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EDITORIALE

Edizioni Erickson – Trento Je-LKS Journal of e-Learning 
and Knowledge Society - Vol. 1, n. 1, marzo 2005  (pp. x-x)

OSSERVARE IL PRESENTE, IMMAGINARE IL FUTURO, COLMARE I GAP

Nel rispetto di quanto dichiarato nella «call for contribution», il nostro sforzo nel com-
porre questo numero speciale di Je-LKS è stato quello di individuare tra tutti i contributi 
che ci sono pervenuti quelli che meglio potessero far emergere le fi losofi e progettuali che 
in questi ultimi anni hanno ispirato — e stanno ancora ispirando — lo sviluppo di molti 
degli odierni ambienti di apprendimento on-line e di «augmented-learning». Nell’operare 
tale selezione, inoltre, abbiamo tenuto in particolare considerazione quei contributi che 
contengono un esplicito riferimento alla fi losofi a dell’Open Source Software. 

Un altro criterio guida è stato quello di riservare spazi dimensionalmente equilibrati 
sia agli aspetti metodologici che a quelli tecnologici, che, infi ne, alle esigenze dell’utente 
fi nale, nella speranza di riuscire a far emergere bisogni, problematiche e linee di tendenza di 
quella parte dell’odierna società della conoscenza che si serve dell’ausilio della «macchina» 
per il «learning».

E non è un caso che si sia utilizzato proprio il termine «macchina»!
Difatti, una piccola parte dei docenti coinvolti in progetti di e-learning e/o augmented-

learning (a nostro modesto parere defi nizione decisamente più pregnante di blended-lear-
ning) ritiene, non a torto, che un ambiente per la formazione on-line debba assomigliare 
sempre di più a un ambiente di lavoro collaborativo, ovvero a uno di quegli ambienti che, 
da tantissimi anni, sono oggetto di studio di un ben preciso settore di ricerca: quello della 
CSCW — Computer Supported Collaborative Work (che nel mondo del learning viene 
declinato come CSCL) — ovvero di uno dei settori trainanti dello Human-Computer 
Interaction, la disciplina che si occupa «della progettazione, valutazione e realizzazione di 
sistemi interattivi basati su computer destinati all’uso umano e dello studio dei principali 
fenomeni che li circondano»

Per chi come me si occupa professionalmente di Interaction Design questo punto di 
vista, ovvero quello dell’HCI primi-metà anni Novanta, appare oggi un po’ superato perché 
basato su un un’idea funzionalista dell’interazione tra uomo e macchina, tra mondo reale 
e mondo virtuale, un’idea che trova il suo motore propulsore nelle categorie dell’effi cacia 
e dell’effi cienza.
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Non che l’effi cacia e l’effi cienza di un processo, così come la loro misura, non siano 
importanti, ma oggi sappiamo che si può andare oltre.

Non a caso Penge et al. nel loro articolo di apertura si pongono una fondamentale 
domanda — cos’è un processo di apprendimento? — e, ispirandosi a Dewey, si danno una 
risposta attraverso la quale cercano di superare la visione costruttivista del «learning»:

Learning is a form of inquiry aimed to clarify non-determined situations. 
While learning, we shift the borderline between what we know and what remains 
unknown. We constantly restructure our mental representation of the environ-
ment (as we do, for example, after a fi rst glance at a new software interface); but 
the more we know about environment’s rules and feel comfortable with them, 
the more we try to modify the environment itself. While adapting ourselves, we 
also adapt the environment to our needs. Our success in doing this action is the 
main indicator of our new competences.

In real life this can be a long and dangerous process, so we created protected 
educational environments, like schools, that are expressly designed to progressively 
let the learner take the control.

Questa defi nizione è particolarmente interessante perché vi si ritrova l’idea che l’inte-
razione con l’ambiente non si debba prendere in considerazione solo perché è la base della 
contestualizzazione di un processo (cognitivo, di apprendimento, ecc.), ma, e soprattutto, 
perché è l’irrinunciabile motore di un processo co-evolutivo.

Non a caso gli stessi autori alla fi ne dello stesso articolo, ispirandosi probabilmente 
anche ai molti scambi di opinione che abbiamo avuto nel recente passato, si avvicinano 
al mondo dell’A-life (artifi cial life) quando scrivono:

A digital learning environment can be seen as a organism; after being designed 
and built, it starts to «live» autonomously, to evolve and to mutate.

Sul principio della co-evoluzione, infatti, tra il 2001 e il 2002 lanciammo un progetto 
di sviluppo di un ambiente formativo on-line mappocentrico (il cui cuore è la produ-
zione ed evoluzione di mappe concettuali) chiamato «Home-University» di cui qui, per 
dovere di ospitalità, non parleremo. Non a caso questo ambiente nella sua prima release 
di distribuzione open-source assumerà il nome di LIFE™ (Learning in an Interactive 
Framework to Experience).

C’è però qualcosa di più sotto il sole, rispetto alla co-evoluzione...
Difatti una «co-evoluzione funzionale» in cui tutto si misura in base al «successo 

dell’azione» non può che dar luogo a un mondo «freddo» dominato dall’azione-reazione 
(seppur complessa, ed eventualmente non deterministica) in cui i canali principali della 
comunicazione interattiva che vengono coinvolti sono esclusivamente quello cognitivo 
e quello fi sico. Su un pressupposto simile, seppur ancor più ristretto, si basa la vecchia 
fi losofi a dell’AI (Artifi cial Intelligence) che sappiamo, almeno per ora, aver fallito.

È ormai assodato che non si può avere una «esperienza» appagante se non vengono 
interessati anche i piani emotivo e sociale della comunicazione interattiva. Si tratta di un/a 
dato/affermazione facilmente condivisibile sia da tutti coloro che hanno avuto modo di 
affrontare l’esperienza della gestione di un forum e hanno rifl ettuto sull’approccio che gli 
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studenti hanno all’uso di tale strumento, sia da chi, più in generale, ha esperienza di «social 
software» o da chi si è soffermato sul concetto di intelligenza diffusa o ancora da chi ha 
rifl ettuto sul signifi cato più profondo delle «tracce» di attività (siano essere reali o virtuali) 
o, infi ne, da chi più semplicemente si è soffermato a rifl ettere sulle esperienze della propria 
vita, anche e soprattutto in chiave di «learning». Il «Learning» e l’«Augmented-Learning» 
sono e devono essere trattate come «esperienze», nel senso più completo del termine, e il 
loro «successo» si deve poter misurare con scale diverse dalla semplice effi cacia e/o effi cien-
za. Un compito non banale e un’interessante sfi da per il prossimo futuro.

Quanto sopra è il succo di una trasformazione più generale che sta interessando tutti gli 
ambiti progettuali che si occupano di «interazione tra individui mediata dalla macchina».

Una trasformazione, un passaggio dall’HCI a un paradigma allargato dal carattere 
maggiormente olistico, che all’inizio del 2005 abbiamo cercato di sottolineare attraverso la 
defi nizione dell’Information Processor Interaction Design and Architecture (IPID&A):

«La IPID&A è l’ambito di progettazione della comunicazione tra “equivalenti” 
— uomini e macchine — che interagiscono secondo modalità antropomorfe, ed 
eventualmente coevolvono, per favorire esperienze culturalmente ed emotivamente 
soddisfacenti.»

Vale la pena di sottolineare che così come da tempo ci si è resi conto che l’arte (nel 
senso più puro della sua defi nizione) si è dissolta nella vita, in maniera altrettanto precisa 
si dovrebbe acquisire coscienza della necessaria dissoluzione del «learning» nella vita, fatta 
salva, per quanto è emerso sopra, la difesa di ambienti simulativi/emulativi protetti, ovvero 
a basso rischio... che non neghino, però, il learning quale esperienza. 

Tale «vision» che potrebbe/dovrebbe segnare, nella nostra modesta opinione, lo svilup-
po dei futuri ambienti di formazione on-line è però ben lontana dal «mondo reale». 

Tra lo stato dell’arte e una «vision» esistono sempre, e non potrebbe essere diversamen-
te, dei «gap» che si potranno riempire solo con il trascorrere del tempo. 

Usiamo il plurale perché si tratta di un gap ampio e articolato, un avvallamento oro-
grafi camente complesso, di cui, lentamente, si stanno riempendo le vallette più piccole per 
poi passare a quelle più ampie, sino ad arrivare, sperabilmente, al riempimento dell’intera 
vallata.

«Filling the gaps», questo è il lavoro che tutti noi stiamo svolgendo, come mostra la 
selezione dei lavori pubblicata in questo numero speciale; una selezione che permette di 
focalizzare in maniera abbastanza precisa alcuni di questi «gap» e il duro lavoro che tanti 
autori stanno svolgendo in tutto il mondo, Italia inclusa.

In questo quadro l’articolo di apertura non poteva non essere un riconoscimento a uno 
dei primi progetti che in Italia si è ispirato alla fi losofi a open-source: ADA. 

ADA è anche un progetto che si distingue per la profonda rifl essione sul concetto di 
«open» che gli autori di questo ambiente hanno inteso estendere ben oltre il confi ne del 
tradizionale «open-source» a comprendere anche altri livelli: quelli del contenuto e della 
sua componibilità, della riprogrammabilità e accrescimento della struttura degli ambienti, 
delle modalità di valutazione, ecc. e «last but not least» quello dell’«open content». 
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Una problematica, quella dell’«open content», su cui si è discusso molto in questi ul-
timi anni e su cui si sono montate anche delle grandi campagne propagandistiche... basti 
ricordare quella organizzata dal MIT che ha annunciato con grande enfasi l’apertura di 
un portale «open content» che nella pratica offre ben poco mentre la MIT Press continua 
a pubblicare interessantissimi volumi a pagamento.

Purtroppo il lavoro intellettuale, come pure quello dello sviluppo tecnologico lega-
to all’open-source, ha un costo ed è dunque opportuno rifl ettere brevemente sulla sua 
sostenibilità. Lo stato, di recente, ha ben compreso la rilevanza dell’«open-source» (vedi 
ad esempio l’adozione, seppur non generalizzata, di linux e open-offi ce) ma cosa fa per 
sostenere questa fi losofi a? 

L’adozione dell’«open-source», come molti sanno, ha un costo (addestramento, ma-
nutenzione, ecc.) ma ha anche dei risparmi ed è ben lecito chiedersi perché con questi 
risparmi non si possano incentivare gli sviluppi open-source e open-content piuttosto 
che «fare cassa». Ovviamente l’adozione dell’«open-source» genera un’economia terziaria 
di servizio, ma «terziario» non vuol dire «terziario avanzato» e servizio non è equivalente 
a innovazione e sviluppo! 

Personalmente ritengo che i tempi siano maturi perché lo stato defi nisca il modello di 
sostenibilità e sviluppo dell’open-source che intende adottare e chiarirci così se intende pro-
porsi come soggetto attivo o come semplice «follower» di quanto avviene nel mondo.

È molto importante sottolineare che ADA non è sola. Accanto ad essa, e al già citato 
HU-LIFE, possiamo ricordare DOCEBOLMS (ex-spaghetti learning), la recente release 
open-source di EIFFE-L, sviluppato dall’Università di Genova, o le esperienze dell’Univer-
sità di Napoli, e tante altre ancora di minore portata (esperienze che, purtroppo per tante 
ragioni, non siamo riusciti a illustrare in questo numero di JeLKS, ma di cui daranno di 
certo conto le successive uscite della rivista). 

Una vivacità realizzativa che ha modifi cato sostanzialmente l’immagine che solo qual-
che anno fa si poteva avere del nostro Paese e che ha generato un novero sempre crescente 
di competenze; competenze che sarebbe un vero peccato dissipare. A tale fi orire di iniziative 
e di competenze, però, non è corrisposta sino ad ora una eguale capacità di coordinamento, 
cosicché il panorama attuale (senza considerare i già parzialmente discussi aspetti di ordine 
teorico-pedagogico) ci offre un ampio ventaglio di scelte tecnologiche: da Delphi a Java, 
a Php per quel che concerne i linguaggi (senza contare esperienze di minore rilevanza, in 
cui vengono utilizzati linguaggi altri), da MySQL a Postgre, a Oracle per quel che attiene 
la scelta dei Database, da sistemi a modularità orizzontale che impediscono l’accesso ad 
alcune shell interne a sistemi a modularità verticale che, fatto salvo il core del LMS, at-
traversano tutti i layer, ecc.

In questa situazione così frammentata non è chiaro se potrà mai darsi un futuro non 
locale per tutte le suddette iniziative, che andrebbero a competere con le ormai affermate 
esperienze di Moodle, A-Tutor, Claroline, ILIAS, ecc. e a cui già fa riferimento una con-
sistente fetta degli operatori nazionali.

La ragione vorrebbe che nel futuro prossimo venturo sopravvivano solo alcune comu-
nità, che non saranno necessariamente quelle che sosterranno il prodotto migliore, ma 
quelle che avranno saputo sfruttare al meglio il momento favorevole offerto dal diffondersi 
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delle strategie open-source e avranno generato una suffi ciente massa critica. Ben oltre i 
limiti della ragionevolezza, però, la burocrazia di ciascuna istituzione che eroga formazione 
continuerà a costituire una barriera e ad alimentare lo sviluppo di applicazioni locali, che 
potranno andare da singoli moduli a interi «core» di gestione o, infi ne, a veri e propri 
ambienti didattici.

L’ideale sarebbe che nascesse un coordinamento in grado di defi nire: (a) delle scelte 
tecnologiche di base (linguaggi e databas open-source); (b) un modulo di amministrazione 
di base espandibile e riconfi gurabile a seconda delle varie esigenze delle singole istituzioni; 
(c) una piena interoperabilità tra i vari ambienti a livello di moduli funzionali che dovreb-
bero potersi interscambiare. Tutto questo sarebbe vitale non solo al fi ne di ottimizzare gli 
sforzi per lo sviluppo tecnico-metodologico, ma anche per consentire agli operatori del 
settore un rapidissimo adattamento nel passaggio da un ambiente di formazione a un 
altro. Vedremo...

Il secondo degli articoli invitati — dedicato proprio a uno degli ambienti sopra citati, 
A-Tutor — ci porta a rifl ettere con più attenzione sul concetto di adattabilità dell’ambiente 
formativo; non più e non tanto nei confronti del processo gestito dal particolare soggetto 
erogante, bensì verso le esigenze dei singoli attori-studenti (learning styles), docenti (mo-
delli pedagogici), ecc. e, in particolare, delle persone disabili.

Quello dell’accessibilità delle persone disabili è un tema particolarmente interessante 
che merita qualche considerazione aggiuntiva.

Oggi la sacrosanta attenzione nei confronti delle disabilità sembra tradursi sempre 
di più in un downscaling delle funzionalità e delle caratteristiche degli ambienti on-line, 
soprattutto di quelle che potrebbero essere in grado di generare una risposta emotivamente 
ricca agli input dell’utente. 

Nella vita di tutti i giorni non è questo che avviene: non si riduce l’esperienza dei nor-
modotati per allinearla a quella delle persone con disabilità, ma si cerca di rendere possibile 
percorsi paralleli con peculiarità e caratteristiche diverse (si pensi agli scivoli e alle scale, 
alla possibilità di leggere i numeri di una pulsantiera e a quello e di far passare il proprio 
dito guida sui caratteri Braille, ecc.) in modo che tali percorsi possano convivere e avere 
dei forti momenti di integrazione. A nostro avviso è questo lo spirito con cui si dovrebbe 
affrontare il problema dell’accessibilità: non un downloading (che di certo costa molto di 
meno in termini economici) ma un’esaltazione delle capacità sensoriali di tutti i soggetti 
coinvolti e un’attenzione all’integrazione collaborativa di normodotati e persone disabili. 

Anche ammesso che si possa avere a disposizione l’ambiente più stimolante ed effi ciente 
possibile, come si potrebbe misurare l’effi cacia del processo dal punto di vista formativo, 
sociale, esperienziale, ecc.? Tradizionalmente, per tale scopo vengono utilizzati test di vario 
genere e misure di presenza e attività. Si tratta ormai di strumenti non più suffi cienti alle 
necessità di contesti pedagogici ove ciò che conta maggiormente sono la modifi ca della 
percezione nei confronti di uno specifi co dominio di conoscenza (qualcosa che va ben oltre 
la semplice acquisizione di nozioni) e le capacità di team working e di socializzazione. Oggi 
l’attenzione si sta spostando sempre di più verso nuove forme di valutazione e analisi, come 
la valutazione quantitativa delle mappe concettuali e la social network analysis applicata, 
per esempio, ad ambiti quali i forum. 
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I forum, in effetti, stanno attirando sempre di più l’interesse di molti studiosi che li 
considerano uno dei pochi ambiti in cui si riescono a osservare e quantifi care le dinamiche 
di interazione, in particolare sociale. I forum si possono considerare ormai come dei veri 
e propri «place», ovvero degli ambienti, virtuali, che vanno oltre il concetto di luogo di 
scambio e divengono ambienti per lo sviluppo di esperienze. 

Come ormai noto a tutti, Internet, grazie a strumenti quali l’e-mail, i blog e i forum, 
ha rilanciato la scrittura testuale e non è un caso che proprio l’analisi dei forum si stia 
prospettando come uno dei più interessanti settori di indagine per gli esperti di linguistica. 
Cosicché da più parti si cerca di proporre modalità automatiche di analisi ed estrazione 
di indicatori di comportamento ed espressione. L’articolo di S. Korich et al. è un utile 
contributo alla comprensione di quanto si sta facendo in questa direzione.

Un altro modo per comprendere la qualità dei messaggi scambiati è quello dell’analisi 
dei «thinking-type» preso in considerazione nell’articolo di Calvani et al. Un articolo 
che ci propone di rifl ettere anche e soprattutto su un altro aspetto dell’odierna ricerca: 
l’individuazione di quegli strumenti atti a sviluppare maggiormente la collaborazione tra 
gli attori del processo formativo. Ed ecco allora che accanto alle «monitoring functions» 
per la metacognizione (thinking type e altro) troviamo la «refl ection board» per stimolare 
la consapevolezza circa la propria e l’altrui attività, il «planner» e i «coaching tool» (alert 
e altro).

Vale la pena di notare, però, che la necessità di strumenti di questo tipo si avverte mag-
giormente quando la progettazione degli ambienti formativi on-line non è stata originata 
da presupposti realmente collaborativi. Molti di tali ambienti, siano essi commerciali o 
«open-source» (e Moodle non fa eccezione, vedi l’articolo di Botturi et al.), fondano, pur-
troppo, le loro basi progettuali sull’idea che l’oggetto principale del processo formativo sia 
il modulo didattico e che all’interno di esso debbano poi agire i vari attori (docenti, tutor, 
ecc.), che a loro volta manipoleranno altri oggetti, ovvero i contenuti. Questa impostazione 
è alla base dello sviluppo di compartimenti stagni che poi si riescono ad aprire con molta 
fatica e rendono complessa la formazione di una reale comunità di apprendimento.

Dall’altra parte, però, Ng S.T. Chong e Michihiro Yamamoto con il loro articolo in cui 
si interessano all’utilizzo dei wiki ci lanciano un «warning» e ci suggeriscono di rifl ettere su 
un problema non indifferente: siamo davvero sicuri che «l’ambiente pubblico» sia sempre 
ciò che consente di favorire la collaborazione e, soprattutto, la partecipazione? A leggere i 
succitati autori sembrerebbe di no.

Non dobbiamo sorprenderci più di tanto però. Nella vita quotidiana, infatti, nessuno 
di noi potrebbe vivere a lungo in una dimensione completamente pubblica, da «Grande 
fratello». La dimensione privata è non solo opportuna ma necessaria, anche alla diminu-
zione della confl ittualità e per un sereno svolgimento di tutte le attività, anche quelle for-
mative. Molti docenti, infatti, non amano il confronto pubblico con i propri colleghi. 

È dunque necessario riuscire a trovare il giusto equilibrio tra socialità e riservatezza. 
L’articolo in questione, oltre a riportare delle utili osservazioni, ci suggerisce anche una 
possibile soluzione... di certo si tratta di un argomento su cui ci si dovrà impegnare molto 
nel prossimo futuro.
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Tra gli «oggetti» che sono protagonisti del processo formativo, come già scritto sopra, 
un ruolo di primo piano è svolto, ovviamente, dai contenuti. Da anni a seguito dei pro-
cessi internazionali di standardizzazione, funzionali all’interoperabilità, si è sviluppata una 
considerevole attività sulla metadatazione e sulla produzione di learning objects, inclusi 
test e quant’altro (vedi anche l’articolo di Hage e Aimer). È nostra opinione che l’ecces-
siva macchinosità dei processi di metadatazione tolga una fetta importante di risorse alla 
produzione di contenuti di maggiore profondità e che non sempre consenta di migliorare 
l’effi cienza nella manutenzione dei contenuti. Si tratta di un settore che deriva da forti 
interessi economici e che affonda le radici nei bisogni di standardizzazione di particolari 
organizzazioni governative americane. Dal punto di vista pedagogico, a nostro avviso, le 
standardizzazioni rappresentano più che altro dei fattori generatori di viscosità: a parte 
l’enorme quantità di tempo che richiede la metadatazione, il problema principale è rap-
presentato dall’eccessiva staticità insita nei materiali prodotti. A coloro che hanno una 
reale esperienza sul campo è ben nota la necessità di cambiamento e miglioramento dei 
propri materiali in tempi caratteristici comparabili o inferiori a quello di erogazione di 
un singolo modulo. 

È un problema, questo, che non può essere risolto dall’utilizzo di un’ontologia di 
riferimento, perché (a) l’ontologia per come è usata oggi è uno strumento statico e (b) i 
saperi si sviluppano in maniera molto più contestualizzata, per basi di conoscenza non 
universali. Ciò non di meno la proposta di Benlamri et al. merita di essere presa in consi-
derazione perché rappresenta un passo verso lo sviluppo di motori di ricerca più intelligenti 
e personalizzati, secondo i dettami del web-semantico.

La «personalizzazione» è un tema molto caldo, sul quale punta per un rilancio la comu-
nità che fa riferimento alle applicazioni dell’intelligenza artifi ciale in ambito educativo. 

Il futuro dei sistemi intelligenti per l’«augmented-learning» non sarà più confi nato al 
«ristretto» ambito dell’interazione cognitiva e, come già scritto sopra, dovrà espandersi 
verso gli altri livelli della comunicazione umana, a includere, in particolare, quello emotivo. 
Tuttavia saranno sempre agenti e multiagenti a essere i naturali candidati per la realizzazio-
ne di sistemi in grado di adattarsi alle necessità esperienziali degli utenti, specie nel caso di 
esperienze che si svolgono in rete e hanno bisogno della costante presenza dell’uomo.

L’articolo di De Pietro et al. è, in questo senso, paradigmatico per le modalità con le 
quali si propone di migliorare l’effi cienza del processo didattico: introduzione di un tutor 
virtuale che, grazie all’utilizzo del linguaggio di marcatura AIML e di un apposito motore 
di ricerca adattivo, è in grado di riconoscere e dare risposta alle più semplici e comuni 
esigenze di uno studente.

Ed è ancora un agente quello che, proposto da Hage e Aimeur, è in grado di dirimere 
i confl itti che si generano allorquando si importano da più fonti, in maniera meccanica e 
automatica, domande di test marcate secondo lo standard IMS QTI. Non è raro che due 
domande possano avere una stessa fi nalità o che una delle possibili risposte a una domanda 
possa svelare la soluzione di un altro quesito. In realtà, quanto proposto potrebbe essere 
utilizzato anche quale strumento di autoverifi ca per i docenti impegnati nella preparazione 
di test tradizionali, ovvero di test a risposta multipla.
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Sin qui una carrellata sui trend e le prospettive di ricerca più signifi cative indicateci 
dalla comunità internazionale e, in particolare, da quella che si riconosce nel modello 
«open-source»... ma poi all’atto pratico, quando ci si cala nella realtà di tutti i giorni, ser-
vono davvero tutte le migliorie degli ambienti di «augmented-learning» su cui si stanno 
impegnando centinaia di ricercatori in tutto il mondo? 

In altri termini, si tratta di miglioramenti che verranno davvero utilizzati?
Il penultimo articolo, quello di Botturi et al., sembrerebbe confermare quanto molti 

di noi sanno: ovvero che la maggior parte degli strumenti più sofi sticati, se non saranno 
automatizzati e trasparenti all’uso, soprattutto dei docenti, rimarranno inutilizzati. Il do-
cente medio si accontenta di trasferire fi le, di avere una bacheca di annunci e quando va 
bene di dar vita a un forum di discussione. Non ha tempo, non è pagato per sviluppare 
situazioni formative più ricche e, a volte, non ha le competenze. 

Come mostrato nell’articolo, sono pochissimi i docenti dotati dello spirito del pioniere 
o del buon samaritano.

E qui viene al pettine un ulteriore nodo: non basta un forte impegno nell’avanzamento 
tecnologico e metodologico, per diffondere la cultura dell’«augmented-learning»: è neces-
sario creare una apposita classe di docenti e tutor e motivarli economicamente. 

L’«augmented-learning», come molti sanno, non è più economico dell’apprendimento 
tradizionale. Quando si incontra qualcuno che afferma di averci guadagnato... diffi date 
della qualità del suo processo!

Questo numero speciale di JeLKS si chiude con un’esperienza che ci dovrebbe indurre a 
riconsiderare il nostro approccio alla «macchina», ripartendo dall’analisi del comportamen-
to in età scolare. Forse troppo spesso nell’ambito dell’«augmented-learning» ci si concentra 
su esperienze di scuola superiore, universitarie e di long-life learning e si trascurano quegli 
ambiti, altrettanto interessanti, in cui l’uso della «macchina» viene introdotto nel corso 
dei primi anni di scuola. 

In noi adulti, inutile negarlo, ci sarà sempre uno spazio per il/la fanciullino/a che fum-
mo, fanciullino/a che a livello più o meno conscio continua, imperturbato/a, a operare: 
non ci dovrebbe apparire così strana, dunque, la rilevanza che viene data dai bimbi agli 
aspetti collaborativi (in grado di rendere tutti co-protagonisti), e il valore irrinunciabile che 
per i nostri giovani protagonisti assume il contesto ludico (si pensi al successo dei MM-
PORGPG). Ma ancora più naturale ci dovrebbe apparire il gradimento per le interazioni 
sensoriali ricche, multimodali in cui vengono ad assumere maggiore rilevanza le immagi-
ni, i fi lmati, gli elementi tangibili. Gradimento che, per altro, è riscontrabile anche nelle 
attività degli adulti e che ci porta a guardare con sempre più attenzione alle interazioni e 
alle interfacce naturali e a porci una domanda: siamo sicuri che l’«augmented learning», e 
più in generale l’esperienza del learning del futuro, utilizzerà ancora «macchine» composte 
da schermo, tastiera e mouse e che le «macchine» saranno ancora degli scatolotti più o 
meno parallelepipedali come quelli che, per ora, affollano le nostre scrivanie e riempiono 
le nostre borse?

