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Free-Text Answer Analysis on the Web

Bertrand IBRAHIM, Stephen D. FRANKLIN, Bernard LEYRAT

Résumé. Le World-\Vide Web est déjà largement utilisé à des fins éducatives. Cette utilisation
est influencée par des facteurs techniques, éducatifs et sociaux, y compris les attentes et les
connaissances des éducateurs. Alors que beaucoup d'auteurs de matériel éducatif se contentent
d'utiliser les possibilités de transfert à distance du Web, d'autres considèrent que J'éducation
nécessite plus d'interaction et désirent créer el présenter du matériel interactif sur le Web, En
plus des outils pour simplifier autant que possible la préparation de ce genre de matériel, il est
nécessaire de développer llne vision des possibilités techniques du Web qui sc concentre sur
les aspects éducatifs. Cet articlc énumère d'abord les techniques actucllcment utilisées pour
l'évaluation de l'apprenant, puis présente unc méthode qui permet aux éducateurs d'intégrer
facilcment de l'analyse de réponse en texte libre dans leurs documents WWW. Diverses
possibilités d'implantations sont ensuite décrites.

Kc)'words: Education, 'VWW, World-Wide
Web, interactive documents, answer analysis,
asscssmcnt.

1. Intl'oduction

Mots-clés : Enseignement, WWW, World
Wide Web, documents interactifs, analyse de
réponsc, contrôle de connaissances.

111e content of the World-Wide Web is growing at a more rapid rate
than any previolls information dissemination mechanism, and the toois and
techniques available for providing and accessil1g such content appear to be
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growing at only a slighlly slower rate. l1lC Web is now widely appreciated
and deployed within the educational cOl1ullunity as a' multimedia document
delivery mechanisIl1. 111ere is also a growing awareness of ils very substantial
capabilities for interactive use l coupling the computational and information
processing capabilities of local personal computers with those of larger
shared-use systems.

It has loug been recognized, within the computer-based learning com
munity, that the quality of computer-based educational material was highly
dependent on the quality of the assessment of the leamer. Indeed, good
educationalmaterial needs to adapt to learners' misconceptions. One should
thus develop and deliver interactive courses ,vhich go beyond multimedia
course materials to incorporate asscssment of student progress.

2. Ovel'view of cuuent assessment techniques used on the Web

As Ulrik Schroeder 1 stated in his "HyperScript-innovative ee!uca
tional use of WWW"2 position paper at the Teaching ane! Training Work
shop' of the Thire! International World-Wie!e Web Conference" educators
are interested in using the Web for the fol\owing reasons:
- one can build search and retrieval funclions to search through the text of

the cducational material,
one ean provide cross-referencing within the material, to connect se
mantically rclatcd sections,
one can provide e!iJIerent levels of details to let the learners fOCllS on thase
parts they are most interested in,
one ean integratc multimedia material,
one ean include within documents information gatherecl in real time,
one can integrate the material with other campus-wicle information,
the learner can interaet via fonns and server-sidc programs,
the educational material can use the wealth of information resourccs
available worldwide.

J hltp:l/www.isa.illformatik.th-darmstadt.de/-uli/ulrik.lIlllù

2 http://vim.ccs.soton.ac.uk/workshop-h-ulrik.html

J http://vim.ecs.soton.ac.uk/workshop-h.html

.\ http://www.igd.fllg.de/www95.html
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A key point in trus list is lem"ner interaction, and educational material
that is available on the Web is often weak in that respect. As Schroeder
points out, good educational material should provide for active, task-driven
and goal-oriented learning and encourage active stucient participation. \\te
would add ta this that the material should provide for adequate help and
indiviciualized interaction, based on an extensive assessment of the learner's
abilities. Nlany educators, even those who have produced their own \\Teh
docmnents, do not see construction of sncll interactive materials on the
Wcb as a realistic possibHit)' for themselves. Part of the reason is that the)'
view the V-,Teb as a document delivery mechanism and thus participate only
as authors of particular documents. One call move beyond this both by
irnproving understanding of the mechanisms of interactive documents and
b)' using tools which help create such material. We tUIll first ta the lattcr
approach.

'n,e first step be)'ond simple document deliver)' on the Web is the use
of interactive formss, and there arc an impressive Humber of very good
explanations" of this capabilit)'. Most of these explanations, howcvcr, fall
short of cducators' expectations in t\Vo respects. First, the)' presume that
the creation of a CGI-compliant 7 program ta handlc the fonn input is a
task the reader can reasonably undertake. Second, educationally effective
fcedback ta the learner must often be based on input other than the learner's
most recent response. In bath thcse cascs, though, providing taols and
explanations of those tools oriented ta the needs and understanding of
educators can overcome these obstacles.

