVA does more.
What isaquestion? A question and its answer isa (small) path in the Knowledge Space. Thus,
it can be located in such space. Therefore, EVA indexes the questions (it know where), for
later use by new students. ‘Before asking, please read al thee 63 answers” This is a
generdization d the file of commonly asked questions that one finds in manuals of mature
software. Noticethat the question-answer pairs (perhaps in multimedia format) can be indexed
by CLASITEX too, bu with fuzzier results.

2.7. Automatic placement of hypertex links.

EVA can add hypertext links (automaticdly) to: (a) material foundin the web or data base; (b)
new polybooks; (c) old text books; (d) material written by the studente; (€) questions (see
Sedion 2.9. For instance, if a text foundin material (a) through (€) mentions ‘boas’, EVA
(through CLASITEX) can pace hypertext links to texts where the main topic is hoes, or
boas, or garments, since CLASITEX knows the ontology or knowledge tree of the subjed
area (it knows that shoes are divided into sandals, bods, moccasins, etc., and that shoes are
‘brothers’ of shirts pants, socks, etc.). Thus, EVA can enormously enrich the learning
environment of the student.
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These links can reference a dictionary; thesaurus, an explanation text; other books or
polybooks where superior concepts (generalizations) or detailed concepts (spedalizations)
appea; questions gored in the data base; drawings (if they have key words). Moreover, the
indexing can be normalized (lins only point to concepts in the discretized Learning Space) or,
more frequently, un-normali zed (links point to concepts).

Links can be placed to relevant articles (since CLASITEX knows which are the main subjeds
of an article). Links can be placed from Spanish to English articles, and viceversa. Color or
appeaance of link shows its type: definition, explanation, link to a main article dou the
theme, generalization (sandal points to shoe), spedalization (Medina, 199&), other links:
‘growsin’, ‘produced in’, ‘part of’, ‘cited by’, etc. (Lenat and Guha, 198).

Links can aso be placed that are semantically meaningful. A link from the word ‘star’ to an
explanation abou the solar system is not meaningful if the source document talks abou movie
stars. But CLASITEX will nat fall into this confusion; most likely, it will have detected whether
the amin topic of the source document was about famous people or abou sidered bodes.

2.8. Thetransmisson d polybodks.

A paybook, orte armed, is transmitted from the EVA server to the student’s computer (or to a
neaby local paybookserver, if it exists), in astore-and-forward fashion (i.e. na in red time);
it can be dore overnight, or by using eledronic mail. The existence of local polybook servers
allows many students to share ULMs.

2.9.The learning environment.

We have been experimenting with different types of student computers. We have:

(A) PCs, that are linked to a paybookserver, which also handes discusson forums, chats,
etc. This can be seen as the airrent techndogy.

(B) Network computers, which are like (A) but need an additional software server. This
can be seen (perhaps) as the future technd ogy.



(C) Video-recaving devices: currently, PCs, which could perhaps later be enhanced by
speda cards for faster video handing. The goal of these devicesisto experiment how
to send udeo through ordinary telephore lines, using powerful compresson
algorithms. If successful (not yet), we wuld send by a telephore line our live
telecnferences, and by anather line full dugex audio, enabling student questions to
read the spedker in red time. This can be seen as the poar man’stechndogy.

(D) An even chegoer solution than © for teleconferencing i to transmit (off-line) the dlides
or the Powwer Point presentation d the spe&er, and then to transmit in red time full
dudex audio only [0 this needs only one telephore line [0 onwhich we overlap
short beeps to indicate left arrow, right arrow, next page or dide, and so on. In the
redving PC, these commands move the arsor to the arrect place in the presentation.
In this manner the speaker points to parts of his dides, bu his moving faceis never
sean.

Currently, we have ta CIC a mixture of (A), (B) and (C) in asingle room [0 due to lak of
space ] which we hate to cdl the EVA classoom, since EVA suppcsedly does not need
clasgooms.

3. R & D activities, current status.

Thinking and theoredical work began in 1997. Fundng for the project (see
Acknowledgements) started ealy in 1998 thus construction lags behind.

3.1. Satus of the EVAprojed (July 1998).
3.1.1Theory, models.

ANIEI has aready discretized the Learning Spacefor undergraduate Computer Science EVA
will do this discretizing (Sedion 2.1.) for one of the six M.Sc. areas. Work has just begun.
No area has yet been selected.

3.1.2. Séware.

The generator (Section 2.9 of individual leaning trajedories is being built by Argelio de la
Cruz. The integrator of synchoronows adivities (Sedion 2.3) has not been designed. Thes
classfier of interests (Sedion 2.9, to find classnates and advisors, is being built. The
Information Retriever (Sedion 2.5 is being built by Norberto Medina. The manager of
persona academic advances (accourting of acalemic scores, courses, etc.) is being built by
Maria Alonso. The question’s classfier (Sedion 2.6 does nat exist. Althouwgh it could be a
variant of the dasgfier of interests of Sedion 2.4.The plager of hypertest links (Sedion 2.7
is under construction by Norberto Medina. The transmitter of polybooks (Section 2.9 has not
been designed, although perhaps a simple gproach will work: send modues as computer
files, that iswhat they are.



3.1.3.Hardware.

PCs, Network computers and a cupe of servers are up and running. A video compressor
[Sedion 2.9 C )] was built, bu abandored (it transmitted abou six frames a sewnd); no
furhter work is in progress The device of Sedion 2.9 (D) is commercialy available &
computer software.

3.1.4.Generation d paybodks.

EVA nedls abou 20 pdybooks (Section 2.2 for the experiment with ore aea of computer
science Six books are scheduled for 1998.The other books are scheduled for 1999.Thereis a
polybook onlanguages, automata and complexity being written, while an existing book on
agents will be mnwverted into a paybook, in ader to comply with the discretizing of the
Learning Space.

3.1.5.Evaluation.

It is important, at the end of the experiment, to compare learning through EVA against
traditional leaning. What subjeds are better suited? Which media (see Sedion 2.2 best
conveys which kind d knowledge? It istoo ealy to start theoreticd or pradical work in this.

3.2.Conclusions.

Most of the interesting conclusions of the EVA experiment will have to wait until more work
has been dore. Right now, we can say:

EVA experiments at the same time with three levels of techndogies:

* INEXPENSIVE: (a) deferred (store-and-forward) transmisson d educational materia by
network; (b) eledronic mail; (c) red-time transmisson d video (lectures) and sound by
two telephorelines.

e  CURRENT: PCswith multimedia, ftp, Internet.

 FUTURE (some ae arrently expensive for massve use): NC computers, ATM.
EVA appears to be a new and self-sufficient and complementary educaional method,
which can be gplied at severa educdional levels. It introduces a new teaching material,
poybooks: free(for the moment), personalized, tail orable, self-configuring, self-adualizing
and (some of them, perhaps) interadive.
EVA lives in harmony and can be mixed with traditional educaion, satellite and TV

education, \Jrtua university and teleconferences, competence-based education, life-long
leaning.
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EVA may be of econamic and socia impad; if successul, it will | ower the st of good
educdion.
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