Carlo Giovannella
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OBSERVING THE PRESENT, ENVISIONING THE FUTURE, FILLING THE GAPS

In accordance with the terms of the call for contributions, we have endeavored in 
preparing this special issue of JeLKS to identify out of all the articles received those most 
successful in illustrating the design philosophies that have operated in recent years to 
inspire the development of many of the present-day environments of online learning 
and «augmented learning». In making this selection, we have also taken into particular 
consideration contributions containing an explicit reference to the philosophy of open-
source software.

A further criterion applied has been to devote equally balanced amounts of space to 
methodological aspects, technological aspects, and the requirements of the end user in the 
hope of highlighting problematic needs and trends in the section of today’s knowledge 
society that uses the aid of the «machine» for «learning».

And it is not merely by chance that the term «machine» is used here.
In point of fact, a small number of the teachers involved in projects of e-learning 

and/or augmented learning (terms, in our humble opinion, far more meaningful than 
«blended learning») are rightly convinced than an environment for online education must 
come increasingly to resemble the environments of collaborative work that have for many 
years now been the object of a very precise sector of research, namely CSCW (Computer 
Supported Collaborative Work, or CSCL in the case of learning). This is in fact one of the 
sectors acting as a driving force in Human-Computer Interaction (HCI), the discipline 
that addresses the «design, assessment, and creation of computer-based interactive systems 
for human use and the study of the primary phenomena associated with them». 

For those of us who are professionally involved with Interaction Design, the above 
view of HCI, typical of the early 1990s, today appears a little outdated in that it is based 
on a functionalist idea of interaction between man and machine, between the real and 
the virtual world, an idea underpinned by the categories of effectiveness and effi ciency.

This is not to say that the effectiveness and effi ciency of a process and their measure-
ment are unimportant, but rather that we now know it is possible to go further.

It is no coincidence that the opening article by Penge et al. addresses the crucial que-
stion of what a learning process really is and, drawing inspiration from Dewey, develops 
an answer that seeks to move beyond the constructivist vision of learning: 

Learning is a form of inquiry aimed to clarify non-determined situations. 
While learning, we shift the borderline between what we know and what remains 
unknown. We constantly restructure our mental representation of the environ-
ment (as we do, for example, after a fi rst glance at a new software interface); but 
the more we know about an environment’s rules and feel comfortable with them, 
the more we try to modify the environment itself. While adapting ourselves, we 
also adapt the environment to our needs. Our success in doing this is the main 
indicator of our new competences.

In real life this can be a long and dangerous process, so we created protected 
educational environments, like schools, that are expressly designed to progressively 
let the learner take the control.
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This defi nition is particularly interesting because in it we again fi nd the idea that the 
interaction with the environment is not to be taken into consideration solely because it 
is the basis for the contextualization of a process (cognitive, learning, etc.), but also and 
above all because it is the indispensable driving force of a co-evolutionary process.

It is no coincidence that the authors, probably drawing inspiration also from the 
many exchanges of opinion we have had in the recent past, approach the world of A-life 
(artifi cial life) at the end of the article:

A digital learning environment can be seen as a organism; after being designed 
and built, it starts to «live» autonomously, to evolve and to mutate.

It was indeed on the principle of co-evolution that we launched the Home University 
(HU) project between 2001 and 2002 for the development of an online mapcentric 
training environment (the core of which is the production and evolution of conceptual 
maps). While our duty as hosts prevents us from discussing this here, it should perhaps 
be mentioned that, signifi cantly enough, the environment was to assume the name of 
LIFE™ (Learning in a Interactive Framework to Experience) in its fi rst open-source 
release.

There is, however, something new under the sun as regards co-evolution…
In actual fact, a form of «functional co-evolution» in which everything is measured 

in terms of the «success of the action» cannot but give rise to a «cold» world dominated 
by action-reaction (albeit of a complex and possibly non-deterministic nature) in which 
the primary channels of interactive communication involved are exclusively the cognitive 
and the physical. It is a similar though still more restricted assumption that acts as the 
cornerstone of the old philosophy of AI (Artifi cial Intelligence), which we know to have 
failed, at least for the present.

It is by now an established fact that there cannot be a fulfi lling «experience» if the 
emotional and social levels of interactive communication are not also involved. The truth 
of this will be readily recognized by all those who have had to cope with the experience of 
managing a forum and refl ected on the way in which students approach the use of such 
a tool, by those who have experience of «social software» in general, by those who have 
considered the concept of diffuse intelligence or the deeper meaning of «traces» of activity 
(whether real or virtual beings), and indeed by those who have simply stopped to refl ect 
on the experiences of their own lives, also and above all with respect to learning.

Learning and augmented learning are and must be addressed as «experiences» in the 
fullest sense of the term, and it must be possible to measure their «success» with yardsticks 
other than those of simple effectiveness and/or effi ciency. This is a by no means simple 
task and an interesting challenge for the near future.

The above considerations encapsulate the sense of a more general transformation 
currently taking place in all the areas of design involved with «machine-mediated inte-
raction between individuals».

It is this transformation — the transition from HCI to a broader paradigm of a more 
holistic character — that we endeavored to pinpoint early in 2005 under the label of 
Information Processor Interaction Design and Architecture (IPID&A):
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«IPID&A is the sphere of the design of communication between “equivalents” 
— men and machines — that interact through anthropomorphic channels and 
possibly co-evolve so as to foster culturally and emotionally fulfi lling experien-
ces.»

It is worth pointing out that, just as it has long been realized that art (in the purest 
sense of its defi nition) has dissolved in life, cognizance should also be taken with equal 
precision of the necessary dissolution of «learning» in life. As regards the points emerging 
above, this would in no way affect the defense of protected, low-risk environments of 
simulation/emulation, as long as these do not deny learning as experience.

This vision — which could and should in our humble opinion mark the develop-
ment of future environments of online learning — is, however, far removed from the 
«real world».

Between the state of the art and a vision there are always and necessarily gaps that 
can only be fi lled with the passing of time. 

We use the plural because it is in fact a broad divide, a complex hollow the smaller 
valleys of which are now being fi lled up before moving on to the larger ones and one day, 
hopefully, eliminating the rift completely.

«Filling the gaps» is the task we are all engaged on, as shown by the selection of arti-
cles published in this special issue, which enable us to focus with suffi cient precision on 
some of these gaps and the strenuous efforts being made by many authors all over the 
world, including Italy.

In this perspective, the opening article could hardly be other than recognition of ADA, 
one of the fi rst projects in Italy to draw inspiration from the open-source philosophy. 

ADA is also a project distinguished by in-depth refl ection on the «open» concept, 
which the creators of this environment undertook to extend far beyond the boundaries 
of traditional «open-source» to include other levels: content and the modularity thereof, 
the reprogramming and expansion of environment structure, forms of assessment and, 
last but not least, open content.

Open content is an issue that has been greatly discussed in recent years and also the 
object of massive propaganda campaigns. Suffi ce it to recall the one organized by the 
MIT to announce the opening of a much-vaunted «open-content» portal, which offers 
very little in real terms, while the MIT Press continues to publish very interesting works 
for a fee.

Unfortunately, the intellectual work and work of technological development con-
nected with the open-source approach have a cost, and it will therefore be advisable to 
stop for a moment and consider their sustainability. The Italian state has recently realized 
the importance of this model (as shown, for example, by the adoption of Linux and Open 
Offi ce, albeit not at the generalized level), but what is it doing to support it? 

As many of us know, the adoption of an open-source strategy has a cost in terms of 
training, maintenance, etc., but also offers savings, and it is wholly legitimate to ask why 
the latter cannot be used to provide incentives for open-source and open-content deve-
lopments rather than replenish the coffers. The adoption of the open source philosophy 
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obviously generates a tertiary economy of services, but «tertiary» does not mean «advanced 
tertiary» and «service» is not equivalent to innovation and development. 

My own view is that the time has come for the state to defi ne the model of open-sour-
ce sustainability and development it intends to adopt and thus clarify whether it means 
to play an active part or merely follow in the wake of what is happening in the world.

It is very important to stress that ADA is not alone. Alongside ADA and the above-
mentioned HU-LIFE, we can recall DOCEBOLMS (formerly «spaghetti learning»), the 
recent open-source release of EIFFE-L developed by Genoa University, the experiences of 
Naples University, and many others on a smaller scale (which for many reasons cannot, 
unfortunately, be examined here but will certainly be addressed in future issues of JeLKS). 
This dynamism in terms of output has substantially modifi ed the image of Italy projected 
until just a few years ago and served to generate an ever-increasing number of skills, 
which it would be a shame to waste. This blossoming of initiatives and expertise has not, 
however, been accompanied so far by an equal ability for coordination. As a result, and 
without considering the already partially discussed aspects of a theoretical and educational 
nature, the present panorama offers a broad range of technological choice: from Delphi 
to Java and PHP as regards languages (without counting initiatives on a smaller scale 
using other languages); from MySQL to Postgre and Oracle as regards databases; from 
horizontal modular systems preventing access to some internal shells to vertical modular 
systems running through all the layers except the LMS core, and so on. 

It is not clear in this highly fragmented situation whether there can ever be a non-
local future for all the above-mentioned initiatives, which would come into competition 
with such established rivals as Moodle, A-Tutor, Claroline, ILIAS, etc., which are already 
points of reference for a large proportion of national operators.

It would be reasonable to assume that the near future will see the survival of just a 
few communities, not necessarily those supporting the best product but rather those that 
have succeeded best in exploiting the opportunity offered by the spread of open-source 
strategies and managed to generate suffi cient critical mass. Above and beyond the boun-
daries of what is reasonable, however, the bureaucracy of every institution that provides 
training and education will continue to constitute a barrier and to foster the development 
of local applications, ranging from individual modules to entire management cores and 
even authentic teaching environments.

The ideal would be coordination capable of defi ning: (a) the basic technological 
choices (open-source databases and languages); (b) an administration module with a base 
susceptible of expansion and reconfi guration in relation to the different requirements 
of individual institutions; (c) full interoperability between the different environments at 
the level of interchangeable functional modules. All this would be vital with a view not 
only to optimizing the efforts for technical and methodological development but also to 
enabling those operating in the sector to adapt very promptly in the transition from one 
learning environment to another. We shall see. 

The second article is devoted to A-Tutor, one of the environments mentioned above. 
It prompts closer consideration of the concept of the adaptability of the learning environ-
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ment, no longer and not so much with respect to the process managed by the particular 
provider but rather as regards the requirements of the individuals concerned — students 
(learning styles), teachers (teaching models), etc. — and especially the disabled.

Accessibility for the disabled is a question of particular interest and worthy of some 
additional consideration.

The attention rightly devoted to disability today appears to be taking shape increa-
singly as a downscaling of the functionality and characteristics of online environments, 
especially those potentially capable of generating an emotively richer response to user 
input.

This is not what happens in everyday life. The experience of the able-bodied is not 
restricted so as to bring it into line with that of the disabled. Attempts are instead made 
to develop possible parallel pathways with different peculiarities and characteristics (e.g. 
ramps and stairs, the possibility of reading a numerical display and using the fi ngers to 
read Braille, etc.) so that they can coexist and be closely integrated wherever possible. In 
our view, this is the spirit in which the problem of accessibility should be addressed: not 
a downscaling (which certainly costs a lot less in economic terms) but an enhancement 
of the sensory capacities of all the parties involved as well as attention to collaborative 
integration between the able-bodied and the disabled.

Even assuming the availability of the most stimulating and effi cient environment 
possible, how are we to measure the effectiveness of the process in educational, social, 
experiential, and other terms? The tools traditionally used to this end comprise various 
kinds of tests and measurements of presence and activity. These are no longer suffi cient 
to meet the needs of learning contexts where what counts most is a change in perception 
with respect to a specifi c realm of knowledge (something that goes far beyond simply 
learning by rote) and a capacity for teamwork and socialization. Attention is now shif-
ting increasingly toward new forms of assessment and analysis, such as the quantitative 
appraisal of conceptual maps and the application of social network analysis to spheres 
like forums. 

Forums are indeed attracting ever-greater interest on the part of many scholars, who 
regard them as one of the few spheres in which it is possible to observe and quantify 
the dynamics of interaction, especially in social terms. Forums can now be regarded as 
authentic «places», i.e. virtual environments that go beyond the concept of a place of 
exchange to become environments for the development of experiences. 

As is common knowledge by now, the Internet has prompted a return to textual 
writing through tools such as email, blogs, and forums, and it is no coincidence that 
precisely the analysis of forums is proving one of the most interesting sectors of inve-
stigation for experts in linguistics. Attempts are thus being made on various fronts to 
propose automatic mechanisms of analysis and extraction for indicators of behavior and 
expression. The article by S. Korich et al. is a useful contribution to our understanding 
of what is being done in this direction.

Another way to understand the quality of the messages exchanged is analysis of the 
«thinking type» taken into consideration in the article by Calvani et al., which asks us to 
refl ect also and above all on another aspect of present-day research, namely the identifi -
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cation of tools serving to foster greater collaboration between the parties involved in the 
learning process. And it is here that alongside the «monitoring functions» for meta-co-
gnition (thinking type, etc.) we fi nd the «refl ection board» to stimulate awareness of one’s 
own activities and those of others, the «planner», and the «coaching tool» (alert, etc.).

It should be pointed out, however, that the need for tools of this type is mainly felt 
when the design of online learning environments does not originate in genuinely colla-
borative assumptions. Many of these environments, both commercial and open-source 
(and Moodle is no exception, as shown by the article of Botturi et al.), are unfortunately 
based on the idea that the primary object of the learning process is the teaching module, 
that the various parties involved (teachers, tutors, etc.) must act within this module, and 
that they will in turn manipulate other objects, i.e. content. This approach leads to the 
development of watertight compartments that can be opened only with a great deal of 
effort and make the formation of a genuine learning community a complex matter.

At the same time, however, the article by Ng S.T. Chong and Michihiro Yamamoto 
on the use of wikis offers a warning and suggests the need to consider a by no means 
negligible problem. Are we really sure that the «public environment» is always condu-
cive to collaboration and above all participation? A reading of the article would suggest 
otherwise.

This is not really so surprising, however. In everyday life, none of us could live for 
long in a completely public dimension of the «Big Brother» type. The private dimension 
is not only sometimes preferable but also necessary, not least with a view to attenuating 
confl ict and to the undisturbed performance of all activities, including learning. In point 
of fact, many teachers prefer to avoid being pitted against their colleagues in public. 

It is therefore necessary to establish the right balance between the social and private 
spheres. In addition to useful observations, the article in question also suggests a possi-
ble solution. This is certainly a subject that will require a great deal of work in the near 
future.

As noted above, content is obviously one of the most important of the «objects» 
that play a leading role in the learning process. For years now, international processes 
of standardization with a view to interoperability have led to a great deal of work on 
metadata and the production of learning objects, including tests (see also the article 
by Hage and Aimer). It is our opinion that the excessively laborious nature of the me-
tadating processes deviates a large amount of resources away from the production of 
content of greater depth and does not always make it possible to improve the effi ciency 
of content maintenance. This is a sector involving strong economic interests and rooted 
in the standardization requirements of particular US government agencies. From the 
educational viewpoint, in our opinion, standardization is more than anything else a 
factor generating viscosity. Apart from the huge amount of time required by metadating, 
the major problem is the excessive immobility inherent in the materials produced. Those 
with real experience in this fi eld are well aware of the need to change and improve their 
materials within characteristic periods comparable to or shorter than the provision of 
a single module. 
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This is a problem that cannot be solved by the use of an ontology of reference. Firstly, 
an ontology as used today is a static tool. Secondly, knowledge develops in a much more 
contextualized way through non-universal knowledgebases. The proposal put forward 
by Benlamri et al. still deserves to be taken into consideration, however, because it 
constitutes a step toward the development of more intelligent and personalized search 
engines in accordance with the dictates of the semantic web.

«Personalization» is a very hot topic and one on which the community advocating 
the application of AI in the educational sphere is pinning its hopes.

The future of intelligent systems for augmented learning will no longer be confi ned 
to the «restricted» sphere of cognitive interaction and, as written above, will have to 
expand toward the other levels of human communication and include in particular 
the emotive sphere. Agent and multiagents will, however, continue to be the natural 
candidates for the creation of systems capable of adapting to the experiential needs of 
users, especially in the case of experiences carried out online and requiring constant 
human presence.

The article by De Pietro et al. is paradigmatic in this sense as regards the mechanisms 
through which it proposes to improve the effi ciency of the teaching process, namely the 
introduction of a virtual tutor enabled by the use of the AIML marking language and a 
specially designed adaptive search engine to recognize and respond to the simplest and 
most common needs of students.

It is again the use of an agent system that Hage and Aimeur suggest to resolve the 
confl icts generated through the mechanical and automatic importation of test questions 
marked according to the IMS QTI standard from a range of different sources. It is not 
rare for two questions to share the same purpose or for one of the possible answers to 
a question to reveal the solution to another. In actual fact, what the authors propose 
could also be used as a self-checking tool for teacher preparing traditional tests of a 
multiple-choice character.

Thus far we have presented an overview of the most signifi cant trends and prospects 
for research indicated by the international community and in particular those advocating 
the open-source model. In the practical terms of everyday reality, however, do we really 
need all the improvements of augmented-learning environments on which hundreds of 
researchers are now working all over the world?

In other words, are they improvements that will actually be used?
The penultimate article by Botturi et al. would seem to confi rm what many of us 

already know, namely that the majority of the most sophisticated tools will not be em-
ployed unless they are automated and transparent for use above all on the part of the 
teacher. Teachers are normally reluctant to go beyond transferring fi les, having a bulletin 
board, and at most launching a discussion forum. They are not paid, have no time, and 
sometimes lack the requisite skills to develop richer educational situations. 

As is shown in the article, there are very few teachers with the spirit of pioneers or 
good Samaritans.
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And this brings us to another problem. Strong commitment to technological and 
methodological progress is not enough to spread the culture of augmented learning. It is 
necessary to create a special class of teachers and tutors and provide them with fi nancial 
incentives. 

As many of us know, augmented learning is not more economical than conventional 
learning. If you meet someone who claims to have made money out of it, beware of the 
quality of his or her process.

This special issue of JeLKS ends with an experience based on the analysis of school-
age behavior that should prompt us to reconsider our approach to the «machine». It 
may be that there is an excessive concentration in the sphere of augmented learning on 
experiences of higher education, university, and lifelong learning and corresponding 
neglect of the equally interesting spheres in which the use of «machine» is introduced 
during the fi rst years of school.

It is undeniable that there will be always a space within us as adults for the child 
we once were, a child that continues to operate undisturbed at a more or less conscious 
level. We should therefore not fi nd anything strange about the importance attached by 
children to collaborative aspects (allowing everyone to be joint protagonists) and the 
absolute value they attach to the context of play (as demonstrated by the success of the 
MMPORG). Their appreciation of rich, multimodal sensory interaction in which greater 
importance is assumed by images, fi lm clips, and tangible elements should strike us as still 
more natural. Such appreciation is in any case also found in the activities of adults. This 
should prompt us to focus greater attention on natural interfaces and interactions and 
to ask ourselves a question. Are we sure that augmented learning and, in more general 
terms, the learning experience of the future will continue to use «machines» complete 
with screen, keyboard and mouse, and that the «machines» will continue to be the more 
or less rectangular boxes that now clutter our desks and fi ll our briefcases?

Carlo Giovannella
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1. Introduction: a broader meaning for «open»
When speaking about «open» software, we generally mean that code should 

be readable and modifi able. Certainly, opensource has been a revolution and has 
changed the scenario of technology application in education, especially as re-
gards the development and administration of web applications like e-learning 
platforms.

While all this is common knowledge, when we look closer at the «open» con-
cept, some questions arise. 

Many opensource platforms1 can often be as performant and robust as pro-
prietary ones. However, we may ask ourselves if our effort to build opensource 
platforms is worthwhile. How many users will benefi t by its openness? And what 
type of benefi t/s will they reap? Is the simple fact that our software will be openly 
developed a real improvement from all points of view?

In this article we intend to demonstrate that there is, indeed, a close relation-
ship between the «open» concept and the digital learning environment, assuming 
that the meaning of «open» is extended beyond the application code.

Let us discuss the fi rst question: how many users are directly affected by open-
source in e-learning?

The idea behind opensource («if you don’t like the way a software behaves, just 
fi x it»)2 has proven very powerful and seems indeed extremely attractive to all of 
us with a do-it-yourself attitude. 

While the possibility to modify source code is, in principle, positively wel-
comed by all users, the size and complexity of real life computer applications 
goes far beyond the competences of most of us. It is a fact that the competences 
required to modify an opensource software are not trivial; this simply limits the 
profi le of users genuinely concerned by the «open» question only to professional 
programmers. The end-user of a software normally cannot — or simply doesn’t 
care to — debug or modify it.

This is especially true in the education fi eld. Teachers — as well as school or 
university administrators — like opensource platforms because they are free, not 
because they are open. Perhaps they are aware that the openness of source code 
has secondary advantages. They believe that the overall technical quality of open-
source platforms is often high, because a lot of users can read the code and fi x 
bugs. From an ethical point of view, open3 software can be an interesting model 
for the relationship between work and market to be discussed in a history course. 

1 http://www.unesco.org/webworld/portal_freesoftware/Software/Courseware_Tools.
2 http://www.opensource.org/advocacy/.
3 We are not so rigid here in distinguishing between open software and free software because teachers 

often do not.
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As another collateral effect, it encourages schools to redirect economic resources 
normally spent in acquiring software licenses from international software houses 
toward young local programmers — perhaps toward schools’ alumni.

So far, however, openness does not directly affect most e-learning users, such 
as teachers and students. 

To be really meaningful to them, «open» should mean that all users (not only 
programmers, or IT administrators) can modify and re-arrange a digital learning 
environment (or a small part of it) to satisfy their needs. We should extend the 
notion of «open» to include every user: open to programmers, but also open to 
teachers and to students. 

We should borrow the defi nition of «open» from other contexts, like the «open 
university». An open platform should be fl exible, adaptive, centered on user’s needs 
more than on technology. 

If we intend to follow this direction, we cannot limit discussion to source 
code of software, but rather we should speak of «open» at different levels: code 
level (open source) but also document level (open content), structure level (open 
architecture) and accessibility (open interface). We should also start to consider 
open evaluation.

The second — and perhaps main — question is: why is it so important to 
design «open» (as in the defi nition outlined above) e-learning platforms? This leads 
us to discuss the pedagogical theory that underlies platform design.

Constructivism — probably the most widely accepted theory of learning to-
day — says learning is not just acquiring knowledge. From Ausubel to Jonassen, 
learning has been recognized as (a) a contextual activity that modifi es (b) existing 
learner’s concepts and (c) the way concepts are organized in her/his mind. 

Environment — the context — is a fundamental element of the learning proc-
ess; it has an infl uence upon what we are learning and also upon how we learn. 
And when we have fi nished restructuring our knowledge, we start to rearrange 
the context itself. 

We can think of learning as the process by which a subject — human or not 
— takes control over an environment. At the beginning s/he is relatively passive, 
and only reacts to stimulations that come from the environment. Progressively, s/he 
becomes more and more active, understands facts and makes some generalizations, 
until s/he is able to modify environment rules. Control over the situation changes 
hands from the environment to learner. 

Learning is a form of inquiry aimed to clarify non-determined situations.4 
While learning, we shift the border line between what we know and what remains 

4 This is a free re-formulation of Dewey’s transactional approach to knowing which explicitly includes 
environment; an approach that we fi nd very suitable to go beyond constructivist theory of learning. 
See Dewey and Bentley, 1949.
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unknown. We constantly restructure our mental representation of the environ-
ment (as we do, for example, after a fi rst glance at a new software interface); but 
the more we know about environment rules and feel comfortable with them, the 
more we try to modify the environment itself. While adapting ourselves, we also 
adapt the environment to our needs. Our success in doing this is the main indica-
tor of our new competences.

In real life this can be a long and dangerous process, so we created protected 
educational environments, like schools, that are expressly designed to progressively 
let the learner take control.5 

This is why digital learning environments must be designed in an «open» 
perspective. To truly allow for learning to take place, a platform (like a digital 
learning environment) has to be designed explicitly to be modifi ed by users. If we 
really want students (but also tutors and authors) to learn on-line, we should create 
dynamic, always modifi able — at various levels — digital environments.

The remainder of this article is dedicated to the explanation of the full mean-
ing of the expression «open platform», intended as a more general perspective 
that brings together pedagogical, technological and ethical issues, by means of the 
description of the architecture of an opensource platform, ADA.

2. Why
The ADA6 project was started in 2000 by a group of researchers from a small 

software house with mixed professional backgrounds, ranging from computer 
science to pedagogy. 

At that time, some7 opensource e-learning platforms already existed, but the 
basic idea behind the new project was to build an «open platform» for e-learn-
ing: not only an open-source platform, but an open one in a broader sense of the 
word. 

We planned from the beginning to release the code under the GPL license and 
to make it possible to download the software for free,8 to build a community of 
users that would participate and extend the platform. But we were also motivated 
by non-technical reasons, as we will briefl y show below.

5 The concept of «fading» in cognitive apprenticeship theory is perhaps appropriate to describe the 
perspective assumed here. See Collins et al., 1989.

6 ADA is an acronym for «Digital Learning Environment» (Ambiente Digitale per l’Apprendimento). 
Currently (September 2005) we are going to release version 1.8, with some relevant upgrades. See 
offi cial web site http://ada.lynxlab.com for details.

7 Relatively few: Claroline was started in 2000, and ILIAS was registered on Sourceforge in 2001, 
to cite only two major European opensource platforms. 

8 ADA is also registered in Sourceforge, the most important web repository of opensource software. 
See http://ada.sourceforge.net.
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The fi rst reason was the context in which ADA was to be used. The platform 
would be used mostly in non-formal educational contexts: primary and secondary 
schools, volunteer associations, professional communities.9 Therefore, it had to be 
designed to fulfi ll the specifi c needs of this kind of subjects, more than to reach 
state-of-the-art in technology.

Moreover, typical e-learning projects in these contexts are very different from 
those carried out in Universities or in large enterprises.