One way educators can incorporate interaction with the learner in the
documents the)' author is through the use of special tools that allow for
the automatic handIing of answers to questions within \\Teb doclllllents. For
instance, David A. Wheeler's8 Mklessol/ 9 do\Vnloadable ta01 lets one add
multiple choice questions at the end of a document, \Vith a diJferent link
attached ta each possible answer. While the merit of muitiplc-choicc tcst
is debatable, it is certainl)' true that these tools 10\Ver the technological

5 http://www.w3.org.hypertextJWWWIIVlarkUp/html-speclhtml-spec8htmll#SECn

fi http://www.stars.com/Vlib/ProvidcrslFonns.html

7 http://hoohoo.ncsa.uiuc.edu/cgi/overview.html

R httP:/Jlgl www.cplf.ch/AdarrutorialslLovelaceldwheclcr.html

'} http://lglwww.epfl.ch/AdarIUtorials/Lovclace/userg.html
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threshold for producing Web-based materials by those instructors who value
such testing and that these tools open the door to other uses of the Web as
weil.

A more eclucationally ambitious and effective collection of interactive
techniques is facilitated by Neal M. Holtz'slO 7lUorÎal Gatell'ayll, which lets
one include questions involving multiple choice, truelfalsc, single mnncric,
and single algehraic expression answers. Numcric and algebraic answers
require fOlln support in the WWW browser and the answer analysis involves
a gatcway program that will return an appropriate URL based on the
answer.

It is however a commOll 111isconception that going beyond these answer
handling techniques is Illuch tao difficult ta be worth intcgrating in small
seale educational material. Indeed, in spite of the fact that many educators
recognize that certain objectives can only be rcachec! by using open ques
tions and free text answcrs, most people who tackle the problcm of hanclling
the learners' answers to questions consider that free text al1swcr analysis
is tao complex a task ta be manageable with current software technology,
usually referring ta artificial intelligence techniques ta do lexical, syntactic
and semantic analysis of the user input.

We will dClllonstrale fmther in this paper Ihat reasonably simple tech
niques can achieve assessments protocols that do not allow the learner ta
guess likely answers from the questions that are formulatcd, thus ensl1ring a
more reliable asscssment of the learner's knowledge.

3. The Answel' Analysis module

People lend ta forget that rather simple pattcrn-matching techniques
can be used ta achieve free-text answer analysis with very reasonable efrecl
iveness. For instance, the research group on computer assistcd learning 12

at the Computcr Science departIllent of the University of Geneva has de
velaped, and lIsecl in stand-alane CBL programs, pattern matching tools

ln http://W\\.\\..cÎ\.cng.carleton.ca/People/Faculty/Ncal_HoltzJBio.htnù

Il http://www.cÎ\.cng.carieton.ca/-nholtzltut/doc.html

12 http://cuÎw\\'w.unige.ch/eao/www/CBL.papers/CBL.group.Întro.c.html
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(Franklin ef al., 1985) that make it rather easy to specify, in a symbolic form
alism l criteria for various anticipated answer categories. The "rules" 13 used
ta specify answer analysis are stored separately from the actual educational
material ta ease translation and maintenance.

1l1is answer analysis uses simple string comparison ta deternline if the
user input (representing the studcnt's response to a question) matches an
cxpected response category as specified in the rules written by the designers
of the material. ll1Cse rules follow a syntax that can be easily mastered by
tcachcrs participating in the original design, or by those who may have ta
modify the rules to hanclle situations overlooked in the original design. The
approach is easy enough ta use ta allow the educators ta remain in control of
ail the various aspects that decide of the pedagogical value of the educational
material.

Basically, the rule formalism allows the designers to specify Cümbina
tian of words that should or should not be found in the learner's answer.
Lists of synonyms l as weIl as partial words can, also be provided. A detailed
dcscription is available in the on-line documcntation 14. V\'e will therefore
only examine here a simplc cxample that is llsed ta chcck whether a learner
answcred something equivalent ta "yes":

_YEs_I_YEP _I_OK_I_RIGHT_I ]IllE_I_YEA I_OF COURSE_I_SURE_I andlnot I_NO_I_NOT_lll'T_

ln this notation, ail the words that should be matehed against the learner's
answcr arc in upper case, the underline character stands for any charader
that is not a letter or a Humbcr, the vertical bar separates alternatives
(equivalent to an or operator), and" 1and 1not 1" is an operator indicating
that none of the alternatives that follow should be found.