In this fi eld, the more complex e-learning projects are often faced with scant 
resources, both human and technological. Band width, processor speed and disk 
space are limited resources, on both the server and on the client side. More often 
than not, it is impossible to know in advance which operating system, which 
browser, and which Internet connection will be available to users.

Platform technical requirements will by necessity be very light. In contrast, on 
the other hand, everything must be done to enable users (from administrators to 
teachers) to fi ne tune the platform to better suit their own needs. Fundamental 
requirements in these contexts are open architecture, and a mechanism to person-
alize the platform easily.10 

This approach calls for a trade off: while designing ADA, every time we had 
to choose between advanced functions and more largely supported function, we 
chose the latter. 

On the other hand, the educational projects in this area are often strongly 
committed to major pedagogical principles such as socio-constructivism. It is well 
known that, in adult education, e-learning cannot be simply thought of as knowl-
edge transmission. However, in the formal education context this widely accepted 
principle has often to face the need to teach specifi c and well-defi ned abilities. 
On the contrary, in these non-formal contexts, co-construction of knowledge is 
the rule, and the growth of the entire group knowledge — even though somehow 
ambiguously defi ned — is considered more important than the acquisition of 
skills by single students. 

The typical model in an e-learning course of this kind is peer-to-peer education, 
with no clear distinction between teacher and student, where every participant is 
in turn teacher and student.11 

With this horizontal interaction model, it is not rare that e-learning projects 
are simply supported by collaborative web environments, allowing the exchange 
of messages in a synchronous and/or in an asynchronous way. We started to design 

 9 We started to test ADA within a teachers web community, named Altrascuola. Many of the ideas 
illustrated in this article are the outcome from discussion of designers with authors, tutors and 
students. In this sense, ADA has been (co)built by its users. See http://corsi.altrascuola.it.

10 See below, 2.1.
11 We can think of this context as a community of practice. See Wenger, 1998.
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ADA bearing in mind that an e-learning platform cannot be just another name for 
a suite of different communication tools (chat, forum, etc). The possibility to build 
knowledge together depends on the availability of tools that enable all participants, 
at different levels, to share their knowledge, to structure it in conjunction with 
each other’s one, to personalize it and to reuse it again in different contexts.12 If 
knowledge added by teachers («theory») should not be radically different in type 
from knowledge added by students («experience»),13 communication tools must 
really be integrated with knowledge authoring tools.

Here again, we extend the meaning of «open», this time from the technology 
area to the content area. An open platform should be capable of receiving all kinds 
of learning content, from all users, and of organizing them in fl exible structures 
that can be dynamically searched, modifi ed and exported.

The problem of copyright, that immediately arises, brings us to the topic of 
«open content». «Open» does not necessarily stand for «free». Different kinds 
of license are currently available (FDL, Creative Commons, etc) in contrast to 
standard copyright management. While this is not the place to go further into this 
point, it is just worth mentioning that every piece of content in ADA is marked up 
as «copyright type» property, to allow any licensing policy.14 In principle — and 
this is one of the directions for future development in ADA — even links, book-
marks and routes can be licensed in one manner or in another. Not only code 
and content, but also structure can be open or proprietary. This will no doubt be 
the next battle fi eld.

This «open» approach would be embedded in all aspects of the ADA platform. 
Let us look briefl y at how this has been done from a technical point of view.

3. How
Some general choices in ADA design can probably be easily foreseen by expert 

readers at this point. 
First of all, from a user point of view, ADA should not be committed to a par-

ticular operating system, nor would it require a specifi c browser or an additional 
plug-in. All pages sent to browsers by ADA are compliant with W3C specifi cations 
for HTML 4 and to WCAG 2.0 recommendations. Possibly, a textual browser 
such as Lynx can be used to navigate in ADA.15

12 This can be seen as an application of the Nonaka and Takeuchi SECI model of knowledge con-
struction in organization. See Nonaka, 1995.

13 See below, 3.3.
14 Normally course authors are not requested to specify under which license they intend to release 

their content.
15 This is true for ADA interface, not necessarily for course contents. Authors may decide to embed 

Flash movies or Java application that require students to download some additional software.
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With regard to the server, ADA can be run on every SQL-based DBMS (from 
MySQL to Postgres, from MSSQL to Oracle) and only requires a web server with 
a PHP 4.* interpreter.

As for interoperability, we don’t want to tie ADA to any specifi c standard. 
Technical standards are very important in the enterprise world, where they can 
help to reduce costs when migrating from one system to another; much less in the 
educational fi eld, especially if they restrict the authors’ didactic creativity to some 
specifi c model of content unit and of assessment tool. 

We thought that a strict compliance with international e-learning standards 
such as SCORM or AICC would be excessive in ADA, but to protect authors’ 
work in the future and to simplify data exchange we chose simply to use XML 
(with a public DTD) as a general, open format to interchange for course data 
between the authoring module and online platform. This choice allows every user 
to extract meta-information (from structure to contents) from an ADA course 
without being tied to a specifi c software and operating system, and possibly to 
reuse it within another platform. 

Moreover, all texts are internally coded in HTML and authors are asked not 
to use proprietary fi le formats (such as PDF, PPT) if not absolutely necessary. 
This restriction is set not only to improve accessibility, but also to allow full-text 
search and analysis: ADA offers all users a «dynamical» lexicon, that is an index of 
words used by authors and students ranked by frequency. But it also allows users 
to export learning contents by means of a RDF-like mechanism: from outside 
ADA, another e-learning platform (or web service) can request for a node content 
and receive just the XML version of it. This interface independence — more than 
WCAG compliance — permits disabled students to obtain content in a format 
more suitable than HTML to be read from a text-to-speech synthesizer. 

Looking more closely at the ADA structure, we can now illustrate four main 
topics: modularity, accessibility, knowledge construction and evaluation.

3.1 Modularity
As seen above, open architecture is a major requirement in standard educa-

tional fi elds. Like many other opensource e-learning platforms, ADA is built with 
a modular approach. Moreover, the coding style is an object-oriented one; every 
major function is implemented as a class method. A simplifi ed version of class 
hierarchy shows like this:

Users
 Author
 Tutor
 Student
 Administrator
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Content Objects
 Node
  (Terminal) node
  Group
  Note
  
 Link
 Bookmark
 Exercise
 Multimedia resource

Interfaces
 XML
 HTML
 HTML_elements
  Table
  List
  Form

 
The database is connected and queried within a single low-level module (AMA, 

the ADA Middle API) which in turn uses a standard PHP package named PEAR; 
no SQL query is needed in other parts of the application. This is done to maximize 
portability and to ensure ease of code maintenance. While this obliged ADA pro-
grammers to use only a subset of SQL instructions, installing ADA on a different 
DBMS simply requires changing the confi guration fi le.

All contents are sent to browsers via a template engine and (almost) no HTML 
code is directly embedded in the application script, except for that required to 
format dynamic data (course index, etc).

For this type of data, all HTML elements (tables, lists, forms) are built by means 
of respective object methods. Once again, code maintenance is much simpler. 

In addition, a user-module loading mechanism has been developed which al-
lows programmers to easily write a new module inheriting methods from AMA 
classes, exploiting template engine/s, and so on.

3.2 Accessibility and usability
As previously stated, ADA interface is completely separate from code: it resides 

in several HTML templates with their associated CSS. These templates are dynami-
cally loaded from ADA depending on user status and on request. For example, the 
interface for viewing a course element will obviously be different whether requested 
by a student or by its author; so two slightly different templates have been designed 
for the same module, but only one of them is loaded at runtime.

This mechanism can be controlled by users. Every module has its own interface, 
but for a single module, several different «styles» of interface may exist. Style, in 
this context, means something rather general: fonts, dimension and color, but also 
content disposition, icons, etc.
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Style can hide some irrelevant information, or stress other, in association with 
the user’s cognitive abilities and styles, or, simply, his/her preferences. 

Templates are arranged in a hierarchical order, from general to specifi c, and are 
the responsibility of the different type of user:

Level User

Platform (all courses) Administrator

Course (all classes) Author

Class (all nodes) Tutor

Node Student

More specifi c levels override general levels. When a confl ict arises, the specifi c 
needs of a student are considered to be more important than those of the stylistic 
choice of an author for her/his course.

Thus, while an administrator can choose a general style which is well-adapted 
to the entire web site, an author may prefer a style which is better suited to his 
course domain. A tutor can simplify the interface so as to meet the navigation 
abilities of his class, or a student can decide to hide all unnecessary icons and but-
tons as long as s/he does not need them.

3.3 Knowledge construction
The course author is not the only user who owns the knowledge. An adult 

student can rarely be regarded as a tabula rasa with no knowledge of the course 
matter. S/he surely has a partial, perhaps incorrect, knowledge; but probably has 
a lot of experience in a similar fi eld which can be recalled and used by means of 
analogy.

In ADA — as in every socio-constructivist labeled platform — an e-learning 
course is viewed as a process by which a (virtual) group can share, structure and 
personalize knowledge; the platform is the (virtual) place where this process can 
take place. From this perspective, authors are simply those users who start the 
process by selecting (or producing) relevant documents and structuring them with 
the aim of facilitating learning. 

Tutors provide more information by means of platform communication func-
tionality (e.g. message, agenda, chat). 

However, from the beginning of the course, all participants (students, as well as 
tutors and authors) are invited to enrich the course’s documents with comments, 
personal notes, links, original multimedia materials and so on. These bits of knowl-
edge are what distinguish every edition of a single course from all the others.
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This is possible because in ADA all learning content is managed by means 
of two main types of objects: nodes and links. Every piece of content in ADA is 
a node, published either by an author, or by a student. A node has some persist-
ent properties, such as «title», «keywords», «author», «type», «level», «parent» 
and can be enriched with multimedia content (i.e. photos, sounds, external text 
documents, Internet resources). Nodes can depend on other nodes, but can also 
be linked to other nodes in a complex hierarchy which is represented for users 
as a map.16

This approach has some interesting consequences. In ADA, the Forum — 
where students and tutor can discuss course topics — is not a completely different 
environment, as in others platforms. When a student reads a course unit, s/he can 
start a discussion on a theme related to the unit simply by adding a note (such as a 
«post-it») to that unit. Every other user (students, but also tutors) can reply to the 
note, or to the original unit. Moreover, they can navigate through notes, search 
for one of them, see an indexed view of all notes of the course, and so on.

Strictly speaking, the Forum is simply a fi ltered view of the dynamic structure 
of course, which highlights notes added by students while hiding the authors’ 
contents.

Two more details must be illustrated at this point. The fi rst concerns the col-
lective construction of knowledge, one of the major themes of current refl ections 
on e-learning. 

Some of this new piece of knowledge (notes) can be promoted to full node 
status, thus becoming part of the course in its future edition. This can be accom-
plished by both the tutor (who invites the author to take the new proposal into 
account) and author (who may decide to accept or refuse it). While it is presently 
a very basic mechanism, this can still lead to the co-construction of knowledge 
— not as simply pasting works from several authors or different fi elds, but — as 
a continuous refi ning process among all the participants within a learning com-
munity.

The second detail concerns the personalization of knowledge. At the end of an 
ADA course, every participant can download her/his own version of the course, 
fi ltered by keywords and augmented with all notes, bookmarks, and attached 
documents the student has added. Put in Nonaka and Takeuchi terms, this could 
be a step between explicit/public knowledge and tacit/private knowledge: a kind 
of explicit, though private, knowledge.

16 Although ADA maps are very close to classical conceptual maps of J.D. Novak, they differ in 
some aspects. Every node is not just a name for a concept, but has content itself. Higher nodes in 
hierarchy (groups) can be exploded to lower nodes, that in turn can contain other nodes; so we 
could call them «augmented recursive maps». See Novak, 1985.
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3.4 Evaluation and assessment
Evaluation in an e-learning context is a subject yet to be fully explored. While 

it is surely possible to apply standard off-line assessment tools such as tests, we 
assume here that a digital learning environment allows another, more specifi c, 
approach. Evaluation should be considered as an on-line process itself. If we do 
not want to limit ourselves to assessing students’ initial and fi nal competences, 
but want to know about learning itself, about the process of taking control of the 
environment, we need much more data than test results.

Probably every e-learning platform today can track student behavior and show 
tutors what has been read by students, as well as when and how. But lots more data 
are available because all didactic interaction among students, and between student 
and tutor, occurs within the platform. Every message, every comment, every func-
tion activation is recorded by the platform. This can be both an opportunity and 
an obstacle. Technically speaking, the problem is the so called «garbage collection»: 
the process by which non necessary data have to be erased — after a backup — to 
avoid database overload. From an ethical point of view, the problem is to what 
extent are we authorized to record and analyze these data without violating student 
(and tutor) privacy. There are, nevertheless, some advantages. The open approach 
implies that we save these data in a format suitable for subsequent processing, even 
with external tools. Once again, XML is probably the less effi cient, yet the more 
open choice; that is, the less engaging one for future needs and techniques to ap-
pear. We are currently developing a backup system that prevents privacy violation, 
while allowing for different analyses on group learning.

By processing these data, we can then answer many questions:

– what navigation style do students use in course?
– how much does a student interact with other students and with tutor, and 

how?17

– which terms and expressions are most frequently used in forums and chats?
– how does this distribution vary during course navigation? 

The results of these analyses can give insights when evaluating the (possible) 
evolution of a student, or — more signifi cantly — of an entire group within a 
course edition. We may also want to compare different course editions, to discover 
regularities (for instance: a relationship between the tutor’s scaffolding messages 
and the students’ navigation style adjustment). This is not only an issue for the 
researcher, but also a form of self-evaluation practice for tutors when trying to 
refi ne their support for learning groups.

17 An effective tool to manage these data could be Social Network Analysis. See Mazzoni, 2005.
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This kind of analysis is computationally too heavy for a web application, and 
is better accomplished off-line. However, in ADA a less specifi c, on-line analysis 
module is available to tutors and students to monitor the direction of an ongoing 
learning process in real time. Not only tutors, but even students can read a report 
about their activity with seven parameters (messages sent and received, added notes 
and node visits, exercises and score, level). Some of these values are compounded 
in a single index18 that can be used to «freeze» the global interactivity of the stu-
dent. Moreover, every student can compare her/his values with the average for the 
group. These values can also be exported to a data sheet to be submitted for further 
analysis, or can be represented in a more concise, graphical form.

4. Conclusion: learning platforms?
Open platforms are designed to be modifi ed by users. This simple working 

hypothesis forced us to make choices during every stage of ADA design, from 
architecture to interface. At the end of this description, we may, perhaps, assume 
another point of view.

E-learning platforms are complex objects. Sometimes we still think of them 
just as simple teaching machines, an algorithm repeating the same operations for-
ever. We represent them as tools to support learning, more than as environments 
where learning takes place. To try to go beyond this simplifi cation, we shall use a 
metaphor. A digital learning environment can be seen as an organism; after being 
designed and built, it starts to «live» autonomously, to evolve and to mutate. It is 
its «natural» way of behavior: there is an interchange of data with authors — who 
input their course materials — and with students — which put in performance 
and navigation data. There are also critical moments and phases of rapid growth, 
when programmers proceed to code debugging, adding new modules, or else re-
structuring platform while it is still running. Every platform starts (near) empty, 
without data. During its life, it of necessity gathers more and more information, 
which it rearranges and changes to respect evolving situations. Even without as-
suming intelligence and intentionality, we may be tempted to speak of learning 
platforms to describe this evolution.

Thinking of a platform as open (as different from simply designing an open 
platform) may be the right way to refl ect on and further investigate this strange 
type of evolution. 

18 This simple expression (added_notes * 7) + (message_count * 5 ) + (exercise_count * 3) + (his-
tory_count * 2) clearly gives more importance to actions that convert tacit to explicit knowledge 
(i.e. notes and messages) than vice-versa. It has been proved signifi cant for standard groups (20-
25 students) and for medium dimension courses (count of units <100) as a tool to discriminate 
among «writers» and «readers».
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conducted a technical audit and user study that examined the support being 
provided by popular online learning management systems for students with 
disabilities. Both studies revealed that none of the current systems was 
inclusive to all potential learners. What evolved out of the results of these 
studies was the ATutor Learning Content Management System, which was 
developed with the guiding philosophy of «accessibility and adaptability» 
for all. The development team’s initial focus was to develop a system that 
was accessible to all potential users regardless of the technologies they 
might be using to browse the Web. We were also intent on creating a system 
that would adapt to the learning needs or styles of individual learners, and 
providing a teaching environment that could be adapted to the pedagogical 
preferences of the instructors using it. Lastly, the team focused on making 
the system highly customizable, so groups using ATutor could easily modify 
the look and feel of the learning environment. ATutor continues to evolve 
and expand. Many related secondary projects are underway to extend its 
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1. Introduction
The ATRC completed two studies that evaluated the accessibility of online 

learning environments for people with disabilities, and, more specifi cally, those 
using adaptive technologies to access the Web. 

First, the «Courseware Accessibility Study» (Gay, Harrison, Richards, and Tre-
viranus, 1999) was a technical audit that assessed the compliance of seven popular 
commercial Learning Management Systems (LMS) with the W3C Web Content Ac-
cessibility Guidelines (WCAG 1.0, Chisholm, Vanderheiden, & Jacobs 1999). 

Second, the «Inclusion in an Electronic Classroom» (Gay, Landon, and Trevi-
ranus, 2000) study recruited learners with various disabilities to participate in an 
online disability advocacy course of six weekly lessons each presented in a different 
LMS. An observer accompanied each student during the lessons and recorded any 
diffi culties they had with standard sets of activities (e.g. reading content, posting 
forum message, adding resource links, etc.).

In both studies it was found that existing learning management systems did 
not provide full support for students with disabilities. While some systems fared 
better than others, none allowed students across all disability groups to participate 
in every learning activity offered by a system.

At the time of these studies public awareness regarding Web accessibility issues 
was minimal. The typical LMS developer had no concept of accessibility, or the in-
clusion of students with disabilities in online courses. Since then, public awareness 
has improved considerably, and most LMS developers are now addressing issues 
of inclusion. In most cases, however, developers are retrofi tting existing systems to 
make them more accessible. While this may be the only option on mature systems, 
it can be costly and time consuming. Addressing accessibility from the outset is a 
more effi cient and cost-effective approach.

As a result of the LMS studies, the ATRC embarked upon a project to develop a 
fully accessible LMS, with accessibility built into the system. The ATutor Learning 
Content Management System (LCMS) is the outcome of that project. 

Most readers will be familiar with the LMS classifi cation, while LCMS is a 
relative newcomer to the realm of e-Learning. The primary difference between 
the two is in the handling of content: an LCMS is more of a content author-
ing/management tool, while the LMS is primarily a course, enrollment, results 
management tool. In reality, however, the boundary between the two has become 
blurred, with most systems now adopting both course and content management 
tools. ATutor includes most of the tools found in an LMS, in addition to its col-
lection of content management tools.

The description most often associated with ATutor is «an open source LCMS 
designed with accessibility and adaptability in mind». Accessibility and Adaptability 
were the primary goals in the development of ATutor.
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2. LMS Accessibility
The fi rst major focus in the creation of ATutor was to ensure the system was 

accessible to people with disabilities. While discussing the technical aspects of 
authoring accessible HTML might be useful, such tutorials are plentiful on the 
Web, so the focus of this section will be on usability and making a learning envi-
ronment fully accessible. While it is possible to achieve technical compliance with 
accessibility guidelines, it is also possible to be technically compliant but have a 
system that is not usable. 

By far, blind users face the most barriers when learning online, and much of 
the following discussion will make reference to them. A blind person will likely 
use a screen reader to access the Web. A screen reader essentially extracts the text 
and surrounding structure from a Web page or an application, and reads it aloud. 
Screen readers usually include a variety of utilities for such things as extracting 
a list of links or the headings on a page, or listing the frames present, making it 
easier to navigate within Web content by utilizing the structural elements within 
the HTML markup. 

The strategies that follow have all been implemented in ATutor, and should be 
a part of any such system to ensure full accessibility to all users. 

2.1 Visual Content
Perhaps the most obvious barrier for blind users is graphical content, such 

as images, videos, and other types of multimedia that do not include alternative 
formats. In such cases a text description, transcript, or descriptive audio may be 
the only means through which blind students, or others with disabilities, are able 
to access learning content. That said, the LMS itself is likely only to require text 
descriptions via the HTML Alt attribute for images used within the interface. 
Other alternative formats are more applicable to the content that might be pre-
sented in the LMS. Where a system does allow the creation of multimedia content, 
a means must be provided to allow the author to add text alternatives for what 
would otherwise be inaccessible content to blind users.

While it may be the responsibility of the external authoring tools to provide 
a means of including alternative formats, tools such as the AChecker (Ridpath, 
2004) Web service can evaluate content accessibility as it is being assembled in 
an LMS. 

2.2 Complexity of the Interface
Complexity is another barrier, not only faced by blind users, but also by those 

with cognitive disabilities, or even novice users who may be unfamiliar with the 
Web or online learning systems. As complexity increases a learning environment 
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becomes more diffi cult to use, taxing cognitive capacities that should be devoted 
to content learning. The ability to simplify the environment will improve usability 
for all users, not just those with disabilities. To simplify the learning environment, 
an LMS must allow users and instructors to minimize information presented on the 
screen at any time. In addition to minimizing information, an intuitive navigation 
system must also exist allowing users to move between screens or features without 
requiring too much thought. All signifi cant features should be accessible within 
one or two mouse clicks.

2.3 Within Screen Navigation
The ability to navigate within screens of an LMS can greatly improve usabil-

ity for screen reader users. The most common navigation element of this type is 
frequently referred to as the navigation bypass link. It is often an invisible 1 pixel 
by 1 pixel image located in the top left corner of the screen, linked to an anchor 
at the start of the primary content appearing further down the page. The Alt text 
associated with the image might read «Bypass navigation and jump to content» 
or something to that effect. When blind users navigate into a page they can select 
the bypass link and reposition the cursor at the beginning of the content area. 
Without such a link, screen reader users may be forced to listen to the naviga-
tion links being repeated over and over for each page before reaching the relevant 
instructional content below. In many cases there are dozens of links at the top 
of each screen, which can add considerably to the amount of time it takes blind 
students to navigate through course content. 

Bypass links can also be used to jump to a navigation bar or to a table of 
contents, but such links should be restricted to key elements within the learning 
environment. Bypass links might also be used to skip over data tables, embed-
ded multimedia objects, an alphabetic list, or any other repetitive or complex 
content.

2.4 Data Tables
While data tables might include a bypass link enabling screen reader users to 

skip past the table, in many cases these learners will want to listen to the content 
of the table, as well. As data tables become larger they become increasingly more 
diffi cult to comprehend, requiring blind users to remember where they are within 
the cells of the table. It also becomes more diffi cult to make associations between 
the content in a data cell and the heading for the column or row in which the data 
appears. Without some form of explicit association between header titles and data 
cells, most screen reader users will become disoriented. The solution is generally 
quite simple; including the «scope» attribute (i.e. scope=«col») in the cells of the 
header column or row causes the screen reader to announce the header titles when-
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ever the data cells are read, thus easing the strain on a user’s memory. Multi-level 
header rows in data tables can also be marked up to associate the header labels with 
specifi c data cells using the «headers» and «id» attributes within every data cell. 
This technique, however, is more complex than the one previously described.

2.5 Web Forms
Web forms can also present barriers for some users. The easiest way to ensure 

that forms are accessible to all users is to explicitly label form fi elds using the 
HTML Label element. This ensures that form fi elds do not become separated from 
their text labels if the screen is resized, for example. This technique also enables 
users to activate the respective fi eld by clicking on the label. Being able to click 
on a label can be important for those with mobility impairments who might have 
diffi culty positioning a mouse pointer over a tiny form element such as a radio 
button or checkbox. Another way of making Web forms more accessible is to 
group related content (i.e. all personal information is grouped together, all address 
information, all student information, and so on). Grouping related fi elds also helps 
to avoid overtaxing a user’s memory. Required fi elds within a form should also be 
grouped together and labeled as such so that users do not have to guess whether 
the information is mandatory or not. The required fi eld label should be defi ned 
before the beginning of a form rather than after it. 

2.6 Functional Feedback
Imagine for a moment that a blind user has just submitted the registration 

form described above, but omitted a required fi eld within the form. The page 
reloads after submitting the form, and the screen reader is repositioned at the de-
fault top left corner of the page and begins reading. The fi rst question that comes 
to mind for this users is «Did the form submit successfully?». This person could 
navigate through the page to see if there were any error messages generated, and 
if not make the assumption that the form submission was successful. Finding er-
ror messages — if present — requires both time and effort. If a navigation bypass 
link is available, and the error messages consistently appear immediately after the 
anchor, discovering such messages can be relatively easy. If, on the other hand, error 
messages appear beside the missing fi elds, it will take users longer to fi nd them, if 
they are found at all. If no error messages are found, a user can sometimes assume 
the form was successfully submitted, but a sense of doubt will remain. Consistent 
use of both positive (success) and negative (error) feedback is very important for 
improving usability, particularly for blind users, but also for those with cognitive 
disabilities. It can also be useful to suggest a course of action in feedback messages. 
For example, feedback provided after a registration form has been successfully 
submitted might suggest logging into the system, and provide a link to the login 
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screen. If an error occurred, a direct link from the message to the location of the 
error can greatly speed up navigation for users with disabilities.

2.7 Consistent Presentation
Consistent presentation of features within an LMS is also important in order 

to improve usability and accessibility for screen reader users. When a blind user 
initially enters the LMS he or she will generally attempt to imagine the layout of 
the environment, and develop a mental picture of where features are located on the 
screen. Once a mental picture has been memorized, blind users can usually fi nd 
their way around the environment much like anyone else, assuming the environ-
ment remains consistent. When features of the environment change from page 
to page, a blind user will often become disoriented and lose focus on the learning 
that should be taking place within the context of the course content. 

There are times, however, when inconsistencies can be useful — to highlight 
changes such as the availability of a test, for example. If a «Tests» tool suddenly 
appears in the interface where one did not exist before, the user is likely to stop 
and consider this new information before proceeding. 

With regard to feedback described above, it is important to position the feed-
back messages in the same place on the screen for each page, preferably at the top 
of the content being presented, and consistently after specifi c types of actions, 
such as submitting a form.

2.8 Structured Content 
While less associated with the LMS itself, well-structured content can greatly 

improve usability for screen reader users. In most cases this means using properly 
nested heading markup to section content within a larger document. As mentioned 
earlier, screen readers will include a utility to extract the headings on a page (as-
suming they are properly marked up using the HTML elements H1, H2, H3 and 
so on). This feature presents a quick summary of the content on the page, and 
also provides quick navigation through the various sections within a page. If the 
section of interest is at the bottom of the screen, choosing the last heading listed 
will take the user directly to that section. If headings are not marked up with 
heading elements, the page will appear as a single block of text. To reach the last 
section within a page, blind users would be required to navigate through all text 
that appeared before it.

3. LMS Adaptability
Another major focus in the creation of ATutor was the system’s adaptability for 

learners, instructors, and administrators. This section describes the adaptability 
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of ATutor. The adaptive strategies described below have all been implemented in 
ATutor, and should be a part of any such system to ensure that full participation 
is possible for all users. 

3.1 Student Adaptability
In addition to being able to adapt an LMS to function effectively with assistive 

technologies, from the perspective of cognitive science, a system should also adapt 
to the learning tendencies of individual learners. While human learning is highly 
complex and much about it is still hypothetical, there are a few so-called «givens» 
in our understanding of how humans learn. In an attempt to create a system that 
adapts to learning tendencies, a simplifi ed six-point model was used to provide a 
structure for creating the system. Three perceptual tendencies, and three structural 
tendencies make up the model. These six points do not represent all possible styles, 
abilities, or representations of knowledge, but do provide a good starting point 
from which to design a system based on a theoretical understanding of human 
cognition. In most cases learners will exhibit all of the perceptual and structural 
styles mentioned, though often they will prefer some combinations to others. 

A six-point model for designing an adaptive learning system:

• Perceptual learning and processing styles:
 1. Verbal
 2. Visual 
 3. Kinesthetic 

• Structural representations of knowledge:
 1. Sequential
 2. Hierarchical
 3. Global

3.1.1 Perceptual Styles

Perceptual styles are accommodated in ATutor by providing learners with mul-
tiple means of perceiving the learning environment. By default, all features accom-
modate verbal preferences (i.e. reading text). Most learning management systems 
are verbally oriented, accommodating those whose preference is written content. 
With traditional pedagogical approaches, most classroom learning is also geared 
toward verbal learners. In online learning environments, the opportunities for 
providing alternatives to verbal information is much greater for those who prefer 
other means of learning (i.e. seeing, hearing, doing) as their primary means of 
absorbing new information.

During the writing of this article, the ATalker add-on for ATutor was being 
developed to provide an audio enhanced learning experience for those who learn 
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better by hearing content, perhaps in addition to reading it. Students themselves 
are able to use ATalker to convert text content into either a WAV, OGG or MP3 
audio fi le that they can listen to in a typical multimedia player. Instructors can 
also use ATalker to generate audio-based content and, using the SABLE (Bell 
Labs, 1999), or SSML (Synthesized Speech Markup Language) (W3C, 2004) 
markup languages, create high quality synthetic audio dialogs to accompany their 
text-based content. Administrators can generate a wide range of voices for the 
ATutor system that play when a mouse pointer hovers over an interface element or 
when a feedback message is generated. To accommodate visual learning preferences, 
student tools generally include a visual representation (i.e. an icon) so those who 
would rather navigate via graphical links can do so, minimizing the need to read 
text. Visual representations are helpful for those with learning disabilities or other 
cognitive disabilities, but they are also useful to those whose primary language dif-
fers from the learning environment in which the content is being presented. The 
interface is also presented in a consistent manner so that visual learners can create a 
mental image or map of the interface and locate tools through visualization. To ac-
commodate kinesthetic preferences, the environment is fully accessible via keyboard. 
The system will function effectively without a mouse, though a combination of 
keyboard and mouse is generally the most effi cient way to navigate through ATutor 
for those with kinesthetic talents. The HTML Accesskey attribute is included with 
many features making it possible to learn a set of standard keystrokes to control 
the ATutor environment.

3.1.2 Structural Styles

Structural styles are accommodated in ATutor by providing learners with mul-
tiple means of navigating through content. 

Sequential links allow learners to navigate through content in order or, if they 
prefer, enable them to include additional structure where content becomes more 
diffi cult. 

Hierarchical content structures are provided for those who prefer to move up 
and down through topics and sub-topics. Breadcrumb links (i.e. a string of links 
that enable users to retrace their steps through visited pages), a table of contents 
for each content section, and hierarchical visual presentations of content structure 
are displayed in the Sitemap and in the Content Navigation menu. Hierarchical 
representations can also be enhanced with optional topic numbering (e.g. 1.2, 
1.2.1, 1.2.1.1.) which also helps represent the hierarchical structure between topics 
and sub-topics for those with numeric talents.

Global content structures are also provided for those who prefer to move around 
within a content area through related topics, and for those who prefer to develop 
a «big picture» of a content area before they tackle the fi ner details. The Sitemap 
and the Content Navigation menu allow learners to view all content topics at once, 
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and move through topics in any order they choose. The Content Navigation menu 
also allows learners to limit the size of the global menu display, focusing on smaller 
global units (such as the topics within a single learning module, for example).

3.2 Instructor Adaptability
Instructors have the same perceptual and structural elements available to them 

as learners do. The focus on adaptability for instructors, however, is more toward 
providing a broad collection of tools to allow them to apply any combination of 
pedagogical approaches. 

The following describes only four of the myriad of pedagogical approaches 
available to instructors, and how they might be accommodated in an online learn-
ing environment. Traditional and behaviourist approaches are discussed briefl y, 
with additional details and examples provided for more current cognitivist and 
constructivist approaches.

3.2.1 Traditional Transmission

The traditional transmission model of teaching and learning has fallen out of 
favour in recent years, as science has come to understand that such educational 
instruction is generally less effective than most other teaching methodologies. 
Nonetheless, ATutor can be used to transmit knowledge (i.e. post content) and 
test learners’ assimilation of that knowledge through quizzes or tests. 

3.2.2 Behaviourist Approach 

The behaviourist pedagogical model (which is similar to the transmission 
model) has also lost some of its appeal as cognitive theories began to take hold 
in the 1980s. Behaviorist approaches focus on delivering subject matter through 
sequencing, reinforcement, and learner control. The SCORM (Sharable Content 
Object Reference Model) utilities (ADL, 2001) found in ATutor support such a 
behaviourist model, providing sequences of learning content controlled by the 
learner, based on behavioural outcomes (i.e. answers to test questions). Learners 
review or experience subject matter, test their knowledge of that subject matter, 
receive feedback about their progress, and are directed to the next topic in the 
sequences of topics based on their test outcomes. For example, a subsequent or 
advanced topic may be available if a test is passed, while a remedial module or 
review of the topic might appear if a test is failed.

3.2.3 Cognitivist Learning

As a Web-based learning environment, ATutor is built primarily on a cognitiv-
ist model, with an interface based on an understanding of how humans process 
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information, and how that information is stored in memory. By default, ATutor 
is presented in visual, verbal, and kinesthetic forms, while learning content within 
it is presented in sequential, hierarchical, and global forms.

Cognitivist approaches encompass many concepts including discovery learn-
ing, scaffolding, instructor as coach, problem-based instruction, learner control, 
cooperative learning, metacognitive devices, and active engagement, among others 
(Deubel, 2003). All of these concepts are based in cognitive theory and with an 
understanding of the processes that are occurring in the mind of a learner.

3.2.4 Constructivist Pedagogy 

Constructivist approaches have become popular in the past decade. Con-
structivist pedagogy essentially includes teaching and learning strategies in which 
learners construct knowledge, generally as a group or social activity. Much of 
constructivist theory is based on cognitivist approaches with added emphasis on 
the construction of knowledge and the social aspects of learning. Essentially, learn-
ers are given a task and asked to work together to fully defi ne the problem. They 
gather resources, and assign duties to group members who proceed with their 
individual tasks constructing their piece of knowledge. The group then comes 
together and assembles the various pieces of knowledge into a complete unit that 
thoroughly addresses the assigned problem.

In ATutor there are many ways in which to support a constructivist approach 
to teaching and learning. Tools such as the Link Database, TILE repository, and 
course glossary can be used to gather resources. The tools in the ACollab group 
collaboration add-on can also be used to gather resources, and for cooperative 
document authoring, allowing group members to take on sub-tasks in creating a 
group paper or project. 

The EWiki add-on for ATutor can be used for entire class knowledge-build-
ing activities. Instructors can begin the activity by defi ning a problem. Students 
then branch from the main problem space to create their own sub-topics, gather 
resources and documenting their fi ndings to share with classmates. As resources 
and documentation materials are gathered, topics are linked together to form a 
web of knowledge all relating back to the initial problem.

A variety of communication tools are also available within ATutor to accommo-
date the social aspects of learning. Both synchronous and asynchronous tools allow 
students and teachers to communicate in real time, or at any time it is convenient 
for the user. Discussion forums and chats can be limited to a group of students, an 
entire course, extended across courses, or even across all the courses on an ATutor 
system to create a community discussion place. Tools like AComm, a Java-based 
white board and chat application, can also be used for real-time communication 
activities, while the Users Online tool allows course members to communicate 
directly with others currently logged into the system.
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3.3 System Adaptability
At the system level, administrators also have a variety of customizations avail-

able. ATutor uses a cascading template system that separates ATutor’s appearance 
(themes) from its functionality (programming). It is relatively easy to create a new 
look for an ATutor installation with just a basic understanding of HTML. A new 
theme can often be created in a matter of minutes by copying and adjusting the 
style sheet from the default theme, and perhaps modifying the header and footer 
fi les. Characteristics of the new theme cascade over top of the default theme, leav-
ing intact the features of the original look-and-feel that were not modifi ed.

ATutor is an international system that can accommodate any number of lan-
guages. Once a language is installed, the administrator can modify it through the 
system’s Language Manager, making it relatively easy to customize terminology. 
Where a language is not yet available, administrators can translate the new lan-
guage from within ATutor, and export the language pack to share with others.

Created using the interpreted programming language PHP, the ATutor system 
is also platform independent, allowing it to run on any Unix/Linux-, Windows-, 
or Macintosh-based server that has the PHP interpreter installed.

4. Conclusion
ATutor is still in its infancy, with an initial release in December of 2002. It has, 

however, gained wide recognition as a viable open source alternative to commercial 
learning management systems. The «accessible and adaptive» philosophy has raised 
the bar throughout the industry in terms of what an LMS should provide.

Much of the future is already mapped out for ATutor. In the short term, an 
automated module management system will be introduced so that ATutor can be 
extended with a variety of add-on tools that support many different online learn-
ing activities. This will encourage broader participation from those in the ATutor 
community who have developed their own tools and wish to make them available 
to others either as an add-on or as part of ATutor’s core source code thus ensuring 
that their tool will continue to develop as ATutor evolves. 

Development of the ATalker add-on will continue with an audio interface 
being added for ATutor, as well as text reading and audio rendering capabilities 
for learning content. 

The TILE learning objects repository is another parallel project being un-
dertaken at the ATRC. The TILE project is responsible for developing a learn-
ing content repository and content transformation tools. Like ATutor, the TILE 
repository adheres to the accessibility and adaptability philosophy, though from 
a content perspective. Content created in the TILE repository can be enhanced 
with alternative formats to accommodate special needs, and that content can be 
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imported into ATutor, and vice versa (i.e. content from ATutor can be exported 
to the TILE repository).

Development on such projects as AComm and AChat will also continue pro-
viding accessible synchronous communication tools for ATutor learning activities. 
Other projects like the BarrierFree Broadband Authoring Tool and Player will be 
introduced into the ATutor tool set enabling content developers to create acces-
sible video-based content that can be presented from within the ATutor environ-
ment.

Information about these and other ATRC projects can be found through the 
main ATRC Web site (http://atrc.utoronto.ca), and through the ATutor Web site 
(http://www.atutor.ca).
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1. Introduction
The growing popularity of online learning and its increasing acceptance as an 

educational tool among tertiary educators is well documented (Spatariu, Hartley 
& Bendixen, 2004; Green, 2000). The use of discussion forums as a means of 
promoting discourse between online learning participants has also been the sub-
ject of several academic studies (Henri, 1991; Gunawardena, Lowe & Anderson, 
1997; Newman, Webb & Cochrane, 1995; Garrison, Anderson & Archer, 2000; 
Hara, Bonk & Angeli, 2000). Researchers investigating the use of asynchronous 
discussion forums have attempted to identify evidence of critical thinking, which, 
as Bloom et al. (1956) suggested, should be a prime objective of any form of educa-
tion, including online learning. A number of models, the majority of them based 
loosely on Bloom’s taxonomy, have been documented and tested. These models 
have attempted to measure the extent to which knowledge is constructed through 
the collaborative discourse among discussion forum participants.

This paper describes a research study to measure the quality of participation in 
discussion forums. It concentrates on one of the commonly adopted methodolo-
gies, quantitative content analysis, and discusses some of the issues surrounding 
its use. 

The paper then considers some of the systems that could be used to automate 
the process of content analysis focusing on a computerized system that measures 
participation using neural networks. The paper also looks at the design of an 
alternate computerized content analysis system based on Bayesian Networks, and 
discusses the potential of such a system to identify evidence of cognitive activity 
and critical thinking by forum participants. The paper concludes by discussing 
the likely development path for such a system and suggests opportunities for its 
use and future modifi cation.

2. Background
The increased use of online discussions in recent years within courses that are 

exclusively online or use online technologies to enhance on-campus courses is 
clearly identifi ed by Meyer (2004). One of the benefi ts associated with the use of 
online discussions is that a written record of activity is created that can be referred 
to by students for refl ection. These written records can also be studied by academ-
ics who may wish to investigate the types of interactions between participants 
(Meyer, 2004). 

The analysis of discussion forum transcripts has been the subject of academic 
research for some time and several models have been developed that attempt to 
measure the dynamics of discussion forum activity (Fahy et al., 2000; Garrison, 
Anderson & Archer, 2001; Gunawardena, Lowe & Anderson, 1997; Kanuka & 
Anderson, 1998; McKlin et al., 2002; Newman, Webb & Cochrane, 1995; Henri, 
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1991). A number of different approaches have been used to attempt to identify 
participation in online discussions. Spatariu, Hartley & Bendixen (2004), having 
reviewed current literature, suggested that the majority of studies can be loosely 
organised into one of the four categories, according to the construct being meas-
ured: levels of disagreement, argument structure analysis, interaction-based, and 
quantitative content analysis. 

Studies belonging to the level of disagreement category adopt the approach of 
coding messages according to the level of disagreement that is exhibited in relation 
to previous posting. Researchers who used this method include Marttunen (1998) 
and Nussbaum et al. (2002). The argument structure analysis category codes mes-
sages according to the argument quality demonstrated by participants. Researchers 
that have adopted this approach include Inch & Warnick (2002) and Veerman, 
Andriessen & Kanselaar (1999). Interaction-based coding methods place an em-
phasis on the message as part of a larger discussion. Schaeffer et al. (2002), Järvelä 
& Häkkinen (2002) and Nurmela, Lehtinen & Palonen (1999) have adopted this 
approach. The content analysis approach codes messages according to the message 
type. A review of literature suggests that quantitative content analysis (QCA) is 
the most popular approach used by researchers to evaluate quality in discussion 
forum postings. The more commonly cited researchers include Henri (1992), 
Gunawardena, Lowe & Anderson (1997), Newman, Webb & Cochrane (1995), 
Garrison, Anderson & Archer (2000) and Hara, Bonk & Angeli (2000).

3. Quantitative content analysis
Quantitative Content Analysis (QCA) is described as «a research technique for 

the objective, systematic, quantitative description of the manifest content of com-
munication» (Berelson, 1952, p. 519). In its simplest form, QCA involves breaking 
transcripts into units, assigning the units to a category and counting the number 
of units in each category. QCA is described by many, who have used it, as «dif-
fi cult, frustrating, and time-consuming» (Rourke et al., 2001, p. 12). Agreement 
between coders varies considerably and very few researchers duplicate their original 
models to validate their fi ndings. There are however examples where researchers 
have adopted and modifi ed existing models (Bullen, 1999; Hara, Bonk, & Angeli, 
2000; McDonald & Gibson, 1998; Zhu, 1996). There are far fewer examples 
where researchers adopted an existing model and tested it without modifi cation, 
as a means of validating the model. Meyer (2004) and Corich, Kinshuk & Hunt 
(2004) provide examples where existing models have been used and results are 
compared to original studies.

Researchers applying QCA to discussion forum transcripts have measured a 
number of different variables, including participation, social interaction, cognitive 
elements, metacognitive elements, group development, participant roles, collabora-
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tive learning and critical thinking. Rourke et al. (2001) suggested that cognitive 
processes and critical thinking are the most commonly measured variables. Those 
who have measured cognitive processes include Henri (1991), Kanuka & Anderson 
(1998), Anderson & Kanuka (1997), Hara, Bonk & Angeli (2000) and McDonald 
& Gibson (1998). Those who have measured critical thinking include Newman, 
Webb, & Cochrane (1995), Weiss & Morrison (1998), Garrison, Anderson, & 
Archer (2000), Fahy et al. (2000), and Bullen (1998). Educationalists argue that 
cognitive presence and critical thinking are essential objectives for all educational 
activities including distance education (Bloom et al., 1956; Haughly & Anderdson, 
1998). Perhaps this explains the large number of researchers who have analyzed 
discussion forum transcripts attempting to fi nd evidence of cognitive activities 
and critical thinking (Rourke et al., 2001).

Detection of critical thinking in discussion forum activity is a diffi cult task 
(Fahy, 2002). Researchers attempting to identify evidence of critical thinking look 
for traces or indicators of higher-level cognitive activity within forum transcripts. 
This task is said to be inherently subjective, inductive and prone to errors (Rourke 
& Anderson, 2002). The subjectivity arises from the interpretation of coders as 
they attempt to assign topics to categories. To reduce the likelihood of subjectivity 
during coding, researchers employ multiple coders and compare coding results 
to ensure that they come to the same coding decisions (Rourke et al., 2000). 
The most commonly used method of reporting reliability between coders is the 
percent agreement statistic, which refl ects the number of agreements per total of 
coding decisions. Hosti’s coeffi cient of reliability (Hosti, 1969) and Cohen’s kappa 
statistic are two of the popular methods of reporting coding reliability (Rourke et 
al., 2000). Acceptable levels of agreement have yet to be established, with some 
researchers stating that anything less than 80% is unacceptable (Riffe, Lacey & 
Fico, 1998), while others report levels as low as 35% (Garrison, Anderson, & 
Archer, 2000).

4. Computerised text analysis tools 
The written transcripts produced as a result of activities among participants in 

a discussion forum can usually be exported to text fi le that can then be subjected to 
quantitative content analysis. A review of literature suggests that even though the 
output is produced in a machine readable format, there is little evidence of using 
computers to assist with the analysis (McKlin et al., 2001). There are a number of 
software tools that can be used to assist in the task of analyzing text. These text-
analysis tools include Wordnet, WordStat, NUD*IST, HyperQual and General 
Inquirer (Rourke et al., 2001). The tools are primarily text-processing vessels that 
identify words (characters bounded by spaces or punctuation) as units and, except 
for problems arising from the use of special alphabets, tend to be language-in-
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dependent. The more powerful tools allow researchers to break a transcript into 
units and assign the units to a number of different coding categories. Once the 
transcripts have been coded, the results can be imported into statistical programs 
for more detailed quantitative analysis.

The majority of automated text-analysis tools are generic and can be applied 
to a number of text analysis situations. Since the tools are generic, they do not 
come with built-in pre-existing word categories that could be applied to catego-
rize cognitive activities and critical thinking; they rely on the researchers to create 
word categories.

McKlin et al. (2001) described the use of an automated tool that uses neural 
network software to categorize messages from a discussion forum transcript. They 
suggested that the tool may ultimately be used to gauge, guide, direct and ma-
nipulate the learning environment. The analysis was based on Garrison, Anderson 
& Archer’s (2000, 2001) community of enquiry model. The study reported coef-
fi cient of reliability fi gures of 84% and 76% when compared to results of human 
coders, suggesting that a neural network has the potential to successfully code 
transcripts to identify cognitive presence. The study also suggested that the tool 
would be refi ned to produce a system that could be used to reliably classify mes-
sages into cognitive presence categories. Despite a review of current literature and 
an attempt to contact the research team, no evidence could be found of further 
publications relating to the tool.

5. Automated content analysis tool (acat)
Considering the positive fi ndings of McKlin et al. (2001), a decision was made 

to design and develop a web based automated content analysis tool (ACAT) that 
could be applied to discussion forum transcripts to identify evidence of critical 
thinking by discussion forum participants. The aim of the development is to pro-
duce a system that can be used to apply a number of recognized QCA models to 
categorize messages for differing levels of cognitive activity and critical thinking. 
The tool allows the analysis of both the group and the individual participants.

Figure 1 shows the ACAT concept model for the system. Users can import a 
transcript and then select one from a number of recognized quantitative content 
analysis (QCA) models. The system is then able to use the information related to 
the chosen model to analyze the text for evidence of cognitive activities and criti-
cal thinking, producing reports that show the number of units of activity that fi t 
within each of the categories of the model.

The QCA management module allows users to defi ne QCA models, edit and 
delete existing models and manually input category information for each model. 
The QCA training module allows an imported transcript to be parsed and manu-
ally coded against a QCA model. The transcript importing and parsing module 
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imports forum transcripts, parsing them into analysis units and saving the indi-
vidual units in a table ready for analysis. The transcript analysis and reporting 
module analyses each analysis unit, assigning it to one of the categories of the 
selected QCA model and then produces reports detailing the number of units 
applied to each category.

An advantage that the ACAT system offers over the system developed by McK-
lin et al. (2001), is that it allows the user to select one of a number of recognized 
QCA models and perform analysis based on information related to the model. In 
future, the system will also allow different models to be compared. 

6. Analysis models
There are a number of models that have been used to measure cognitive activi-

ties and critical thinking. Corich et al. (2004) suggested that the methodologies 
proposed by Henri (1992) and Garrison, Anderson & Archer (2000) are two of 
the most popular content analysis approaches. These two methodologies have been 
either duplicated or incorporated into models developed by other researchers.

While the coding system used by Henri (1992) was not clearly defi ned in 
her research, it was used as the basis of subsequent research conducted by Hara, 

Figure 1 ACAT concept model.



Stephen Corich et al. — Computerised Content Analysis for Measuring Critical Thinking

53

Bonk & Angeli (2000). The cognitive and metacognitive components of Hara et 
al.’s analysis framework were well defi ned making it a model that can be readily 
reproduced. The cognitive component had fi ve categories of cognitive activities: 
elementary clarifi cation, in-depth clarifi cation, inferencing, judgment and ap-
plication of strategies.

The model developed by Garrison et al. (2000) was referred to as a «community 
of learning» model which assumes that learning occurs through the interaction 
of three core components: cognitive presence, teaching presence, and social pres-
ence. The cognitive presence concept was expanded by Garrison, Anderson, & 
Archer (2001) into a four stage cognitive-processing model, which was used to 
assess critical thinking skills in on-line discussions. The model classifi ed student 
responses into triggering, exploration, integration and resolution categories. The 
framework for the Garrison et al. (2001) model was also well documented, mak-
ing it easy to reproduce. 

Corich et al. (2004) conducted a manual transcript analysis of a fi rst year degree 
Data Communications course using these two models. The transcripts and coding 
results of these transcripts will be used to train the system when development is 
completed. Further models could be added once the system has been validated.

7. Analysis technique
While there is little evidence of using computers to classify the transcripts of 

discussion forums, several studies have reported favorably on the computer grad-
ing of essays (Page, 1966 & 1994; Landauer, Foltz & Latham, 1998; Chung & 
O’Neil, 1997). Rudner & Liang (2002) reported that there is promising literature 
in the information science fi eld regarding the use of Bayes Theorem as the un-
derlying model behind text classifi cation. Bayesian networks have become widely 
accepted and are being used in essay grading systems, help desk applications, 
medical diagnosis, data mining, intelligent learning systems and risk assessment 
tools (Rudner & Liang, 2002). Bayesian networks use probability theory to assign 
items to various categories. McCallum and Nigam (1998) provide an excellent 
overview of the use of Baysian networks. 

The apparent success of using Bayesian networks to classify text suggests that 
a similar process could be applied to classify transcripts. The analysis technique 
adopted in ACAT development is based on an essay scoring system described by 
Rudner and Liang (2002) who used a four point scale to categorize the features 
of essays.

8. Unit of analysis
For any QCA exercise it is important to identify the segments of the transcript 

that will be categorized. Researchers have experimented with different units with 
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varying measures of success (Rourke et al., 2000). The units that have been used 
include sentences, paragraphs, messages and thematic units. Sentences have been 
used successfully by Fahy et al. (2000) and Corich et al. (2004), although Rourke 
et al. (2000) reported mixed success. Hara et al. (2000) used the paragraph as a 
measurement unit reporting lower levels of agreement than those reported by 
Fahy et al. (2000) and Corich et al. (2004). Marttunen (1997) and Garrison et 
al. (2000) used the message as their measurement unit reporting high levels of 
agreement between coders. Henri (1991) rejected the idea of using a fi xed unit and 
she used a «unit of meaning». While this approach proved successful it would be 
diffi cult to consistently identify «units of meaning» using a computer. The ACAT 
system is developed to initially use the sentence as its unit of analysis, since it is easy 
to quantify using a software application. In future, the system may be extended to 
allow the choice of sentence, paragraph or message.

9. Reporting
The ACAT system provides statistical reports identifying the number of post-

ings, the number of units analyzed, word frequencies and word sizes. For each 
analysis model the system displays the categories the model uses and the number 
of units that are categorized within each of the categories. The system also allows 
reports to be generated showing the dictionary of words and phrases for each cat-
egory within each analysis model and the number of unit matches for each.

10.  Acat system prototype
A web-based ACAT system prototype has been developed using PHP as the 

programming language with a MySQL backend database (Figure 2). The prototype 
imports transcripts from a variety of text sources (Figure 3). It allows users to add 
analysis models (Figure 4), create categories for analysis and build dictionaries 
of appropriate words and phrases for each category of the model (Figure 5). The 
system currently reports sentence and word frequencies and recognizes word and 
phrase matches within each of the categories of the model (Figure 6). The analysis 
agent is currently being engineered to incorporate the use of Bayes Theorem so 
that category matches can be determined using probability theory techniques.

11.  Extension of the concept model and prototype
Once the analysis agent is completed, the system will be trained using the 

data from earlier manual transcript analysis exercises and the model will then be 
validated using the forum transcripts of current computing courses at the Eastern 
Institute of Technology of New Zealand. When the system has been validated, 
it is planned to add additional features that should improve the reliability of the 
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category classifi cation. One of the planned additional features is a word stem 
recognition function. Word stemming, which is the process of removing suffi xes 
from words to get the common origin of the word, is said to help when comparing 
texts to identify words with a common meaning and form as being identical (Hull 
& Grefenstette, 1996). Another planned feature is the use of a stopword removal 
function, which involves the removal of words which are very frequent and do 

Figure 2 ACAT main menu screen.