4. Adaptation to the Web

In spite of its simplicity, this approach gives astonishingly good results
with earefully ehosen questions and weil thought-out rules for expected
answers. Hs integration ta '"\","","'-based material can be done in various
ways. The tools based on this mcchanism are meant ta be used by document

13 http://cuiwww.un.igc.ch/cao/www/FreeTtext/ans,ycris/html

14 http://cuiwww.unige.ch/eao/www/FreeText/answeris.html
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authors who want to inc1ude, in their docmnents, input fields that the
document reader (the learner) can fill in, and that will lead to different other
documents based on the (free text) input that the learner has given.

\"le have currently implemented t",o approaches involving servcf-sidc
computing. Both approaches assume the use of a simple for111 \Vith a text
input widget for the learner input. The fo1'111 cantains the varions analysis
criteria aud corresponding URLs in hidden fields. 'l1lis information will be
used bl' a cgi-bin script on an HTIP server to do the pattern matching and
select the appropriate URL to send back a "Location:" 15 repll' to the WWW
client that will, in tmll, display the corresponding document.

Authors do not neeel to know how to put fonns in their documents, as
our tools will do it Rutomatically for them. 11Ie authar ean specify the criteria
that will be matched against the user input to classifl' this input in different
categories. Ali the possible input that match a given category will trigger the
samc behavior, i.e. willlead ta the saIlle document.

In this model, wc are makil1g the assumption that a document will
usually coutain only one such text input fann or, if the document con tains
more than one fonn, only one will he usecl at a time, leadil1g ta one of many
possible successor documents, based on the category of the user input.

111e two approaches we have implemcntcd involve on-linc form-bascd
tools ta automatically create slich a user input form and embed it in an
HTML document. An initial prototype l6 assumed that ail the information
necessary ta create the answer form (\Vith hidden fields containing the
criteria and the corresponding URLs) would be entered via an on-lîne
forlll 17. This was easy ta put in place, but was not very convenient for
maintenance, as the content of the various fields of the form cannot he saved
by the designers for later modification and thus have ta be re-entered every
time the designers decide to change the analysis criteria, unless the filled
forl11 is still available within the history cache of the 'Veb browser.

111e second prototype 18 assumes that the criteria are prepared in a
www-accessible file 19 and that a form 2ü is mainly lIsed ta give the URL of

15 http://hoollOo.llcsa.uiuc.edu/docs/cgi/out.html

16 http://cuiwww.unige.ch/cao/www/FrccTcxtlInfo.html

17 http://cuiwww.unigc.ch/cao/w\,,wfFreeText/De,,c1operForm.html

IR http://cuiwww.unige.ch/eao/www/FreeText/lnfo2.html

19 http://cuiwww.unige.ch/eao/wwwfFrccTcxtffempCrit,txt

20 http://cuiwww.unige.ch/eao/www/FreeText/DeveloperForrn2.html
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the original document (in which an answer form must be embedded) and
the URL of the criteria file. 11lis makes it casier to update and maintain the
criteria for a whole set of documents with embedded answer forms. When an
educator uses this second prototype, providing the two URLs and the symbol
used as a placeholder, the sen'cr fetches both the original document and the
criteria me, finds the analysis patterns in the latter, replaces, in the original
document, the placeholder with the form that the leamer will see and that
contains ail lhe pattern matching information in hidden fields. The resulting
document is then returned to the educator1s browser1 ready ta be saved
locally (e.g. using the File/Save As browser menu item) and inlegrated into
a set of educational documents. When a learner uses the resulting document
and fills in the for111 1the same pattern matching program is activated as with
the first prototype.

5. Client-sille pl'Ocessing

As powerful an educational tool as server-side computing can be, it
is not without its limitations. Network bandwidth and cumulative system
load on a servel' required ta meet non-trivial computational demands from
multiple sÎlnllltaneolls requests can easily turn "interactive" into "slow batch
proccssing." 111e situation is aggravated by the comparison with the speed
of local processing and by the imporlance of preelictable-time-to-respond in
an important and extensive range of educational applications. Educators can
always install the pattern matching software on their local \V\VV\' sel'ver, ta
be less dependent on saIlle remote machine ovcr which they have no control,
but this l'aises portability issues that are not necessarily obvious ta solve.

An alternative to the server-side pattern-matching approach described
above is to use client-sicle computing 10 do ail the pattern matching elirectly
on the lcarner's machine. Sinlilarly to the server-side approach, the pattern
matching information would be embeeleleel in the document elisplayeel to the
learner, but this time as parameters 10 an applet that will hanelle both the
learner's input and the pattern matching. 111is solution would still require
access to a remote server the first lime the applet is loaeled, but hopefully
not the following times, assuming that the applet-capable browser caches it
locally and reuses it whenever this applet is used within other documents.