Figure 3 Transcript import screen.

Figure 4 QCA model management screen.
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Figure 5 QCA Model Training Screen.

Figure 6 QCA model management screen.
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Figure 7 Extended ACAT concept model.

not carry meaning. Like word stemming, stopword removal is said to improve the 
reliability and effectiveness of text analysis systems (Ginsparg et al., 2004). A third 
planned improvement will be the incorporation of a thesaurus, to help identify 
words with similar meanings which once again should help improve the effective-
ness of the text analysis. Figure 7 shows the extended ACAT concept model.

12.  Conclusion
Discussion forums have become an integral part of the online learning and 

they are being used to enhance the experience of the distance learners. Discussion 
forums are gaining popularity as a mechanism for increasing student interaction 
in the on-line learning environment, where they are viewed as one of a range of 
tools that enable on-line course participants to collaborate, share ideas and discuss 
domain related concepts. 

Many online course supervisors have adopted discussion forums as a tool to 
assist with assessment, incorporating them into assessment activities and allocating 
grades for active and effective participation.

The potential for using a computerized text analysis system designed specifi -
cally to work with discussion forum transcripts appear to have been ignored by 



Je-LKS

58

— Vol. 2, n. 1, marzo 2006

researchers who have been involved in the evaluation of discussion forum postings 
(McKlin et al., 2002).

A literature review of current research suggests that the majority of researchers 
continue to use manual methods to codify transcripts. If a computerized system is 
built and validated, it would have the potential to overcome some of the problems 
associated with manual coding. Problems such as coder interpretation could be 
avoided and the time involved in coding could be reduced signifi cantly.

A computerized discussion forum transcript analysis tool is being developed 
that has the potential to provide immediate feedback to forum participants, pro-
viding advice on the level of participation and perhaps suggesting how the quality 
of activities could be improved. 

Such a system could assist course supervisors with the grading of student ac-
tivities, providing timely and accurate feedback on student interaction, cognitive 
behaviours and evidence of critical thinking. 
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Abstract
Starting with the assumption that collaborative learning and working 
will occupy a strategic role in undergraduate, post-graduate and life-
long education as well as in collaborative, fl exible and distant working, 
in this paper we present a refl ection on how to reduce the gap between 
constructivist and CSCL/W theories and practices, and open source 
initiatives for e-learning in universities. The main goal, beyond the 
production of technologies, is to put forward research directions and 
to stimulate instructional designers to closely work with open source 
researchers and developers. In this paper we present a synthetic selection 
of collaborative features that are usually included in CSCL/W environments 
but are missing in e-learning platforms. Thereafter, we propose the design 
and implementation of some of the more relevant features in a very well 
known open source e-learning platform (Moodle). Finally, we discuss the 
potentialities and critical aspects of Moodle as a possible solution to the 
need for the dissemination of collaborative learning experiences in Higher 
Education contexts.
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1. Introduction
In the past few years e-learning, mostly because of the rise of the «learning 

object movement» with a number of related specifi cations and standards, has come 
ever more close to a single pedagogical model, based on single learner interactions 
with content via a web-based system. However, in the Higher Education context 
we observe a growing trend to support constructivist experiences by adopting 
systems and tools that allow groups of learners to interactively construct knowl-
edge. In universities in general, and in post-graduate courses and life-long learning 
initiatives in particular, the need to enact situations of collaborative learning is 
becoming more and more frequent. When the dimension of the group grows — in 
term of participant number/s — there is a more evident need for «ruling» supports 
(netiquette, socioquette) as well as for technological functions that support the 
group in collaborative interactions.

For instance a group coordinator, who is usually chosen from among the par-
ticipants themselves and may avail her/himself of the support of a tutor, has to 
stimulate group engagement in problem-based or project-based activities, with 
various levels of collaborative actions: simple resource sharing, more structured 
cooperation, negotiation or collaboration in the strict sense of the term, etc.

If on the one hand we foresee that collaborative learning and the social con-
struction of knowledge will undoubtedly play a strategic role especially in post-
graduate and life-long education, on the other hand, we witness a certain delay in 
the provision of adequate collaborative functionality by the most diffused e-learn-
ing commercial and open source platforms.

When analysing e-learning platforms, even those which claim to be designed 
according to a «collaborative-oriented approach», we fi nd that, typically, they offer 
simple communication tools such as a web forum, a chat, a mail-list, which have 
per se a very limited connection with collaborative learning activities, provide only 
weak support for collaborative learning or working, and do not supply any real 
«collaboration management» function at all.

However, as a consequence of the growing interest aroused by the collaborative 
paradigm, specifi c (constructivist) methodologies and technologies (CSCL/W, 
Computer Supported Collaborative Learning/Working) have been developed. 
Actually the domain of CSCL/W — with some integration of AI (Artifi cial Intel-
ligence) — led, in the last decade, to the development of a number of interesting 
tools and environments even if these applications, sometimes prototypes, have 
often remained in isolated contexts, with very limited features of easy update 
or upgrade and, more importantly, are unavailable under open software or free 
software conditions.

The arising question which motivates this work concerns, therefore, how to 
exploit the CSCL methodological and technological know-how in the open source 
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learning environment domain, to support extensive applications such as its use in 
the university campus, teacher training, adult learning and life-long learning in 
general. In other words, we intend to contribute to «bridging the gap» that exists 
among the current open source e-learning platform solutions and the research fi eld 
concerned with technologies for collaborative knowledge construction.

To achieve the goal of making a concrete effort for «bridging the gap» between 
the CSCL and the open source worlds, the paper is articulated as follows:

1. choice of relevant collaboration features to be integrated in an e-learning plat-
form;

2. selection of an open source e-learning platform suitable to be upgraded with 
the collaboration functions defi ned in the previous step;

3. presentation of some issues emerging from the implementation of the functions 
defi ned in step 1 into the environment selected in step 2;

4. discussion of further developments of the platform in the context of higher 
education.

2. Choice of relevant collaboration features
Is it really possible to enable collaborative learning using Internet technologies? 

Or does this still remain a very complex activity, mainly delegated to the work of 
good tutors and coordinators? Are there technological tools which really enable 
collaborative learning over the net?

The research fi eld known under the name of CSCL/W has sought answers to 
these questions, offering a variety of hypotheses and solutions sometimes grounded 
on technological supports: CSCL deals with collaborative environments focused 
on learning, while CSCW tackles workplace collaboration. Several analyses, stud-
ies and projects concern CSCL environments and deal specifi cally with enabling 
technical solutions for both commercial and open source platforms. We can here 
cite the Euro CSCL program,1 the ITCOLE project,2 the ECOLE project3 and 
some relevant research papers by Kurhila (2003), Cesareni (2004), and Seitamaa-
Hakkarainen (2004).

From an analysis performed on these resources, three specifi c environments 
emerge because of their implemented features and technical solutions:

– Knowledge Forum (formerly CSILE and WebCSILE);
– Synergeia;
– FLE3.

1 http://www.euro-cscl.org/.
2 http://www.euro-cscl.org/site/itcole/.
3 http://www.ecolenet.nl/best7tools.htm.
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Knowledge Forum4 (Scardamalia, 2003), formerly known under the names 
CSILE (Computer Supported Intentional Learning Environment) and WebCSILE, 
has a very rich history. It is based on the fi rst and most quoted research project 
in this domain, and it was designed by Marlene Scardamalia and Carl Bereiter 
in 1986 at the Ontario Institute for Studies in Education. Since then, a number 
of versions of the platform have been developed. It is now a commercial product 
sold under the name of Knowledge Forum. This environment incorporates only 
asynchronous tools such as forums and document repositories.

Synergeia (Stahl, 2004) is a system developed within the framework of the 
EU-funded ITCOLE (Innovative Technologies for Collaborative Learning) research 
project (2001-2003). It is designed to support collaborative learning and it in-
cludes an asynchronous environment for documents and idea sharing, respectively 
repositories and forums, and two synchronous tools: MapTool for collaborative 
conceptual map creation, and a chat environment for exchanging instant messages. 
Although Synergeia is not an open source software, its use is free for educational 
institutions.

FLE3 (Leinonen et al., 2002) is an open source project, released under the 
GNU licence. FLE3, like Synergeia, has been developed within the ITCOLE 
project. Its features are similar to those available in Synergeia and are based on 
three tools: a repository (WebTop tool), a forum (Knowledge Building tool) and 
a shared space (Jamming tool) for the construction of digital artefacts (pictures, 
text, audio, video, etc.).

From the analysis of these environments, we see that they generally include a 
number of basic functionalities, including:

– shared repositories, to organise and archive collaboratively-developed material;
– knowledge construction environments (mostly discussion forums), where par-

ticipants can share ideas on topics related to the educational objectives;
– the possibility to describe the type of contribution being made to the discussion 

forum through scaffolds, or thinking types, which can be seen as tools to sustain 
metacognitive processes; features of this kind are often present in a variety of 
platforms (e.g., Knowledge Forum, Synergeia) with the purpose of fostering 
metacognitive refl ection on the contributions to the discussion. Participants can 
mark their messages with a label indicating their function within the structure 
of the discourse. Thinking types are usually chosen from a teacher-defi ned, 
closed set; examples might be of the type: My Design Idea, New Information, 
Evaluating Idea, Organizing Process, Summary, etc. The availability of thinking 
types can also allow for a posteriori thematic reconsideration of the exchanges, 
e.g. for evaluation purposes; besides, their usage can enhance the effectiveness 

4 http://www.knowledgeforum.com/.
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of roles in group learning or work (e.g., proposer, opponent, reviewer, rapporteur 
etc.);

– tools for representing the knowledge construction process (e.g. as conceptual 
maps and other diagrams) or the interactions that occur among the participants 
(e.g. Social Network Analysis graphs.);

– shared calendars supporting group and individual working management.

A noticeable characteristic of these CSCL environments is that — according 
to constructivist learning theories — their main focus is on the development of 
knowledge representation and metacognition techniques, while less attention is 
devoted to the area of collaborative management. Collaboration management 
functions are even more rarely implemented in these environments, as these issues 
are almost exclusively addressed in research works that pursue the use of intelligent 
agents in CSCL (McManus and Aiken, 1995; Okamoto et al., 1995; Baker & 
Lund, 1996; Mühlenbrock & Hoppe, 1999; Barros & Verdejo, 2000; Jermann et 
al., 2001). Typically, these systems offer menu-driven, sentence-opener or dialogic 
interfaces and are chiefl y concerned with the problem of how to build automatic 
intelligent coaches that foster interaction inside a learning group.

Based on our experience, the web forum is the most important tool to be used 
for collaboration; this tool — if properly designed and used — can easily become 
a place where the participants meet together, propose and discuss ideas and develop 
projects, in an asynchronous mode, each at his/her own personal pace. The forum 
should be a dynamic discussion environment in which collaboration is structured 
on many levels: topics, design phases, educational objectives, etc. On the basis of 
the analysis conducted to-date, we describe hereafter the main functions that are 
relevant for the implementation of a collaborative web forum. To this end, we have 
extended the model proposed, according to the synthesis presented by Jermann et 
al. (2001) to encompass also basic communication functions. The ideal collabora-
tion-enhanced web forum should implement functions of four types.

1. Basic communication functions: all the functions of a traditional discussion forum 
should be present, while some of those that are deemed essential for collabora-
tive learning practices ought to be particularly ergonomic and effective.

2. Mirroring functions: students and tutors are made aware of other participants’ 
actions and intentions by using a variety of representation systems, message 
type taxonomies etc.

3. Monitoring functions: especially surveys and rating polls that allow the group to 
represent its internal climate5 and thinking types; the possibility of easily moni-
toring the communication process has favourable effects on metacognition at 

5 These functions include e-feedback and barometer as proposed in (Smith & Coenders 2002).
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both individual and group level, fostering the refl ection on collaboration. In 
this sense we use the term refl ection board (see in the following) to identify the 
interface component that hosts digest information related to these elements.

4. Coaching function: a set of tools that support the tutor in such activities as 
suggesting, soliciting, reminding deadlines etc., on the basis of tutor-defi ned 
rules.

Besides the enhancements to the web forum, we envisage the need for two 
additional spaces that could signifi cantly exploit the learning potential of a col-
laborative environment:

– the Refl ection Board, geared to fostering group metacognitive refl ection: here the 
group can fi nd essential information on the learning processes, such as links to the 
most frequently read messages, the relevant events which have occurred, the overall 
compliance to the communication rules that the community defi ned etc.;

– the Planner, that allows for the management and monitoring of interaction; here 
the tutors defi ne rules that automatically trigger actions when specifi c events 
occur. The condition of a rule can be expressed in terms of the expiration of a 
deadline, of the number of messages of a particular thinking type, of the sub-
mission date of a message, etc. The actions fi red by the rule include sending a 
message to one or more participants and posting a signal in the Refl ection Board. 
In expressing a rule participants can be identifi ed both with their individual 
identifi er or as roles: for instance, if a student6 has sent at least a message of type 
hypothesis …;

– on these grounds, Table 1 (three leftmost columns) analytically lists the most 
relevant features that a web forum should offer.

3. The choice of an open source platform
At present, many specialized and complete e-learning products are available, as 

either commercial or open source products. The price of commercial products can 
vary a lot: from less then a hundred dollars to several thousands. Due to the wide 
range of choices, selecting an e-learning environment is often a very articulated 
task.

Instead of adopting a vendor-dependent e-learning platform we believe that 
contributing to the design of an open source one offers a better development possi-
bility, because it exploits a broader diffusion potential and constitutes an important 
academic opportunity to refi ne CSCL theories, methods and tools. Besides, we 
leaned towards open source products because, apart from cost issues, commercial 
products are often tied to specifi c educational objectives; they are poorly reusable, 

6 Roles are existentially qualifi ed: if there exists a student who has sent at least a message...
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adaptable or customizable, thus penalizing their potentially benefi cial use in vari-
ous educational or working contexts.7

Among the many available open source platforms the one we chose for the 
purpose of this work is Moodle.8 Several reasons ground this choice.

– It is a fully open source software (download, usage, modifi cation and redistribu-
tion of the code and all of its dependencies such as script language and database 
modules are regulated by the GNU General Public License).

– It is a platform-independent environment, fl exible, easy to use, available in 
multiple languages and open to customisation.

– Its design is explicitly grounded in social «constructivist pedagogy» as is pointed 
out by the design team. Moreover, its architecture and user interface are focused 
on «activities» rather than on «content», so a large number of activity modules 
is available, allowing for a wide range of pedagogical settings.

– It features a nice user-friendly interface both for students, teachers and admin-
istrators.

– From a technical point of view, it is designed with a very strong modular struc-
ture, a fundamental feature for those willing to integrate additional functions 
or upgrade existing functions.

– The community of Moodle developers and users is very lively and is actually 
offering a very good support through a dedicated web site and a number of 
specialized web forums. Also, a lot of high quality technical documentation 
is available. The source code has been judged of very good quality by several 
professional programmers we consulted.

It must be stated that, for these reasons, Moodle is often the preferred environ-
ment for many e-learning initiatives all over the world. The far right-hand column 
in Table 1 indicates which of the listed functions are already present in the current 
Moodle version,9 and which have to be developed as external add-ins.

4. «Enhanced collaboration» module developing plan
On the basis of the considerations reported in previous sections, we designed 

and developed an Enhanced collaboration Moodle module that enhances the fea-
tures of the existing Forum module by adding the new collaboration functions 
listed in Table 1.10 As our work complies with the Moodle architecture and rules, 

  7 Examples in this sense are Synergeia (http://bscl.fi t.fraunhofer.de/), Knowledge Forum (http://www.
knowledgeforum.com/) and Groove v3 (http://www.groove.net/home/), which are not open source 
products.

  8 http://moodle.org/.
  9 The table was referred to Moodle version 1.4.2.
10 We aim to implement all features not already present in Moodle, as stated in Table 1, except for 

those related to conceptual maps.
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Table 1
DESIRED FEATURES AND AVAILABILITY IN MOODLE

Already 
present in 

Moodle 
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ns
: F
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um

Communication 
support

Minimal set of functions to guarantee communication 
exchange (add new thread, reply) ✓

Quoting of a message (a part of it) when replying

Text formatting with WYSIWYG-type editor ✓

Add images and other multimedia objects in message 
text ✓

Add emoticons ✓

Document 
sharing

Attach fi le to message ✓

Insert links (URL) ✓

Information 
storage

All data related to messages must be stored in a 
standard database accessible for statistic purposes, 
tracking or other needs

✓

M
ir

ro
ri

ng
 fu

nc
tio

ns

Presentation 
structure

Hierarchical threads with tree visualization (single 
discussion topic) ✓

Simultaneous tree visualisation of all discussion topics
Collapse, expand threads

Multiple ordering options (by sender, subject, date, etc.) ✓

Possibility to select/unselect messages and to visualize in 
a page only selected messages
Internal advanced search functions (by author, date, 
subject keywords, body keywords, thinking type, etc.)

Social space 
representation

Automatic link to the personal page/card of the message 
sender ✓

History (who read the message and when, who 
downloaded the attachments, etc.)
Explicit representation of online current presence of 
other participants ✓

Private chat room ✓

Public chat room (scheduled or «open») ✓

M
on
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ns

Monitoring 
communication 

Quantitative information obtained by tracking forum 
data and used for statistic analysis (e.g., Social Network 
Analysis)
Conceptual map representation (e.g., as in Knowledge 
Forum)

Polls and group self-representation (e.g., barometer) ✓

Shared writing environments (e.g., journal) ✓

Path: to represent course «milestones»

Meta-
communication 
support

Thinking types; the possibility to create new thinking 
types and associate them to each forum
Possibility to structure the environment in different 
forum and to confi gure each of them according to the 
different objectives to be pursued
Support to discourse structuring by means of the 
assignment of specifi c roles

C
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g 
fu
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ns

Action planner
Rules and actions setting

Action notifi cation in Refl ection Board area or by e-mail
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it can be effortlessly installed on a platform running Moodle using the automatic 
setup and administration features. The Enhanced collaboration module can be 
distributed separately to the Moodle Community as an open source component 
under the GNU General Public License.

In particular we designed:

– enhanced DB tables to support the new features provided by our module, ac-
cording to the Moodle DB schema;

– new CSS, languages support — at present we support English and Italian — and 
graphic interface elements;

– new software functions included in a Moodle compatible function library.

The Enhanced Collaboration module is described in the paragraphs below.

4.1 Enhanced collaboration module architectural schema

The module can be logically subdivided into three parts:

1. Forum plus;
2. Refl ection board;
3. Planner.

4.1.1 Forum Plus

The Forum Plus component of the module provides basic and enhanced com-
munication features. Besides the typical collaboration functions that are present 
in most forum platforms including Moodle Forum, we enriched the basic module 
with new mirroring elements to enhance the structure of the presentation, intro-
duced a «social space representation» and provided also a sort of meta-communica-
tion support by adding a further forum messages characterization, the Thinking 
Type schema. Threads and messages posted by the users are characterized not only 
by title, author and content but also by thinking type labels (TTs) that are added as 
a property of the message. The TTs contribute to explicitly organize the phases of 
the learning process hosted in the forum. Number and types of TTs can be decided 
and easily authored by the teacher or tutor who manages the forum.

Each TT is described by a title (i.e. hypothesis, synthesis, conclusion, etc.), an 
incipit that appears at the beginning of the message when a TT is associated to it, 
and an icon that graphically identifi es the TT inside the tree forum representa-
tion.

The tree representation of the Moodle Forum has been modifi ed to include 
graphic icons representing:

– Thinking Type associated to messages;
– Read or Unread Messages (envelop icons);
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– Message currently opened (arrow icon);
– Threads that can be collapsed or expanded.

We enhanced the presentation structure of the Moodle Forum module by 
adding advanced search features and multiple ordering options: messages can be 
searched and ordered by author, title, date and TT. We also added the possibility 
for a teacher to mark signifi cant messages posted by students and visualize them 
in a separate report. The marked messages represent the most important contri-
bution to the collaborative knowledge construction process carried out by the 
community of students.

4.1.2 Refl ection Board

The Refl ection Board is the component of the Enhanced collaboration module 
responsible for monitoring the knowledge construction process. Each activity on 
the forum is tracked by adding data to the Moodle log according to the standard 
Moodle logging mechanism. We added some options such as tracking attachment 
download, messages mark, and TT insert.

The Refl ection Board shows on separate reports the following forum activity 
data:

– most frequently read messages;
– most frequently downloaded attachments;
– all messages read and by whom (history);
– rules activated by specifi c actions of the users on the forum (from the Planner 

module – see below);
– most signifi cant step in knowledge construction process in a timeline representa-

tion (milestones): start up and end (from the Calendar module), most signifi cant 
activated rules, most read messages, marked messages, etc.

4.1.3 Planner

The Planner is the component of the Enhanced collaboration module that 
provides coaching features. Through the Planner, teachers can defi ne specifi c rules 
to activate warning, signalling and notifi cation to the whole community. The rules 
are based on the following elements:

– number of messages posted by the user (i.e. a rule can be defi ned that activates 
a warning if a user never took part in a discussion);

– presence or absence of messages associated with a specifi c TT in a thread (i.e. if 
nobody uses a TT defi ned by the teacher for a thread a warning is activated);

– activity on the Forum Plus (i.e. downloaded attachments, posted messages 
etc.);

– milestone and signifi cant date (i.e. a deadline is approaching).
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When a rule is activated e-mail messages are sent to students, teacher or admin-
istrators. Moreover, each activated rule is listed in the Refl ection Board: by clicking 
on each rule, the details are shown.

5. Discussion and Conclusion
In the domain of Higher Education and life-long learning the need to promote 

collaborative learning activities making use of systems and tools that support the 
group in the self-management of the activity is becoming more and more pressing.

Throughout this paper we addressed the following question: Are there tech-
nological tools that really enable collaborative learning over the net? Our belief is 
that even if the refl ection on collaborative learning environments is still in its early 
stages, at a theoretical level some fi ndings can already be applied so as to become 
of practical and current use in e-learning environments.

Some results achieved in CSCL are grounded on the concept that highlighting 
and taking into consideration the individual collaborative action (according to 
specifi c criteria and indicators) can support group refl ection and metacognitive 
awareness. Other tools, more specifi cally oriented to favour collaboration manage-
ment such as assigning roles, suggesting, guiding, providing feedback, etc. can play 
a crucial role in limiting the problems that emerge in online collaborative groups 
(dispersiveness, confl icts, etc.).

Considering the e-learning environment in which these functions should be 
implemented, we recognise that the open source approach offers a greater guaran-
tee of fl exibility and easier maintenance. Among the popular open source environ-
ments, Moodle proved to be the most promising choice for several reasons within 
which its highly modular structure. Apart from our aim of extending Moodle 
with additional modules, we also implemented Moodle11 as the main e-learning 
platform for one Faculty (Education Sciences), in which we deliver several courses, 
most of them inspired by the collaborative learning pedagogical model. 

Is it really possible to enable collaborative learning using Internet technologies? 
Or does it still remain a very complex activity, mainly delegated to the work of 
good tutors and coordinators? Our belief is that collaborative learning is indeed 
a very complex activity which still needs to be managed by well trained tutors 
and coordinators. Nevertheless, adequate technological solutions such as those 
presented here could add relevant meaning to the learning activities, thus allowing 
us to improve learning effectiveness. This issue is still to be tested by fi eld experi-
ments that we will carry out in the future development of this work.

However, both in the analysis and programming work, and on the basis of the 
early feedback collected from teachers and students, we noted the emergence of 

11 Without additional modules that are still at development stage.
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some critical elements at the core level of Moodle; the most relevant of which are 
(in our context):

– the lack of an extended, fl exible and customisable management of roles. Pres-
ently, Moodle offers limited, pre-defi ned roles (administrator, course creators, 
teachers and students). Having user-defi ned roles is essential for the full develop-
ment of collaborative learning experiences;

– the management of groups is quite peculiar. Most of the cited CSCL systems 
intend groups as «containers», a way to sub-divide courses, not only by enroll-
ing users into one group but also by considering groups as separate working 
spaces. Users can usually take part in more than one group,12 while activities 
and resources can be restricted to certain groups. In Moodle, on the contrary, 
groups are intended only as an administrative partition of activities, that remain 
associated uniquely at course level.

Thus, our fi nal remark is in relation to Moodle development perspectives and is 
directed at the whole Moodle community. Thanks to the enormous potential of the 
this environment, we encourage Moodle development in a direction that sustains 
the rising demand for rich and effective collaborative learning in the University 
context, especially for graduate courses and life-long learning.
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Abstract
A typical Wiki environment allows any user to create or edit any page on 
the site, using basically any Web browser, and processes everything on 
the server. Wiki fosters a culture of shared authorship that is predicated 
on anonymity. While the combination of anonymity and unrestricted 
access can make exchange of ideas easy, it is not always conducive to 
effective collaboration. In fact, such an environment which requires the 
entire collaboration process to take place in an open space often cannot 
adequately support collaboration, especially when Wiki is used in an open 
Internet, and independent thinking and clear understanding of the state of 
mind of each team member are critical to the collective goal. In this paper, 
we propose an extension to the Wiki collaboration model by implementing 
a private space on a distributed architecture, and report our results in an 
essay writing exercise. To simulate the conditions of open collaboration 
on the Internet, the experiment drew on the participation of a closed work 
group of 20 people that never met each other or had any contact with each 
other prior to the study.
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1. Introduction
Wiki (Cunningham, 2003; 2004; http://en.wikipedia.org/wiki/Wiki) is one 

kind of social networking software. The ability to support online editing of Web 
pages has turned Wiki into a popular platform for collaborative writing projects. 
Wiki fosters a culture of collectivism (Harasim et al. 1995) by maintaining con-
tributors’ anonymity in communication and collaboration. But anonymity is a 
double-sworded assertion. While it inspires freedom of expression and helps facili-
tate building a strong sense of shared ownership, the lack of personal accountability 
can easily lead to anti-social behaviors and other forms of abuses of the community 
trust. Anonymity coupled with the openness of the editing process could frustrate 
users when their inputs are changed or deleted by another user or buried in the 
clutter of other users’ inputs against their wills. In fact, Ponser and Baecker (1993) 
observed the rich variety of methods that groups use to write collaboratively. The 
editable-by-all model of Wiki would be too open and could restrict users from 
having opportunities to fully incubate ideas at their own pace without any interfer-
ence, before sharing them with the group. This suggests that content protection 
would be necessary to bring more fl exibility to Wiki and improve the effectiveness 
and quality of online collaborative writing in Wiki. 

In this paper, we propose a content protection mechanism for Wiki, and evalu-
ate the new open environment for collaborative writing, and report our experi-
mental fi ndings. 

2. Research prototype
The collaboration model of Wiki, based on open editing and anonymity, re-

moves many barriers to collective ownership. But the simplicity in this model also 
limits fl exibility and fails to fully support the writing process. To verify that merely 
adding a content protection mechanism to Wiki, the collaboration environment 
can become more productive and fl exible, we implemented and evaluated a re-
search prototype in a collaborative essay writing scenario.

2.1. System architecture
We implemented a content protection mechanism for Wiki using a distrib-

uted architecture, which allows users to contribute to the shared document in 
the public space by editing within their own private document and sharing only 
select portions of the private document with other members. This concept of 
dynamic fi ne-grained sharing from a private document is illustrated in Figure 1. 
The distributed architecture allows a user to specify multiple parts in the private 
document and decide where to integrate these parts in the shared document. 
The implementation is realized on top of FlexNetDiscuss (FND; Chong, 2003a; 
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2003b), an extensible communication and collaboration environment on the Web. 
The distributed collaborative writing and consolidation environment doesn’t alter 
the existing Wiki environment. At the heart of the architecture is the aggrega-
tion mechanism, which is implemented on top of the extensibility framework of 
FND. The aggregation processor performs the following functions: search FND 
tags on the documents, identify and retrieve the corresponding Web documents 
from private Wiki document, and format the layout and display the content in 
the public Wiki page. 

Figure 1 Collaborative writing – centralized architecture versus distributed architecture.

2.2. User environment
In the content protection mechanism we implemented, a user can publish mul-

tiple select parts of his/her private Wiki page into the public Wiki page, which is 
just a regular Wiki page. The private Wiki page contains information that is either 
shared or not shared. Shared information is specifi ed by using the «fnd:public» tag. 
Private information doesn’t need to be tag delimited. Before this shared information 
can appear on the public Wiki page, the user has to manually insert a special page 
reference in the public page.

The next issue that we need to address is how users can choose where to insert 
their inputs in the public page. In the editing mode of Wiki, users see the page 
contents and the special page references. However, unless these references are re-
placed with the actual contents from the corresponding private Wiki pages, it will 
be diffi cult to identify the desired places to insert what the user intends to write. 



Je-LKS

78

— Vol. 2, n. 1, marzo 2006

To reduce the cognitive burden of manually relating links with linked contents, 
we provide a tool that retrieves the public content from the corresponding private 
Wiki pages with a simple gesture of the mouse. 

3. Evaluation

3.1. Experimental settings 
A total of 20 people with similar interest in a topic were randomly invited from 

the online Wiki communities to participate in this experiment. Prior to the experi-
ment, they received training to use the Wiki system designed to have the content 
protection mechanism. In the experiment, they were asked to complete collabo-
ratively one informative essay and organize themselves any way they pleased.

3.2. Observation and results
After the experiment each user was asked to answer the survey questions, as 

shown in Table 1, with a grade from 1 (lowest) to 5 (highest). The selected com-
ments from the users are shown in Table 2. 

Table 1
SURVEY QUESTIONS AND PARTICIPANTS’ AVERAGE RATINGS 

Survey Average grade

Q1 What is your overall impression of the private space in support of 
collaborative essay writing? 3.9

Q2 Does the private space help improve the content quality? 4.3

Q3 Is the content in the shared space easy to follow? 3.2

Q4 Are you satisfi ed that the whole of your private space is open to public? 3.5

Table 3 summarizes the main observations from the experiment. In general, the 
merits of content protection were well supported by the test subjects [OB1, OB4], 
but some users had a negative impression on the technical limitations of the inter-
face [C06, C07]. The private Wiki space was used as an informal communication 
channel independently from the public Wiki space [OB2], and it also assisted in 
the exchange of ideas [C08, C09]. The fact that users spent considerable amount of 
time on reviewing the private content of other users [OB3] may account partially 
for the positive feedback of the users on the content quality improvement [C11]. 
However, they were not completely satisfi ed with the environment as they had to 
manually check for updates in the private space of other users [C15]. This would 
be a very specifi c time for future interface improvement. 
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Table 2
REPRESENTATIVE COMMENTS FROM THE SURVEYED USERS

Q1

P
os

it
iv

e

[C01] I was able to develop my ideas effi ciently in a document structure that was 
based on my own preferences, and it was nice that I could cherry pick what I 
wanted out of my private content to go in the public space

[C02] The availability of a public space and a private space afforded me a great deal 
of fl exibility on how the team could organize the collaboration process

[C03] The private space helped develop respect to each other’s work
[C04] I was free from the fear that somebody may delete what I wrote on the page, 

which sometimes happened in public space

N
eg

at
iv

e

[C05] Prior to sharing my private content, I had to adapt it to fi t into the content of 
the public space 

[C06] I could not easily comment on a specifi c part inside the protected content in 
the public space 

[C07] I found the user interface a bit clumsy to insert my content into where I wanted 
in the shared space

Q2

P
os

it
iv

e

[C08] I was able to share easily my current state of mind with other team members
[C09] I wanted people to see the whole of my private space, so that they could gain 

deeper insight into my ideas expressed in the shared space
[C10] It took more argumentative efforts to convince someone to change his/her 

views
[C11] I was glancing at the contents in the private space of other people while 

developing my ideas. That really helped me to distill my thoughts
[C12] I was able to maintain the full history of my own thoughts without any 

extraneous comments
[C13] I felt that there were less chances of plagiarism among the members of the 

team, since all of us were aware of the fact that the private space was publicly 
accessible

N
eg

at
iv

e

[C14] I wanted to improve on the private content of other people by editing inline, 
but I couldn’t

[C15] I spent most of my time on accessing and reviewing the private content of 
other users instead of writing down my own ideas to make sure that they were 
unique and worth contributing to the public space

Q3

P
os

it
iv

e

[C16] I was able to follow the content because it was easy to distinguish between 
the essay contents and follow-up messages

N
eg

at
iv

e

[C17] It was diffi cult to quickly understand who modifi ed what in the shared page

Q4

P
os

it
iv

e

[C18] I could open to people my entire private space because I would not put any 
confi dential information in there

N
eg

at
iv

e [C19] Some contents in my private space were so sketchy and messy that some 
readers might be confused of what I wrote

[C20] I was very tempted to peek at what others were working on by looking at their 
private Wiki. I felt that that somehow diminished my potential to generate ideas 
independently
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Table 3
OBSERVATION RESULTS

[OB1] Users had the choice to use the public Wiki, but we observed a lot of content was 
developed in the private Wiki

[OB2] Users used their private space to comment on the ideas expressed in other users’ private 
space 

[OB3] Users spent on reviewing the private content of other users more time than developing 
their own content

[OB4] Users made revisions in the private space more frequently than in the public space

4. Conclusion
Social software can help pool like-minded people to combine their strengths 

for a common goal. This study has examined one of such systems empirically – a 
new fl avor of Wiki we have developed that supports content protection. Writers 
seek an audience who can review and comment on their work. The proposed de-
sign was driven by the recognition that writing is both a private and collaborative 
process. Extending the regular open editing environment of Wiki can support 
the creation of this dual-process environment. The qualitative results from our 
experiment are encouraging and point at the direction that collaborative writing 
using Wiki can benefi t from both a private and public space. We observed that 
the private space played an important role in the collaboration, ameliorated some 
of the perils associated with anonymity, and helped enhance the overall quality 
of team writing. 

While the experiments also unearthed a number of interface issues for future 
improvements, we believe that our architectural approach has the potential to offer 
fl exibility and performance advantages with respect to centralized Wiki environ-
ments. Decentralization can make the Wiki environment more scalable in the size 
of online communities, while respecting the individual preferences on the different 
fl avors of Wiki and their interfaces.
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Abstract
Although several standards have come out to defi ne a common convention 
for learning object metadata defi nition and representation, knowledge and 
components embedded in most existing e-learning systems are far from 
being sharable and reusable. This is mainly due to the lack of a general 
framework for standard-based, ontology-aware courseware design and 
development. In this paper, we propose a new approach for developing 
ontology compliant learning objects. A set of ontology-based rules is applied 
for building ontology-aware learning material. The proposed e-learning 
environment is based on IEEE-LTSC LOM (Learning Object Metadata) 
standard. In this paper, the LOM is extended with ontology related metadata 
that provides common vocabulary for domain knowledge representation and 
conceptual information about embedded content. Thus, the use of ontology 
provides a great potential for exchanging learning material, facilitating 
collaborative learning, and effi ciently retrieving context-based information 
from learning object repositories available on the web. 
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Instructional Design and 
Planning
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1. Introduction 
The production of e-learning material is an expensive and tedious task. Many 

standards such as SCORM (ADL Sharable Content Object Reference Model, 
2004), LOM (IEEE-LTSC Learning Object Metadata, 2004), and Dublin Core 
Metadata Initiative (DCMI, 2003), have come out to defi ne a common conven-
tion for learning object metadata defi nition and representation. The aim is to allow 
reuse, interoperability, and sharability of learning material in order to facilitate 
instructional authoring activities (Theorix, 2003). Metadata’s mission however has 
been limited to inform learning management systems about format, ownership 
details, rights of use, underlying OS, and other technical features of Learning 
Objects (LOs). Less emphasis has been made on LOs’ educational features. It is 
not yet well known how to use other metadata that describe educational features 
such as learning objectives, content sequence and pedagogical purpose. This is 
mainly due to the fact that this metadata represents subjective interpretations of 
resources. Therefore, they may support the existence of multiple, even confl icting 
descriptions (Saini, Ronchetti, 2003). This is also due to the fact that there is no 
common agreement on the domain content structure and the used vocabulary. 
Consequently, the problem stems from the lack of a general framework for stand-
ard-based, ontology-aware instructional design and planning in LOs construct. 
The use of ontology in e-learning provides a common vocabulary for domain 
knowledge representation and further supports interoperability of learning mate-
rial. It also provides learners with powerful search tools that allow them to ef-
fi ciently access desired learning resources. Moreover, instructors will be provided 
with powerful authoring tools for effi cient reuse, update, and maintenance of 
ontology-aware instructional material. The proposed ontology in this paper con-
tributes to reusability and sharability of learning objects through the provision of 
a semantic layer describing conceptual information about embedded knowledge. 
This process ensures both the inclusion of a shared conceptual agreement in the 
content and across the standard-based representation of the material. It also enables 
the organization of courseware structure, exchange of learning material, collabora-
tive learning, and effi cient context-based retrieval of information from learning 
object repositories available on the web (Darina, Dichev, Sun, Nao, 2004). 

To achieve the above-mentioned benefi ts we propose a framework for stand-
ard-based, ontology-aware instructional design and planning. We present a new 
approach for developing ontology compliant learning objects, as well as a set 
of ontology-based rules to build ontology-aware learning material. The e-learn-
ing environment suggested in this study is based on the LOM (Learning Object 
Metadata) standard. This standard is empowered in the context of this paper with 
ontology related metadata that provides common vocabulary, conceptual informa-
tion, and adjusts LO granularity to fulfi ll different learners’ needs. The aim is to 
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facilitate learning object reuse in different learning contexts and to provide the 
e-learning community with standardized concept-based content to interchange 
semantic information on the Web.

The next section of this paper provides some background and related work. 
Section 3 motivates the need for standard-based ontology-aware e-learning sys-
tems. The proposed e-learning system architecture is then revealed in section 4, 
and fi nally, conclusions drawn from the work presented in this paper are discussed 
and future research directions are proposed.

2. Background and related work
Ontology is a conceptual information model that describes «the things that 

exist» in a domain (hence the name): concepts, relations, facts and rules, in a 
consensual and formal way. Ontology thus acts as a standardized reference model, 
providing a stable baseline for shared understanding of some domain that can be 
communicated between people and organizational application systems (Hands-
chuh, Staab, 2003). Ontology provides both human-understandable and machine-
processable semantic mechanisms needed to let enterprises and application systems 
collaborate in a smart way.

In the last decade a number of ontology-aware e-learning systems have been 
developed to provide support for both ontology development and ontology us-
age in specifi c domains. In the fi eld of ontology development, few attempts were 
made to automate the process of constructing ontologies. Brewster et al. (Brewster, 
Ciravegna, Wilks, 2002) developed a semi-automatic user-centered approach for 
ontology construction based on the use of machine learning and natural language 
processing, while Apted and Kay (Apted, Kay, 2003) developed a fully automatic 
system to construct an extensive ontology of Computer Science fi eld based on 
existing reliable resources. The latter includes tools for querying the ontology and 
visualizing the results.

 Many other ontology-based systems and approaches were developed. Some 
research efforts were restricted to developing individual e-learning tools for specifi c 
domains, while others dealt with general frameworks for ontology-based e-learn-
ing. In the fi rst category, Abraham and Yacef (Abraham, Yacef, 2003) developed 
an XML tutor based on an ontology described in terms of concept maps. Their 
ontology is used to represent and stereotype overlay students’ models. In a similar 
way, Cimolino and Kay (Cimolino, Kay, 2003) introduced an approach to verify 
concept maps for eliciting learner’s understanding of a domain. The developed 
tool allows students to construct a concept map, which is then checked against 
the instructor’s map for validation or subsequent revision. However, a critical 
problem in using concept maps for student modeling is the verifi cation of the 
maps before using them for reasoning about student knowledge (Dicheva, Aroyo, 
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2003). Guangzuo (2004) introduced OntoEdu, an educational architecture based 
on ontology, grid technology, and semantic webs. They have developed a web-
service architecture that uses OWL (Ontology Web Language) to describe educa-
tion-oriented ontologies, WSDL (Web Services Description Language) to describe 
services, and OWL-S (OWL-based Web Service Ontology) to publish the services. 
The authors claim that the developed system is fl exible enough to dynamically add, 
and compose new e-learning services. Dicheva et al. (2004) and Denny (2002) 
however, developed a framework for ontology-aware digital libraries. They used 
the TM4L (Topic Maps for Learning) authoring tool for creating topic-maps 
based repositories of learning material. The system was developed to improve 
reusability and exchange of learning objects on the Web. In the same direction, 
Seta and Umano (2003) proposed an ontology-based framework for planning the 
problem-solving workfl ow in learning processes, where the domain independ-
ent problem-solving tasks are modeled separately from the domain-dependent 
components (knowledge and resources), thus allowing their instantiation to vari-
ous domains. Meisel et al. (Meisel, Compatangelo, Horfurter, 2003) presented a 
framework for an intelligent tutoring system to support instructors in the design of 
a training session. They used ontology to capture instructional design knowledge 
along with a reasoning engine to provide the necessary inferences for the validation 
and verifi cation of tasks and the retrieval of suitable teaching methods. In recent 
wok, Passier and Jeuring (2004) developed a system based on ontology to provide 
feedback to both learners and courseware developers. The system uses ontology 
to specify the knowledge to be learned (domain and task knowledge) and the way 
it should be learned (education). The ontology thus is used as arguments to the 
feedback engine. 

This paper presents a new approach to using ontology for supporting standard-
based, ontology-aware instructional design and planning. The proposed framework 
extends the meta-metadata layer of the LOM specifi cation to include conceptual 
information about knowledge domain representation. A set of ontology-related 
rules is applied to guide courseware developers in organizing instructional mate-
rial in terms of content, sequence, conceptual vocabulary, mandatory knowledge, 
prerequisite knowledge, and supporting knowledge.

3. Ontology-based e-learning design
Ontologies are one of the most important ingredients of the semantic web. 

Although it is agreed that the process of building a complete common ontology 
acceptable by a large community working in a specifi c domain is not a straightfor-
ward task, a generic expression of a domain-specifi c ontology is increasingly needed 
to develop a robust semantic web capable of fi ltering appropriate knowledge from 
the hugely unorganized worldwide web. In our approach, we use a class on a do-
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main-related ontology. This class of the ontology is used to provide control over 
heterogeneous vocabulary which defi nes the domain knowledge (requirements 
and constituencies). Similarly to Santacruz-Valencia et al. (2005) work, we do 
not assume the existence of a large size canonical ontology. Instead, our approach 
accommodates multiple (and vocabulary heterogeneous) ontologies. However, to 
facilitate semantic interoperability, we assume the existence of mappings between 
these domain-related ontologies (Stuckenschmidt et al., 2003) and we consider 
our ontology class as a representative of these mapping relationships as suggested 
in Sinir (2004).

A number of research attempts were made to solve the complex problem of 
consistently representing knowledge on a global scale (Uschold, Gruninger, 1996; 
Fernandez Lopez, 1999; Firat et al., 2002; Biletskiy et al., 2004a; 2004b), and to 
improve the effective integration of heterogeneous learning objects. For instance, 
Biletskiy et al. (2004a) start from a set of basic ontologies of course descriptions 
with the goal of creating a common ontology to assist in achieving semantic inter-
operability between learning objects. The common ontology must explicitly specify 
the learning objects’ basic ontologies, relationships between learning objects, and 
also relationships between concepts found within learning objects’ metadata. The 
process of integrating the initial ontologies into a common ontology consists of 
linking semantically identical and equivalent objects found in these ontologies. 
The set of identical and semantically equivalent (synonymous) ontological objects 
are hence used as connections between basic ontologies in the integration process. 
In addition to optimizing the semantic interoperability between learning objects, 
ontology offers clear guidelines on how to produce reusable information for the 
web. However, production of reusable information for the web also requires stand-
ard metadata to abstract data details and to ease data exchange. Hence, the use 
of ontology and metadata allows the community to effi ciently exchange learning 
experiences. 

The proposed ontology-based learning system enables intelligent instructional 
design and planning in specifi c domain knowledge. Courseware authors are pro-
vided with a framework that guides them in developing their own instructional 
strategy using a set of ontology based rules. The system controls the granularity level 
of learning objects production and guarantees that these are named and sequenced 
to comply with the ontology vocabulary and knowledge structure. The system of-
fers guidelines and services to build a Learning Web (LW), which is a connectivity 
of LOs according to a specifi c instructional design. Authors have full control over 
choice of the learning object sequences, depth of the material (i.e. LO granularity), 
prerequisite knowledge, support knowledge, and appropriate assessment material 
that mostly suit their instructional strategy. The rules associated with the ontology 
are only used to verify that these choices do not contradict the variety of relations 
enforced by the ontology, and that the content of the corresponding learning ob-
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ject satisfi es the content structure requirements and naming conventions of the 
ontology. The conceptual information derived from the ontology is stored in the 
meta-metadata layer of the LOM (see Figure 1), and includes information such as 
the name of the concept enclosed in the LO, its hierarchical level, and its relations 
with other concepts. The extended version of the LOM is empowered to provide a 
standard-based, ontology-aware specifi cation with the following benefi ts.

• Standardize e-learning system. Standardization is of great importance for reusing 
and exchanging LOs for a specifi c fi eld of knowledge. LOs designed according to 
a specifi c ontology, and belonging to a learning web, can be plugged in another 
learning web in order to cover the same concept outcomes.

• Effi cient LO search. Using keywords which are part of an ontology vocabulary 
provides better context-based search results.

• Adapting learning webs to learners. Ontology describes a knowledge domain into 
a hierarchy of constituents. Usually, the main constituents, also called body of 
knowledge, are organized into units, which are themselves divided into topics, 
which in turn represent sets of related concepts. It should be noted here that 
LOs are not necessarily associated with the leaves of the ontology hierarchy, but 
can be mapped to concepts at different levels. Depending on the author’s own 
understanding of the curriculum structure, teaching experience, and the nature 
of the course, he or she may devise learning objects that are associated to ele-
ments of higher levels in the hierarchy. Our system allows a great fl exibility in 
the learning object granularity, provided that this complies with the ontology 
hierarchy. An ontology guided LO development enables production of LOs at 
different levels of the ontology, thus, helping authors fi nding learning resources 
that suit most of a courseware requirements. 

• A common vocabulary. The terminology agreed upon in the ontology unifi es the 
conceptual view of a knowledge domain and optimizes the search process for 
learning objects. 

Figure 1 Ontology-aware LO Authoring process.
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• LO sharability and usability. Ontology guided LO development will allow a 
number of authors and learners alike to develop, reuse, update, and maintain 
LOs at different ontology levels.

 

4. Ontology-based architecture
The proposed e-learning architecture is organized into three layers namely 

knowledge layer, authoring layer, and learning layer, as shown in Figure 2. The 
knowledge layer delimits the knowledge content of a specifi c learning domain. 
This layer includes the ontology which plays crucial role in controlling the struc-
ture of a courseware (learning web), as well as the involved LO granularity. The 
ontology acts as a standardized reference model for learning in a specifi c domain. 

Figure 2 Ontology-based e-learning architecture.
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It determines the concepts of the domain, the relations among them, and the 
concept granularity to which learning objects are mapped.

The authoring layer consists of two separate authoring activities: learning ob-
jects authoring and learning web composition. In a classical e-learning architecture, 
these two authoring activities are combined into a single activity where authors 
develop learning resources to build their own learning webs. In this work, the use 
of ontology relieves authors from such a tedious task by standardizing the used 
concepts, defi ning their granularity, and establishing clear relationships among 
them. Authors are hence given the choice to either develop their own LOs or to 
make use of already developed ontology compliant LOs available on the web. 
The learning web composition task is a major module of the system where ontol-
ogy-related rules are used to guide authors in complying with the ontology-aware 
educational and domain knowledge structure.

Finally, the learning layer uses LO metadata and the ontology to adapt to dif-
ferent learners’ needs, preferences and background. This is done by plugging the 
appropriate LO content that best suits the learner (Atif, Benlamri, Berri, 2003a; 
2003b). The system allows learners to access a variety of learning webs. Learners 
also have the opportunity to choose the learning web that best suits a particular 
context. Learner routes are saved in a repository as new learning experiences for 
future use (Atif, Benlamri, Berri, 2003b). 

The proposed system provides learners and authors alike with a set of web 
services to search for, browse, retrieve, and store learning objects as well as learn-
ing webs. These web services use the ontology common vocabulary and semantic 
relations for consistency check while composing learning webs. 

4.1 LO authoring
The LO authoring process is generated by connecting the knowledge space (i.e. 

ontology) to the media space (LOs metadata). The connection of the knowledge 
space with educational material can be based on the use of the «Classifi cation» 
Category, defi ned by the IEEE LOM Standard which describes where a specifi c 
learning object falls within a particular classifi cation system. This approach, also 
used in Karampiperis and Sampson (2004), provides a simple way of identifying 
the domains (or concepts) covered by a learning object. The result of the merging 
of the knowledge space and the media space is a directed acyclic graph (DAG) of 
LOs which we refer to in this paper as Learning Web. Eventually, several learning 
webs may emerge as a result of this authoring process depending on the desired 
level of granularity. Further optimization of the generated learning webs may 
involve the selection of the shortest learning path using the typical learning time 
attribute of LOM standard as suggested in one of our previous research (Berri, 
Atif and Benlamri, 2004). 
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In order to enhance learning object reusability, we thus advocate an ontology 
as a standard reference model. The ontology uses a taxonomy of domain specifi c 
terms for describing domain knowledge representation. Hence, authors are guided 
by the hierarchy of concepts to build their specifi c learning objects. The ontology 
also allows adjusting granularity of LO content for authoring purposes. Granu-
larity refers to the way authors map the concepts of the ontology into learning 
objects. For instance, a learning object may be very general, having a large grain 
size, if mapped to a higher-level concept in the hierarchy, while another learning 
object may represent in-depth concept, referred to as fi ne grain concept, when 
mapped to a leaf node of the ontology. Figure 3 shows different learning webs that 
can be generated from the same ontology. In learning web 2, the learning object 
E is presented at the largest grain size avoiding to consider its sub-concepts in the 
hierarchy, whereas in learning web 1, it is described at the fi nest grain size consid-
ering all elements of the E’s sub-tree. Hence, our defi nition of granularity differs 
from the media-centric defi nition of granularity advocated by several standards in 
the sense that it is concept-centric.

4.2 Learning web construction
The process of structuring learning objects in a learning web is of great impor-

tance. Ontology-based guidance for courseware construction provides solutions 
to many crucial courseware organizational aspects. It defi nes a framework for 
courseware authors to state the minimum learning requirements, support infor-
mation, mandatory LO sequence, and pre-requisite knowledge. This is achieved 
through the rules describing relations among concepts embedded in the ontology. 

Figure 3 Ontology mapping at different granularity levels.
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For instance, the prerequisite relation establishes a temporal relation between a 
learning object and its pre-requisite, while the necessary part-whole relation forces 
the author to include LOs associated to all the necessary parts of a concept in the 
learning web in order to fulfi ll its educational purpose.

Figure 4 presents a fragment of a simple ontology for information retrieval 
designed for the purpose of this paper (Baeza-Yates, Ribeiro-Neto, 1999). The 
ontology includes a number of concepts and many instances of the following 
three ontology based relationships: prerequisite, part-of and necessary part-of. The 
objective is to assist authors generating ontology compliant learning webs by map-
ping LOs to the ontology concepts, and then, linking them according to the es-
tablished rules. The rules allow planning LOs in the learning web while satisfying 
constraints imposed by all ontology relations. While the default mapping of the 
ontology to a learning web is a depth-fi rst traversal of the ontology, the rules need 
to be checked at each LO addition to the learning web in order to comply with 
the relations’ constraints.

In order to formulate the rules and facts, we use formulas in fi rst order predi-
cate logic with the usual connectors. The relation prerequisite(ci, cj)involving 
two concepts ci and cj, denotes that concept ci is a required knowledge of cj and 
needs to be covered prior to it. Rule R1 in Table 1 establishes a temporal constraint 
represented by the temporal relation before between the learning objects LOk and 
LOi, representing respectively the concepts ck and ci. For instance, in Figure 4, 
concept c11 is a prerequisite concept for c12 and c13. This is represented by the facts 
a1 in Table 1. Hence, by applying rule R1, facts a2 will be deduced.

Figure 4 Fragment of an Ontology for Information Retrieval.
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Part-of relation partof(ci, cj) represents the part-whole relation where concept 
ci represents a knowledge component of cj. For instance, in Figure 4, concepts 
c11, c12 and c13 are part of concept c5. These relations are represented by the facts 
b in Table 1.

The relation necessarypartof(ci, cj) represents the necessary part-whole re-
lation where concept cj can not be completely understood without covering 
concept ci. This constraint is guaranteed by rule R2 in Table 1. This rule guaran-
tees that if LOk, representing concept ck, is in the learning web, then, all learning 
objects LOi representing concepts ci, which are necessary-parts of ck, must be in 
the learning web. For instance, in Figure 4 concepts c19, c20, c21, c22, and c23 are 
necessary parts of concept c8. This is represented by the facts c1 in Table 1. Since 
LO8 is included into the LW as shown in Figure 3, then rule R2 ensures by infer-
ring the facts c2 in Table 1, that learning objects LO19 LO20 LO21 LO22 and LO23 are 
all in the learning web.