Implemeuting this client-side approach mostly consists in translating
the pattern Inatching code il1to whichcver progranuning language appears to
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be supported by the widest range of Web browsers. We are currently working
on an implcl1lCotatioll, based on the Ada ta Java21 bytccode compiler22 from

Intermetrics, that will be compatible with Java-enabled browsers. The cgi-bin
script that currently substitutes a placeholder with au answer input fonn in
a document, will simply bc updated to embed an applet tag instead. The
educators will not need ta sec any change in the way they prepare thcir
documents, compared to the existing prototypes mentioned earlier.

6. Comparison of the two apl)roaches

Even though in most cases it will be more expedient to do the pattern
matching on the learner's system l there can be cases whcre analyzing the
answers on a server may make morc sense. A centralized approach makes
it indeed easier to collect statistics and keep a database of user profiles
(assuming that the learncrs cnter their name before they can start USillg the
educational material). On the other hand, the client-sicle approach makes
it casier to keep the profile information directly in the learners' disk space,
allowing the lcarners ta remain anonymülIs if they wish sa.

Another major ditference between the two approaches is the ability
ta time liser input. With the server-side approach l a Iuechanism coulcl
be put in place to evaluate the time elapsed between the moment the
dOCUfnent \Vith the answer input form \Vas sent ta the learner and the time
at which the answer is sent back by the learner, but it would be dimeult,
using the standard HTTP protocol 23 , to 1110dify the document seen by the
learner without any learner intervention (the authors are, of course, aware
of the I\'etscape server-push technique 24 , but it is not a standard use of the
HTTP protocol and il is not available with publie-dol11ain WWW server
software). On the other hand, it would be fairly easy, with the client-skie
approach, to il11plel11ent in the user input applct a specifie behavior based
on the lime elapsed since the applet started. 1l1e respective advantagcs and
disadvantages of bath approaches can be summarized as follows:

21 http://juvu.sun.com/

22 hltp:lJwww.illlllet.comJjuvu.httnl

23 http://www.w3.orglhypertext/WWW/Protocols/HTTPJHTTP2.html

24 http://home.netscape.comlassist/neCsitcslpushpuIl. Il tml
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Advuntages Disadvantages

- more network trallie.

- easy ta put in place. - slower response till1e.

server-side - casier ta maintain a databuse - no learner profile if anonymity has

pattern of learner profiles. to be preserved.

matehing - usable with any browscr - individualization Iimited ta v<uying
the documents that are shawn tasupporting forms. the learncr.

- timing cannat be used flexibly.

- less network trallie
- instant respansc time - more dimcult ta maintain
- ananym.ity ean be preserved

a database of learner profiles.while maintaining a local
learner profile. - more complex to put in place.

client-side - requires a browser supparting applets.
pattern

- individualizatian can cousist - may require to lower security pro-in more than just varying
matching the documents that are shawn

teetian for applets, unless aIl

ta the leamer.
edueators install a copy of the applet

timing ean be used easily to on the same as the educational
-

material.vary the leurning server as
experience.

There is no need ta choosc between the two approaehes. Indeed, it
may be that one reverts ta a server-based analysis if a c1ient-side one is not
possible. Or it may be lhat one falls back on client-sicle processing when
server response is unacceptable. However, based on the abovc table, one ean
see that the twa approaches are not completely eqllivalent and the choice
an edueator will makc will depend on individuai factors and the relative
importance of the variolls advantages and disadvantages that we have listed.

7. Conclusion

V\'e have described, in this paper, a melhod and various implementa
tians that allow educators to embed free-text answer analysis within Web
documents. -I1lÎs method allows for beller assessment of the knowledge
acquisition process, since there need not he any clement of answer within
the questions that are asked la the learners. This method has successfully
becn used in the past within stand-alone computer based learning material
and we have shawn that this melhod was applicable ta today's standard Web
lechnology (forms) as weil as ta more experimental technology (applets).
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Moreover, we have shown that the interface to the devclopers cou Id be the
same regardless of the technologieal choiee.

Balancing technical capabilities and educational realities has Bever

been an easy task. 'n,e World Widc Web has opened a rangc of educational
opportunities unprecedented in their scale and scope. Appreciable progress
has ah"cady been luade and l looking ahead to ncw possibilities, wc sec
thc importance of integrating Web technology (and limitations) with the
educationally-centered perspective that is created through a focus on specific
curricular challenges.
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