Although the system gives a default learning web structure, resulting from the 
order generated by the depth-fi rst traversal algorithm, this structure is not com-
pulsory for the authors. Authors can rearrange LOs, and the rules provided by 
the system are automatically applied to ensure that these rearrangements do not 
violate the ontology relations. For instance, in Learning Web 1 (Figure 3), learning 
object LO12 is covered before learning object LO13, whereas LO13 is located before LO12 
in Learning Web 2. Both schedules are possible since none of them violates the 
ontology rules. However, since concept c11 is a prerequisite for concepts c12 and 
c13, both learning objects LO12 and LO13 should be scheduled after LO11 as shown in 
the learning webs of Figure 3.

Table 1
ONTOLOGY RELATED RULES AND FACTS

Rules R1: ∀ ci ∃ ck prerequisite(ck, ci) → before(LOk, LOi) 
R2: ∀ ci ∃ ck necessarypartof(ci, ck) ∧ LOk ⊂  LW → LOi ⊂  LW

Facts

Ontology related Facts LW related Facts

a1) prerequisite(c11, c12)
 prerequisite(c11, c13)

a2)  before(LO11, LO12)
 before(LO11, LO13)

b) partof(c11, c5)
 partof(c12, c5)
 partof(c13, c5)

c1)  necessarypartof(c19, c8)
 necessarypartof(c20, c8)
 necessarypartof(c21, c8)
 necessarypartof(c22, c8)
 necessarypartof(c23, c8)

c2)  LO19 ⊂  LW
 LO20 ⊂  LW
 LO21 ⊂  LW
 LO22 ⊂  LW
 LO23 ⊂  LW
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The above-mentioned relationships and rules are just those needed to illustrate 
the example given in Figure 3. It should be noted that the proposed system uses 
additional rules and relations to deal with other types of correlations between 
concepts.

  

5. Conclusion
In this paper, we presented a framework for standard-based, ontology-aware 

instructional design and planning in specifi c domain knowledge. The proposed 
ontology-based system provides a great potential for enhancing the LOM capabili-
ties. This is done by extending the LOM model to include conceptual information, 
common vocabulary, and by adjusting LO granularity to fulfi ll various educational 
needs. The extended LOM version proposed in this paper ensures both the inclu-
sion of shared agreement in the content and the specifi cation of standard-based 
metadata in the embedded material.

The proposed ontology-aware architecture is designed to allow separation of 
LO and learning web authoring activities. In our view, this is an important fea-
ture that makes instructional material reusable to a great extent. Moreover, the 
system offers fl exibility in structuring learning webs according to the author’s own 
understanding of the curriculum, experience, and objectives. It also enables the 
exchange of learning material, collaborative learning, and effi cient context-based 
retrieval of instructional information from learning object repositories available on 
the web. Current research work investigates new approaches in using ontologies 
for learner modeling. This can be done by providing new mechanisms to dynami-
cally build ontology-compliant learning webs that suit learner needs, preferences 
and background.
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1. Introduction
An e-learning system represents a particular informative system based on the 

web (WIS – Web Based Information System), that allows to classify, store, man-
age and assign teaching contents and in which the synergy between human and 
technological resources becomes fundamental and peculiar. In the course of time, 
e-learning has changed its proprieties which considered it as a simple supply sys-
tem far from the teaching contents, in which the student and the teacher are 
physically in different places, still evolving until allowing, on the one hand, the 
students to reach high levels of commitment and interactivity, thus encouraging 
the main corollaries of the «constructivist» and «collaborative» approach, and on 
the other hand to put at the teaching Team’s disposal — teacher, his/her assistants, 
tutor —, new tools that permit them to realise and manage the Learning Objects 
(LO), as well as the monitoring and assistance of the student’s learning activity. 
Everything is obviously coming in line with a simplifi cation of the interface man-
machine, that becomes essential in an e-learning environment and has to be as 
direct and simple as possible. Moreover, as we fi rst said, the public diffusion of 
the web-based services is dealing with a continuous increase of the users’ number 
and typology, which is also very different either from the subjective point of view 
(socio/demographic features) or from the objective one (aims and purposes), de-
termining a certain lack of balance between typology of use and typology of the 
accessible information, content management systems, information research tools 
(search engine), leading to characterize tools able to guarantee a personalisation 
at the user’s level, even more superior concerning the contents and the available 
resources. The studies concerning the so-called «adaptivity» of the systems and 
of the computer services to the user’s specifi c profi le are found in this optics. As 
a matter of fact, we fi nd it much more effective, in a context characterized by a 
high differentiation of the use and the contents, a system able to «adapt itself» to 
the requirements of every single individual to be able to give a personal answer to 
his/her univocal requirements; the limits of being able to reach compromises in 
terms of identifi cation of the optimal lay-out (Web-Adaptive) and presentation 
of the interest contents (Search-Adaptive) of the user are overcome in this way 
(Appratto, De Pietro et al., 2003). Specifi cally, considering the infl uence that 
technology and in a special way the communication technologies can have in an 
e-learning context, the attention of the authorized personnel (scholars/experts) is 
lately directing towards the development of the technological resource through 
the project and implementation of tools that promote the new paradigms which 
are asserting themselves in the fi eld of training on-line, such as the just-in-time 
learning, the collaborative learning, but above all this attention is oriented to the 
realisation of automatic systems, in open source modality, able to develop these 
activities that mainly consider the use of human fi gure (De Pietro, Appratto, 
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2002). In an e-learning context, one of the fi gures who plays an important and 
at the same time strategic role is the «tutor», since he/she is determining for the 
fulfi lment of an effi cient learning level from the students, which the success or the 
failure of a FAD type procedure very often depends on.

Consequently, concentrating our attention on the activities carried out by this 
fi gure and considering the suppositions outlined in the premise and the advantages 
offered, in our opinion, by the web adaptive systems, an open source software 
module called TutorBot, to support the tutoring activities on line is presented 
in this article. Belonging to the category of the intelligent agents, TutorBot is 
integrable in whatever e-learning platform. Using the AIML language (Artifi cial 
Intelligence Markup Language) for the data construction (Thomas, 2001; Wallace, 
2001) and a proper Adaptive Search Engine (ASE), TutorBot can be used as an 
interface between student and knowledge base in an e-learning platform, to guar-
antee forms of tutoring on-line fl exible in terms of space and time. The student, in 
his/her own language interacts with the intelligent agent to carry out the retriev-
ing of the teaching contents and at the same time to receive «assistance», exactly 
as a human tutor would do during a chat session (Ali, Channarukul et al., 2001; 
Descamps, Prendinger et al., 2001). We have to stress the fact that the content is 
not only presented in a textual format but, thanks to the AIML structure, it is also 
possible to manage the multimedia contents, making the whole learning process 
more effective. TutorBot’s aim is therefore to reduce the activities carried out by 
man — in our case by the tutors — in an e-learning platform with the advantage 
to be always available (ChenSession, Revithis et al., 2002; Ishizuka, Jatowt et al., 
2003). It is obvious that TutorBot does not have to be considered as a substitutive 
element to the human fi gure and/or to all the other synchronic and asynchronic 
communication tools, but it has to be seen as a support and integration system 
for the improvement of all the e-learning processes.

2. The AIML Knowledge Base
The intelligent agent, refl ecting the OpenSource philosophy, founds its main 

features on a description of the knowledge base in AIML language (Artifi cial Intel-
ligence Markup Language). TutorBot AIML knowledge Base can also constitute a 
complement to the Knowledge Base of the E-Learning platform in which the agent 
is integrated. The construction rules of the data, specifi ed by the AIML language, 
defi ne classes of data objects in which the information are captured. The data, 
structured in AIML, are contained in ASCII fi les that entirely constitute TutorBot’s 
knowledge bases. However, the agent does not directly question the AIML fi les, 
but in order to speed the information retrieving operations, the data contained in 
the AIML fi les are stored in an appropriate Database to which TutorBot can have 
directly access. The importation mechanism of the data in TutorBot’s Database 
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is completely automatic through appropriate modules. In this way, the agent can 
implement its own Knowledge Base with information belonging to different con-
texts, still if structured according to the AIML rules.

The process at the basis of TutorBot’s knowledge management system is sche-
matised in fi gure 1.

Figure 1 Import-Storing Metadata AIML.

KNOWLEDGE

BASE

AIML

CONTENT

PARSING

AIML

The object Topic identifi es the thematic classes and it is indispensable to better 
classify and index the information; it can contain 1 or more Categories and repre-
sents the element according to which the treated topic of these categories contained 
in it is defi ned. In its turn, the element Category contains the elements pattern 
and template; inside the Topic a lot of categories can be nested in, according to 
the complexity of the content that we want to describe. The metadata Pattern and 
Template are essential for the action stimulus-answer that guarantees the interac-
tion between the artifi cial tutor and the learners, since the information that will 
serve for the matching with the requests in the question phase are contained in 
the fi rst one, and the corresponding answers in the second one.

The general structure regarding these last data objects is represented as fol-
lows.

<!-- Category: aiml-category-elements --> 

 <aiml:pattern> 

  <!-- Content: aiml-pattern-expression --> 

 </aiml:pattern> 

  <aiml:template> 

   <!-- Content: aiml-template-elements -->

  </aiml:template> 
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The above-mentioned mechanism stimulus-answer of AIML is elaborated ac-
cording to construction rules of proper AIML data such as: symbolic reduction 
of text, sentences union and scission, synonyms management, etc. (De Pietro, 
Frontera, 2005).

3. Tutorbot: system functionality and implementation
In order to underline the potentialities of TutorBot in an e-learning environ-

ment, the interface of Tutorbot will be illustrated in the following paragraphs by 
focusing on its functionalities and implementation inside a didactic environment 
web based. In the specifi c, the phases of the interaction learner-Tutorbot will be 
described, by highlighting the potentialities offered by the agent in the cases of 
«informative lack». Finally, in order to underline the consequential potentialities 
from the use of the agent regarding the «profi le» of the student, an example of in-
teraction/dialogue will be introduced. This will allow to achieve such objective.

3.1 The Interface
TutorBot is introduced with a very simple interface, that the student uses 

during the interactive phases with the intelligent agent and through which he/she 
submits his/her own query in natural language; this latter is carried out by Tutor-
Bot, after appropriate operation analysis on the input (lexical reduction), by means 
of a software module (for an in depth study see De Pietro, Frontera, 2005). The 
Query can be in whatever form, that is it can explicitly refer to the information 
requirement relating to the knowledge base or it can be a conversation between 
the student and the robot.

In the fi gure 2, the interface of TutorBot, that can be implemented in any e-
learning platform, is illustrated.

Figure 2 Simple Interface of TutorBot.
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As it can be noticed by the interface represented in the fi gure above, the learner 
directly formulates his/her own question using a simple text-box, and the answer 
is given by TutorBot inside a special area destined to such purpose. In fact, the 
simplicity of the interface and of the interaction developed during the different 
phases of dialogue are set to simulate the tutoring process at its best as it has been 
conducted by a human tutor. It can be observed, that the face of TutorBot has been 
built on purpose using the technology 3D, to allow the movement of the mouth 
and the eyes, with the purpose to make the interaction more engaging. In fact, 
in contexts of IA it does not only need to pay attention to the technical aspects 
of the knowledge management, but it is also necessary to refer to the environ-
ment in which the interaction man-machine happens, making it more and more 
representative of the reality.

3.2 Functioning of the system
TutorBot has been tried out within the web-portal of the course of «Informatica 

per il turismo» 1 in the Faculty of Economics, University of Calabria. The integra-
tion of the agent inside a pre-existing platform allows to exploit some information 
found in the data base of the web-portal itself, as data which identify the profi le 
of the students enrolled to the course. Such data are, for example, the courses 
which each learner belongs to, some data produced by tracking during the use of 
web-portal, etc.

All the information found trough the web-portal are used to profi le the learner 
on the basis of personal characteristics, being their profi les of a great value to be 
able to manage adaptive systems.

On the basis of these preliminary remarks, it is possible to understand how 
TutorBot works, by taking into account (fi gure 3) of the previous paragraph, by 
analysing the output of the agent which is the result of what happens in back-
ground.

As shown in fi gure 3, to the question asked by the learner in natural lan-
guage (TutorBot Knowledge Base is in Italian language): «Fammi vedere i da-
tabase relazionali e la struttura» (in English language: «Let me see the relational 
database and the structure»), the agent answers with a PATTERN included in its 
own knowledge base, nevertheless, the agent, in order to do that and eliminate 
any chance of error, fi rstly analyses the data regarding the learner who has asked 
the question, data which are then used to profi le the learner and match the fi nal 
profi le with the proper sections inside the AIML knowledge base identifi ed by 
the topic (adaptivity).

1 Application link: http://www.economia.unical.it/corsi/depietro8/modules.php?name=TutorBot.
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To clarify the concept, it can be said that a learner who follows a course of 
computer science, will have a preference of correspondence inside the knowledge 
base AIML on topics associated to the subject «computer science», therefore it is 
possible to avoid confusion in getting a topic of conversation between TutorBot 
and the learner. Obviously, the topic identifi ed may also be different from topics 
connected to computer science if the learner will shift the conversation on dif-
ferent topics. 

Indeed the agent can autonomously pick up a topic of conversation, from 
(as it was pointed out before) the profi le of the learner as well as from the same 
conversation. This is possible thanks to the rules entailed in AIML, which you 
can go to for further information.

Going back to the example in fi gure 3, to the question (in Italian language): 
«Fammi vedere i database relazionali e la struttura» (in English language: «Let me 
see the relational database and the structure»), the following AIML code can be 
identifi ed inside the knowledge base (in Italian language):

Figure 3 Interface of TutorBot in multimedia contents management.
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<aiml>
<topic name=»Database»>
<category>
<pattern> * Database _ struttura
</pattern>
<template> Un database relazionale è un insieme di tabelle 

correlate.<br> Ecco un esempio di struttura relazionale:<br> 
<img src=»database_schema.jpg» width=»100» height=»100» alt=»» bor-

der=»0» />
</template>
</category> 
</topic>
<aiml> 

Note 1 – The AIML Knowledge base of TutorBot is in Italian as it is full of informative 
contents. For this reason it was decided not to provide any translation.

The same example in English language:

<aiml>
<topic name=»Database»>
<category>
<pattern> * Database _ structure
</pattern>
<template> A relational database is a set of correlated tables.<br> 

This is an example of relational structure:<br> 
<img src=»database_schema.jpg» width=»100» height=»100» alt=»» bor-

der=»0» />
</template>
</category> 
</topic>
<aiml>

As it is understood, from both fi gure 3 and the same AIML code presented 
above, it is possible to manage the multimedia contents (images, videos, etc.) 
directly inside the code by inserting tag HTML inside the same tag TEMPLATE 
of AIML. 

The multimedia content, inserted in the TEMPLATE, is shown by TutorBot 
in output alongside the textual content that usually constitutes the answer of the 
agent to the learners’ questions. For the same reason, links might be introduced, 
being possible to exploit hyper-textual as well as multimedia potentialities. In 
such a way, the interaction with the tool is highly improved, just as a human tutor 
would do, TutorBot can draw the user’s attention to further informative material, 
to have more detail on the topics of conversation. 

Another characteristic of TutorBot has to be emphasised. If the question raised 
by the learner cannot be met because a correspondence does not exist inside the 
knowledge base AIML, the agent, through a search engine expressly implemented 
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for this purpose, ends up questioning external knowledge bases. Such search engine 
is of an «adaptive» kind and has therefore been denominated ASE (Adaptive Search 
Engine) (see paragraph 4) (Appratto et al., 2003; Brusilovsky, 2004; Laforcade et 
al., 2004; McTear, 1993; Mendel et Jerry, 1970); this indexes the resources on the 
basis of two fundamental criteria:

− key-words present in the document;
− logical context of reference which the topic of the indexed resource and user’s 

profi le correspond to (through the WEB platform).

With these two parameters, the resources can be found not only by means of 
key-words taken out from the learner’s questioning sent to TutorBot in natural 
language, but also by means of the logical context which the learner is referring to 
during the conversation and strictly linked to his/her profi le. The coherence and 
the actual logical context are determined by the recursiveness of some key-words, 
that during the conversation, clearly identify the object of the conversation. In 
the example in fi gure 4, we can synthesize what happens in background after a 
conversation of this kind.

In Italian language:

− Learner: «Cercami database relazionali».
− TutorBot: «Per sapere di più sui database puoi verifi care su queste risorse che ho 

cercato per te».

The same example in English language:

− Learner: «Search relational database».
− TutorBot: «If you want to know more about the database you can check through these 

resources that I searched for you».

In other words, in the example, to the user’s request to carry out a research, 
identifi ed by the key-word «search» (along with others included in the knowledge 
base), TutorBot gets started by explicitly questioning (in this case following the 
learner’s input) the search engine (ASE) which it is connected to, the latter, as il-
lustrated in the following paragraph in fi gure 5, provides an output related to the 
search on key-words taken out from the PATTERN of conversation, in our case 
«relational database» (learner’s input). In case the agent fi nds a lack of information 
in his AIML knowledge base, he automatically activates the research to external 
sources, always through ASE (this is clear for the user, see paragraph 4).

The output of TutorBot, if we carry on with the above example and still refer 
to fi gure 4, ends up being composed by two elements:

– a section in natural language, where the research which has been carried out, is 
explained to the learner;

− a section which contains the results of the research carried out by ASE, with the 
related links that you can click on to the corresponding resources.
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Both sections are completely integrated, therefore creating a homogeneous set 
which is by and large the answer of the agent to the learner’s questioning. 

4. Description of the Adaptive Search Engine (ASE)
The adaptive search engine (Appratto, De Pietro et al., 2003) is used as a 

support to the TutorBot’s information retrieving. It is used by TutorBot, as we 
previously pointed out, when the student’s query is not directly satisfi ed from 
TutorBot AIML knowledge base. In practice, it is TutorBot itself that «questions» 
the adaptive search engine (ASE) to be able to make up for an information lack in 
its knowledge base and consequently, to be able to return to the student the results 
researched in external sources; the student could fi nd information approximately 
near the asked query. The essential element to have TutorBot work together with 
the «search engine» is constituted by the AIML tag <search>, these latter send 
the element template and the reference topic to the ASE that provides for the 
information retrieving. In this way, TutorBot, using the AIML rules (De Pietro, 

Figure 4 Interface of TutorBot with the integration of the search engine.
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Frontera, 2005), proceeds to a «lexical reduction» of the student’s input, whenever 
it uses its own natural language, to allow the ASE to carry out the research and 
consequently to present the possible links to external resources or the ones present 
in the knowledge base indexed by it. The sending of the query, corresponding to 
the pattern characterized in the AIML knowledge base, associated to the topic 
which corresponds to the topic object of the conversation between the student and 
TutorBot, turns out the results of the ASE research to be the most relating to the 
question asked by the student. 

An example of AIML code that activates the questioning towards ASE is pre-
sented as follows (see fi gure 4):

<aiml>
 <category>
      <pattern>* cercami _ Database *</pattern>
      <template> Per sapere di più sui database puoi verifi care su queste
   risorse che ho cercato per te.
   <br> 
      <search query=»http://160.97.33.198/cgi-bin/search/search.pl?»>
              <topicstar/>
              <star/>
      </search> 
      </template>
</category> 
</aiml>

Note 2 – The AIML Knowledge base of TutorBot is in Italian as it is full of informative 
contents. For this reason it was decided not to provide any translation. 

The same example in English language:

<aiml>
 <category>
      <pattern>* database _ tries *</pattern>
      <template> For knowing more of the database you can verify on these resources
   that I have tried for you.
   <br> 
  <search query=»http://160.97.33.198/cgi-bin/search/search.pl?»>
              <topicstar/>
              <star/>
  </search> 
  </template>
</category> 
</aiml>

The interaction process between TutorBot and ASE can be understood observ-
ing the scheme proposed in Figure 5.
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Moreover, rigorously following the adaptivity technology (Mendel, Jerry, 1970), 
the ASE is able to characterize the student’s «profi le» and consequently «adapting 
itself» to this latter, it only visualizes the results that exactly respect this profi le. In 
fact, to a traditional search engine, such as Google, MSN or others, ASE integrates 
a particular module that carries out a further selection phase, which follows the 
traditional one, based on the matching of the research results and the features of 
the user’s profi le characterised by the adaptive-engine (adaptive module that deals 
with the acquisition of the student’s information in the interaction phases with the 
e-learning platform) (De Pietro, Frontera, 2005; McTear, 1993; Sugar, 1995).

Finally, the adaptive search engine is based on two research criteria:

– explicit: research according to the keywords and to all the information and opera-
tions that the user inserts and carries out in a conscious way when he/she makes 
a research (in this way, the tool is identical to the traditional research engines);

– implicit: research according to the individual features, that is on the single user’s 
profi le, that the system through the adaptive-engine registers when every single 
user of the services surfs through the pages.

The implicit criterion is transparent to the user, however it is successful in 
capturing the peculiar aspects useful for the selection that not even the user can 
express, if questioned. The registration of the choices made by the user and the 
«paths» undertaken through the pages of an adaptive homepage, constitute a useful 
complement to the explicit results that are inserted as input. This allows to evalu-
ate fi nally if a certain link, chosen by the engine through the traditional criteria, 

Figure 5 Interaction between TutorBot and ASE.
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is included or not among the sphere of the user’s usual interests that the research 
phase has directed through the insertion of a series of keywords.

5. Conclusions
The present work is included among the studies for the optimisation of the 

learning processes inside an LMS through the use of Intelligent Agents, and in par-
ticular wants to give a further tool for the fulfi lment of a more effective learning. 
This tool presents remarkable strengths since, basing itself on the AIML language, 
it can be easily extended towards other applications, and in the specifi c context 
integrated in other LMS, encouraging the development of sharable repository.

Thanks to the standard in object, it is possible that AIML documents pro-
duced in other e-learning platforms, can easily be imported and used in its own 
knowledge base, increasing at the same time the interaction level with the students 
and knowledge.

Specifi cally, the expected benefi ts can thus be synthesized:

− realisation of a tutoring activity on line usable at any time, anywhere and more 
and more complete;

− reduction of the management costs and the working time from the teachers/tu-
tor, consequently a resource saving that can correspond to a better use for the 
fulfi lment of a major quality of the learning at the global level;

− high level of interoperability between different systems, which is an expected aim 
from the main international organisations that are interested in e-learning.

One of the main advantages to be stressed, derives from the open source tech-
nology used for the implementation of the system, that makes it easily adaptable 
in whatever web-oriented context, and put the basis for the development of add-on 
in continuous evolution from the part of the community of developers who follow 
the same standard for further improvements. Another strength of the system is 
fi nally given by the integration of the Adaptive Search Engine (ASE), that allows as 
a fi rst request to provide for possible lack of information in the existing knowledge 
base, and at the same time allows high levels of personalisation in the answering 
phases to the learners, thanks to the used adaptivity techniques that are mainly 
integrated with the AIML data objects, fi rst amongst all with the object Topic, 
and consider the user’s profi le.

Moreover, we want to emphasize that the argumentations and the system de-
veloped in the article put, in our opinion, the bases for the implementation of 
mechanisms that are able to automatize the knowledge management processes 
according to standards recognised at international level, either to reduce human 
work or in contexts characterised by a high level of use and a variegated typology 
of the contents becomes very expensive.
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Abstract
Although E-learning has advanced considerably in the last decade, some of 
its aspects, such as E-testing, are still in the development phase. Authoring 
tools and test banks for E-tests are becoming an integral and indispensable 
part of E-learning platforms and with the implementation of E-learning 
standards, such as IMS QTI, E-testing material can be easily shared and 
reused across various platforms. With the knowledge available for reuse 
and exam automation comes a new challenge: making sure that created 
exams are free of confl icts. A Confl ict exists in an exam if at least two 
questions within that exam are redundant in content, and/or if at least one 
question reveals the answer to another question within the same exam. In 
this paper we propose using Information Retrieval techniques to detect 
confl icts within an exam. Our solution, ICE (Identifi cation of Confl icts in 
Exams), is based on the vector space model relying on tf-idf weighing and 
the cosine function to calculate similarity. ICE also combines the hybrid 
recommendation techniques of the EQRS (Exam Question Recommender 
System) in order to propose replacements for confl icting questions.
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1. Introduction
E-learning has advanced considerably in the last years. Today, there exist many 

E-learning platforms, commercial (WebCT1, Blackboard2) or open source (ATutor3), 
which offer many tools and functionalities, some aimed towards teachers and 
developers, and others aimed towards students and learners (Gaudiosi, Boticario, 
2003). Nonetheless, some of E-learning’s aspects, such as E-testing, are still in their 
early stages. E-learning platforms offer E-testing Authoring tools and Test Banks, 
nevertheless, most of these tools are limited to the platform itself and to the best of 
our knowledge, Test Banks are limited to the teacher’s private use. With E-learning 
standards and specifications, such as the IMS QTI4 (IMS Question and Test 
Interoperability), teachers can explicitly share E-testing material by using import/
export functionalities, available only on some platforms. In order to encourage 
knowledge sharing and reuse, we are currently in the works of designing and 
implementing a web-based assessment authoring tool called Cadmus. Cadmus offers 
an IMS QTI-compliant centralized questions-and-exams repository for teachers to 
store and share implicitly E-testing knowledge and resources. Moreover, Cadmus 
offers tools such as the EQRS (Exam Questions Recommender System) (Hage, 
Aïmeur, 2005) to help locate required information. Nevertheless, selecting questions 
depending on the teacher’s preference cannot guarantee a fl awless exam with no 
confl icts. A confl ict exists in an exam if two or more questions are redundant in 
content, and/or if a certain question reveals the answer of another question within the 
same exam. Such confl icts might be frequent typically when a teacher is using shared 
questions, and especially in the automation of the exam creation process. This paper 
introduces ICE (Identifi cation of Confl icts in Exams), a module within Cadmus 
that uses IR (Information Retrieval) techniques to identify confl icts within an exam. 
ICE is based on the vector space model using the cosine function and tf-idf weighing 
technique (Singhal 2001). Furthermore, ICE combines the EQRS techniques in 
order to recommend replacements for confl icting questions. The paper is organized 
as follows: section 2 introduces E-learning, and E-testing; section 3 presents Cadmus; 
section 4 describes the approach of ICE; section 5 highlights the testing procedure 
and results; and section 6 concludes the paper and presents the future works.

2. E-Learning
E-learning is the delivery and support of educational and training material 

using computers. E-learning is an aspect of distant learning, where teaching ma-

1 http://www.webct.com/.
2 http://www.blackboard.com/.
3 http://www.atutor.ca/.
4 http://www.imsproject.org/.
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terial is accessed through electronic media and where teachers and students can 
communicate electronically. E-learning is very convenient and portable, and in-
volves a great collaboration and interaction between students and tutors or spe-
cialists. There are four parts in the life cycle of E-learning: Skill Analysis, Material 
Development, Learning Activity and Evaluation/Assessment. 

2.1 E-testing
E-testing is the development, delivery and support of testing and assessment 

material using computers. Research done on 908 volunteers from 25 different 
classes at Ball State University (Butler 2003) indicates that student taking exams 
on computers have a positive attitude towards a higher number of exams, and that 
E-testing promotes a higher sense of control within the students and less anxiety 
about taking exams. There exist many E-learning platforms that offer different 
functionalities, most offer only basic testing functionalities, and are limited to the 
platform itself.5 Furthermore, each E-learning platform chooses a different pla-
tform/operating system, its own unique authoring tools, and stores the information 
in its own format. Therefore, in order to reuse E-learning material developed on a 
specifi c platform, one must change considerably that material or recreate it using 
the target platform authoring tools. Standards and specifi cations help simplify the 
development, use and reuse of E-learning material (Mohan, Greer, 2003).

Currently, there are many organizations developing different standards for E-
learning, each promoting its own standards.6 IMS QTI sets a list of specifi cations 
used in order to exchange assessment information, such as questions, tests, and 
results. QTI allows assessment systems to store their data in their own format, 
and provides a mean to import and export that data, in the QTI format, between 
various assessment systems.

3. Cadmus
Cadmus offers an IMS QTI-compliant centralized questions-and-exams repo-

sitory for teachers to store and share E-testing knowledge and resources. A teacher 
using Cadmus may create his own questions using the Question Authoring Envi-
ronment (Figure 1), has the choice to keep these questions private, or share them 
with other teachers. Furthermore, a teacher can use the Exam Authoring Environ-
ment (Figure 1) to access his questions, or shared questions from other teachers, in 
order to create exams. One of the Exam Authoring Environment functionalities is 
the EQRS (Exam Question Recommender System), a recommender system to help 

5 http://www.edutools.info/index.jsp.
6 http://workshops.eduworks.com/standards/.
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teachers in their search for exam questions. In order to create a proper exam, one 
must make sure there are no confl icts between the various questions of that exam. 
A confl ict exists between two questions in the same exam if one question reveals 
the answer to the other, and/or if the two questions are redundant. Such confl icts 
between questions within the same exam might be frequent, particularly when a 
teacher is using questions authored by others, and especially in the automation of 
the exam creation process. ICE (Identifi cation of Confl icts in Exams) is a new mo-
dule imbedded into the Exam Authoring Environment; ICE uses IR (Information 
Retrieval) techniques, to detect confl icts between questions within the same exam. 
«Information retrieval (IR) deals with the representation, storage, organization of, 
and access to information items» (Baeza-Yates, Ribeiro-Neto, 1999). The aim of IR 
is to provide a user with easy access to the information of his interest, estimating 
the usefulness of a document to the user and ranking them accordingly. IR systems 
usually assign documents a numeric score, used for ranking purposes. There are 
several models for this process (Baeza-Yates, Ribeiro-Neto, 1999; Salton, McGill, 
1983); some of the most common models in IR are the vector space model and the 
probabilistic model (Maron, Kuhns, 1960).

Figure 1 Cadmus Architecture.
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4. ICE – Identifi cation of Confl icts in Exams
ICE is a module within Cadmus that detects confl icts between questions within 

an exam. In order to detect these confl icts, ICE uses IR techniques based on the 
vector space model. Essentially, the vector space model relies on a similarity fun-
ction to determine how identical the two documents are.

4.1 Similarity Function
In the vector space model, text or a document is represented by a vector of ter-

ms (Salton, Wong, Yang, 1975). The Cosine of the angle between two term vectors 
is used to evaluate the similarity between the respective texts or documents. If the 
Cosine = 1 then both documents are similar (angle between vectors = 0), and if 
the Cosine = 0, then the two documents are orthogonal (angle between vectors = 
90). Equation 1 highlights the similarity function used to evaluate the similarity 
(the cosine) between the document vector     and the query vector    .

Equation 1: Similarity Function

In Equation 1 wi,j represents the weight of the term i in the document j and 
wi,q represents the weight of the term i in the query q. In an IR system a query 
represents what the user is looking for, and the documents represent the search 
domain. In ICE, the documents are the questions within a specifi c exam, and the 
query is one of the exam questions where ICE is trying to determine if any confl icts 
exist between this query question and the rest of the questions within that Exam. 
When an Author is creating a new question in Cadmus, he is required to specify 
one or more keywords relating to the content of that question. The terms that 
compose the query and document vectors are these, author specifi ed, keywords. 
In order to specify the weight of the keywords (wi,j and wi,q ) ICE uses the tf-idf 
weighting technique.

4.2 tf-idf weighting
The tf-idf weighting scheme relies on the tf (Term Frequency) and idf (In-

verted Document Frequency) to determine the weight of a keyword in a certain 
document. The weight wi,j of a keyword i in a document j is calculated using the 
formula in Equation 2. 
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Equation 2: tf-idf formula

tfij represents the importance of the term i in the document j, and is calculated 
using Equation 3 where freqij is the frequency of the term i in document j and max 
freqj is the maximum frequency of a term in document j. idfi represents the discri-
minating power of the term i and is determined using the formula in Equation 4, 
where N is the total number of documents, and ni is the number of documents 
in which the term i appears in.

Equation 3: tf formula                              Equation 4: idf formula

4.3 ICE Process
Now that the similarity function and keyword weighing scheme is clear, let us 

put all the building blocks together. Figure 2 illustrates the ICE process. The fi rst 
step of detecting confl icts in an exam is to select the Exam Questions. Since this 
process is already completed using the Exam Authoring Environment of Cadmus. 
There are three stages in the ICE process, preparation (tf-idf calculation), confl ict 
detection, and confl ict reporting.

wij = tfij x idfi

tfij = 
freqij

max freqj

idfi = Log2
N
nj

( )

Figure 2 ICE process.
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4.3.1 tf-idf calculation

The fi rst step of the ICE process is to prepare the tf-idf values for the keywor-
ds. First, since exam questions are usually short, most keywords will appear only 
once, thus ICE assumes the tf of all the keywords to be 1. Furthermore, the Exam 
Authoring Environment keeps track of a counter for each of the various question’s 
keywords; incrementing or decrementing the counter each time a question is 
added to, or removed from the exam. ICE iterates over the value of the keyword’s 
counter applying Equation 4 to compute the respective idf values. Finally, ICE 
applies Equation 2 to evaluate the keywords’ weights.

4.3.2 Confl ict Detection

To detect confl icts within an Exam, ICE iterates the query vector (qi) on the 
questions of the Exam, such that i ← 1 to N-1 (N is the total number of questions 
in the exam). Then, for each qi, ICE iterates the document vector, dj, on the re-
maining questions, where j ← i+1 to N. At each iteration (i,j), ICE calculates S1 
= sim(qi,dj). If S1 is greater than or equal to the threshold T, then ICE reports Qi 
and Qj as redundant questions. The value of T was determined through testing 
and is set at 0.45. 

Furthermore, at the same iteration (i,j), ICE will automatically extract the 
keywords of the correct answer(s) of Qi, and adds these keywords to qi, resulting 
in a new query qai. ICE then computes S2 = sim(qai,dj). If S2 is greater than or 
equal to the threshold T, then ICE reports the confl ict between Qi and Qj: Qj 
reveals the answer to Qi. 

Moreover, at the same iteration (i,j), ICE will also automatically extract the 
keywords of the correct answer(s) of Qj, then adds these keywords to dj, resulting 
in a new document vector daj. ICE then computes S3 = sim(qi,daj). If S3 is greater 
than or equal to the threshold T, then ICE reports the confl ict between Qi and 
Qj: Qi reveals the answer to Qj.

4.3.3 Confl ict Reporting

When ICE detects a confl ict between two questions, that confl ict is repor-
ted. Both questions are specifi ed with the option to view or replace each of the 
questions. To replace a question, the user can search for questions with the same 
criteria (Type, Diffi culty, etc.) as the question to be replaced, or he can change 
one or more criteria to search for replacement questions.

In the fi rst case, the search for the replacement questions is done through a 
simple content based fi lter. All the questions with the same criteria as the question 
to be replaced are retrieved. ICE will try fi rst to retrieve all the questions with the 
same criteria as Qr (the question to be replaced) and none of its keywords. If no 
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replacement questions were found, ICE will attempt a new search for questions 
with the same criteria and some of Qr’s keywords. In order to know which keywords 
to allow in the replacement questions, ICE selects Qr’s prohibited keywords with 
the highest weight, such that if a replacement question had all of Qr’s remaining 
keywords, the similarity will remain less then the threshold T. ICE will perform 
the new search for all the replacement questions with the same criteria as Qr and 
none of the prohibited keywords.

In the second case, when one or more search criteria are specifi ed by the user, 
the search for replacement questions is conducted using the EQRS (Exam Que-
stion Recommender System) technique. This approach consists of using a Feature 
Combination, Hybrid recommendation technique (Burke, 2002; 2004) to recom-
mend questions. 

The recommender system is composed of two levels; a Content Based fi lter and 
a Knowledge Based fi lter (Burke, 2002). The Content Based fi lter retrieves a set of 
candidate questions according to their content, using the same technique for the 
keywords as described in the previous paragraph. These candidate questions are 
then sorted by the Knowledge Based fi lter with regards to their relevance to the 
user’s preferences.

5. Testing and Results
ICE was tested on a questions bank of 200 Java questions. The test generates 

an exam by selecting between 10 and 40 questions randomly. After the creation 
of the random exam, ICE will detect the confl icts. 

There were a total of 204 randomly created exams with confl icts. The random 
exams had an average of 28 questions. There were no undetected confl icts, and 
a total of 512 reported confl icts. Since the same confl ict between two questions 
might appear in several exams, recurring confl icts were grouped into confl ict 
case. Grouping the recurring confl icts into cases resulted in a total of 93 different 
confl ict cases, out of which 77 (83%) were true confl icts and 16 (17%) were not 
actual confl icts. 

These results are illustrated in Figure 3. Most of the invalid confl icts reported 
are due to keywords selection and weighing. Different questions with very similar 
keywords, such that the difference in the context of the questions is defi ned by 
only one of the keywords, have a similarity greater than the threshold. Increasing 
the value of the threshold will result in true confl icts being undetected. 

Nonetheless, testing proved that setting T to 0.458 (T was 0.45 originally) 
increased the accuracy of confl ict reporting, although now, there are undetected 
valid confl icts (Figure 4). A further increase in the value of T reduced the number 
of invalid confl icts reported, but did not ameliorate the accuracy since more true 
confl icts were passing undetected. Table 1 summarizes the results of the tests. 
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Table 1
RESULTS SUMMARY

 Total No Confl ict True Confl ict Undetected 
Confl ict

Preliminary Results 512 111 21.68% 401 78.32% 0 0%

Refi ned Results 93 16 17.20% 77 82.80% 0 0%

Results T = 0.458 90 13 14.44% 76 84.44% 1 1.11%

Figure 3 Preliminary Results.

Figure 4 Results after increasing T.
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Although ICE was tested only on Java questions, the accuracy of confl ict de-
tection will not suffer with subjects other than Java since ICE relies mainly on 
the keywords specifi ed by the author of the question. Initial testing on sample 
Artifi cial Intelligence and Databases questions have resulted with a similar, high 
accuracy confl ict detection.

Furthermore, testing on the available question base has revealed that whe-
never a question Qi is detected to reveal the answer of a question Qj, then both 
questions are similar enough in content to be detected by ICE as redundant 
questions. 

Although it is not a complete surprise (since it is logical to assume that for a 
certain question to reveal the answer of another question it should be similar in 
context), further testing on a bigger questions base, and searching for particular 
cases can help determine the need of testing for such confl icts (if Qi reveals the 
answer of Qj).

6. Conclusion
Today, many E-learning platforms offer E-testing authoring tools. These tools 

create E-testing material that will remain mostly confi ned to their author and 
the platform itself. 

Cadmus, an alternative solution, offers an independent IMS QTI-compliant 
platform to create and share E-testing material. Furthermore, to help the tea-
chers in the exam creation process, Cadmus includes ICE, a module that detects 
confl icts between questions within an exam. ICE has been tested on a Question 
Bank of around 200 Java questions. 

Results show that ICE confl ict detection is quite accurate. After testing ICE 
on 204 randomly created exams, with an average of 28 questions in each exam, 
all confl icts were detected, and the accuracy of the confl ict reporting was at 83%. 
Slightly increasing the threshold improved the accuracy by 2%, although some 
confl icts remained undetected. Furthermore, thus far, testing has shown that 
whenever a question is detected by ICE to reveal the answer of another question, 
the two questions are similar enough in content to be reported as redundant. Ad-
ditional testing, on a larger question bank, is required to decide on the necessity 
of checking for such confl icts.

The main focus for future work is to enhance the weighing scheme to further 
refi ne the accuracy of confl ict detection, for instance: taking advantage of the tf, 
such that keywords related to content weigh more that other keywords. Moreover, 
further consideration on combining tools such as the EQRS (to select the que-
stions) and ICE (to validate the exam) in order to automate the exam question 
selection, bearing in mind restrictions such as to include (and not exclude due 
to confl icts) questions to cover the exam domain.
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1. Introduction
This article presents the introduction of an Open Source Learning Manage-

ment System (OS LMS) in two Tessin (Switzerland) higher education institutions: 
the University of Lugano (USI) and the University of Applied Sciences of Italian 
Switzerland (SUPSI).

These institutions are quite small (respectively 1900 and 1800 students, and 
550 and 400 professors, many of them part-time) and relatively young: USI started 
in 1996 while SUPSI in 1997, integrating already existent schools. Due to their 
inner characteristics, both institutions focus on in-campus activities, offering high 
quality services and a very positive student/faculty ratio.

Although not directly interested in distance learning, USI and SUPSI have 
been deeply involved since their very beginning in eLearning activities, mainly 
aimed at improving the quality of in-campus teaching/learning experience and 
at enhancing fl exibility slightly reducing classroom time; in addition, eLearning 
is in the Faculty of Communication Sciences studies also a research and teaching 
subject. These interests matched quite perfectly the efforts made at the federal 
level to promote a wide integration of ICT in higher education, in particular those 
supported by the Swiss Virtual Campus, which funded many eLearning activi-
ties in both institutions. Due to these interests and experiences, and in order to 
foster collaboration and take advantage from economies of scale, USI and SUPSI 
created in 2004 a common laboratory, eLab – eLearning Lab (www.elearninglab.
org), whose main goal is to promote and support the development of eLearning 
applications at USI and SUPSI.

2. The choice of the platform
USI and SUPSI had a year-long experience in blended-learning courses and 

in funded eLearning projects with WebCT, and a smaller experimental experi-
ence with BlackBoard. These two LMS yet served only a very limited number of 
courses of early-adopter instructors: the largest part of courses simply distributed 
electronic documents through shared folders on the network.

In the process of creating common services for the two institutions, a new LMS 
had to be chosen in order to support their teaching activity, and the choice was 
made for Moodle. The reasons for this choice should be understood on two levels: 
(a) on a general level, answering the question: «Why an OS software?»; and (b) on 
a more detailed level, answering the question: «Why Moodle?».

2.1 Why an OS?
The perceived benefi ts that pushed USI and SUPSI toward an OS solution are 

threefold, and concern costs, infrastructure, and tailoring and integration.
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Costs. One of the main issues with commercial LMS is funding: the uncertain 
benefi ts of online learning made the two institutions doubt about the real return 
of a huge investment as the acquisition of the required number of seats in a com-
mercial LMS. First, instructors and students did not have established practices in 
using online tools, so that the actual use of the LMS was unpredictable. Second, 
the uncertainties of the market and the rapid and often earthshaking develop-
ments of the eLearning world made the commitment to a single producer tricky. 
Finally, it was a one-shot situation: in the undesired chance of a failure, the cost 
would have made almost impossible to try out another solution. Moving to an 
OS solution mitigated these three issues: given the low cost, even a failure would 
have a reduced impact on the overall budget, and would not have prevented mov-
ing to another OS or even commercial solution later. Furthermore, the (almost) 
complete visibility of the life of an OS community provides more information 
about its hope of survival in the eLearning market than the fi nancial reports of 
super-protected commercial players. 

Infrastructure (material and human resources). One of the big issues of OS 
software, and of its major hidden costs, is the need of infrastructure (hardware 
and network connection) and of in-house work for setting up the system, for 
maintaining the application and for checking, selecting and installing updates. 
All of these issues are quite unproblematic in our setting, as in the largest part of 
universities, who have a dedicated IT staff able to care after the infrastructure, 
the installation, maintenance and update of software applications. Moreover, the 
hardware demands of OS software are usually signifi cantly lower than those of 
commercial software.

Tailoring and integration. An eLearning system potentially impacts the core of 
a university’s activity, and has to be integrated with standard procedures for class 
scheduling, enrollments, assessment, quality evaluations, network accounting etc. 
The main advantage that an OS solution brings to institutional users is the pos-
sibility to tailor the application to one’s needs, and to integrate it in fi rst person 
in existing procedures and IT system. Some of the adaptations and integration 
carried out at eLab are presented below.

2.2 Why Moodle (the review process)
Once decided to look for an OS solution, a review and selection process started, 

articulated in three phases (Botturi, 2004). In the fi rst phase, a general selection 
was conducted: through reading specifi cations and features lists of about 50 LMS, 
12 of them were admitted to the next step. Phase 2 planned a systematic hands-on 
trial in order to check the availability of features and usability of the selected LMS 
against a set of basic user requirements: in this phase, 6 LMS were selected for the 
last step in the process. Phase 3 considered the LMS from a «social» point of view, 
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and focused on: (a) the dimension, history and stability of the OS community 
behind the software; (b) whether the programming languages used were up to date 
and known to the eLab staff; (c) the familiarity of the eLab staff with it.

The selection ended with the identifi cation of Moodle as the main eLab plat-
form. Actually, Moodle provides a less sophisticated and structured environment 
than a full-fl edged commercial LMS such as WebCT. As a result of the OS devel-
opment model, Moodle looks more like a set of tools that share an environment, 
while commercial LMS support a complete development process and provide 
complex management tools. The point is that, given the simple requirements of 
our potential users, and the fact that online courses do not have any dedicated 
management process, a set of tools was far enough for our needs.

3. Tailoring Moodle to the universities’ needs
The selection of Moodle was just the fi rst step in offering a complete eLearning 

support service to USI and SUPSI. The LMS was in fact adapted and integrated 
in order to fi t to their needs. Adaptations and integration are here organized into 
three categories.

3.1 Integration
Integrations are modifi cations of the application that are aimed at making it a 

functional part of a bigger system. 
The main challenge in introducing a new LMS was trying not to make it a 

bothering problem for the users who receive «yet another username and pass-
word». The situation was particularly tricky as the two campuses of USI (Lugano 
and Mendrisio) and the 3 departments of SUPSI all had different authentication 
systems. The analysis revealed that the only information present at all sites was 
the e-mail account: the issue was therefore solved by creating a small module that 
allowed the authentication in Moodle through the e-mail account, thus achieving 
two important goals: (1) users can use the same password for this new service; (2) 
the list of users is automatically kept up to date with the e-mail service, so that user 
creation and deletion is fully integrated in the administration and IT practices.

A second important integration — currently implemented only at USI — con-
cerned the creation of an automatic connection between three resources related to 
a course: (1) the USI website’s page about the course, with general course informa-
tion and a link to the instructor’s home page; (2) the library’s course page, listing 
the readings for that course along with information about how to retrieve them 
from the library; (3) the Moodle online course space. The issue is important as it 
aims at offering decentralized yet connected information to students, making it 
easier to access each resource from any of the others. This was simply solved by 
coding a new Moodle block connected with a database keeping track of course 
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codes. The same connections were added to the library’s and the university’s web-
sites, that share the database with Moodle.

3.2 Customization
Customizations are modifi cations to the application that adapt it to the prefer-

ences and practices of the users. Moodle was introduced at USI and SUPSI as a 
platform called e-Courses (http://corsi.elearninglab.org), with an own logo and 
look-and feel. In December 2005 e-Courses had more than 3200 users and hosted 
about 550 courses for 4 USI faculties/schools, 4 SUPSI units (3 departments and 
the language service), and a number of projects (see Figure 1). This posed some 
issues in the visualization of the homepage, as the category list grew large. A dedi-
cated project is currently under development (to be proposed as a new Moodle 
feature) to develop a new homepage visualization.

3.3 Enhancements
Enhancements are modifi cations to the application that introduce new features. 

The participation of the Institute of Communication Technologies (Faculty of 

Figure 1 The actual homepage of e-Courses.
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Communication Sciences) and of the NewMinE Lab in the Edukalibre EU-funded 
project provided an opportunity to develop new modules for Moodle and to get 
in touch with its community. 

We mention here GISMO (Graphical Interactive Student MOnitoring tool), 
a module that generates relevant visualizations of student tracking data logged by 
Moodle (Mazza & Milani 2004, 2005). These visualizations are useful to get a 
synthetic overview of online activities, and proved effective especially for tracking 
completely online modules (see Figure 2).

Figure 2 A GISMO pop-up with an overview of students’ login in a course hosted on e-Courses.

4. Communicating the innovation and evaluating its impact
4.1 Promotion and communication of e-Courses

Once the platform had been installed and tailored according to both institu-
tions’ needs, the problem was to communicate and promote it within the com-
munity of its future users, namely professors, teachers and students. As a matter 
of fact, innovations do not automatically spread in the contexts where they are 
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supposed to be adopted, but need to be adequately promoted and communicated 
(Rogers 1995): eLearning makes no exception (Lepori, Cantoni & Succi 2003). 
It must be also considered that at USI and SUPSI teachers do not have economic 
incentives to integrate technologies into their courses, with a partial exception for 
a short program held at SUPSI. In order to facilitate the adoption process of the 
platform in the involved universities, two main activities were undertaken: (1) all 
the online courses available on WebCT were automatically migrated to e-Courses 
and, upon request of the respective teachers, the digital learning material that 
was previously stored in the universities’ intranet shared folders was moved to 
e-Courses; (2) a series of workshops on the use of Moodle, both from a technical 
point of view and from an educational one, was offered to all teachers and teach-
ing assistants of USI and SUPSI. In addition, an online module about the basic 
features of Moodle was developed and put at the e-Courses users’ disposal. Finally, 
one-to-one assistance with ad hoc modules was offered for teachers who could not 
take part in the workshops and requested it. 

4.2 The evaluation of the use of e-Courses
In February 2005 a survey was conducted through an online questionnaire in 

order to evaluate the satisfaction of e-Courses users, especially devoted to faculty 
members. 57 faculty members (out of a total of 140: 40.7%) fi lled-in the ques-
tionnaire. The main results of the evaluation phase are here reported, divided into 
three main sections.

Use. The participants’ answers show that e-Courses has been mainly used as 
a tool for distributing and sharing learning materials (slides, papers, handbooks, 
and so on; 87.7% of respondents used this functionality). Among the other tools 
offered by Moodle, only the communication forum and the online submission 
have been widely used (respectively, by 44% and 31.6% of respondents). Other 
available functionalities, such as quizzes, chat and journals, have been used only 
by a small number of innovators in each faculty or department. 

Satisfaction. 94.3% of respondents are satisfi ed with e-Courses. Users appreci-
ated in particular the possibility of communicating with students also out of the 
class lessons, the ease of managing digital material and the possibility of making 
it available to every student at any time. 

Impact. 44% of respondents noticed positive changes in their courses after the 
adoption of e-Courses; the remaining 56% did not notice any relevant change. 
Furthermore, in the perception of the teachers who answered the questionnaire 
e-Courses had a positive impact on students: 60% of respondents think that 
students had a positive reaction to the introduction of the platform, and 51% of 
them claim that students had no diffi culties in using e-Courses. 
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On the basis of these good results, e-Courses has also been offered to other 
educational institutions in Switzerland and is currently used by some of them.

5. Conclusion
In this article the choice and implementation of the Moodle OS LMS by eLab 

has been presented and discussed. In particular, the issues of its maintenance and 
acceptance by faculty members, as well as a fi rst evaluation activity have been 
addressed. 

Many other projects are under development, both in the area of further cus-
tomization and enhancement and in the area of a better integration in teaching 
and learning: their implementation and the ordinary running of e-Courses will 
provide a larger basis for assessment and evaluation.

Acknowledgements
We wish to thank here Riccardo Mazza and Christian Milani for their work on the 

Moodle platform. 

BIBLIOGRAPHY

Botturi L. (2004). Functional Assessment of some Open Source LMS. eLab report (November 
2004).

Lepori B., Cantoni L. & Succi C. (2003). The introduction of eLearning in European 
universities: models and strategies. In: Kerres M., Voss B. (eds), GMW03, Duisburg, 
Germany.

Mazza R. & Milani C. (2004). GISMO: a Graphical Interactive Student Monitoring Tool 
for Course Management Systems. Proceedings of the International Conference: T.E.L.’04 
Technology Enhanced Learning ‘04. Milan, 18-19 November 2004.

Mazza R. & Milani C. (2005). Exploring Usage Analysis in Learning Systems: Gaining 
Insights from Visualisations. Proceedings of the Conference: AIED05 – International 
Conference on Artifi cial Intelligence in Education. Amsterdam, 18-22 July 2005.

Rogers E.M. (1995). Diffusion of innovations. 5th edn, New York, The Free Press.



Andrea Valentea and Emanuela Marchettib

aDept. of Computer Science AUE – Aalborg University in Esbjerg; 
bCenter for Medieval Studies – University of Southern Denmark 
(Dk)

av@cs.aue.auc.dk; e.manum@gmail.com

Abstract
As part of the Blasq project, we are developing a set of linguistic games 
to be used in kindergartens. The fi rst of these games is Crazipes, that we 
are currently testing in a Danish kindergarten, with the support of the local 
teachers. Here we discuss the architecture of the game, its potentials as 
a linguistic e-learning tool, together with the design and methodology 
adopted for the study. Some early results are also discussed.

A kindergarten experiment 
in linguistic e-learning

Journal of e-Learning 
and Knowledge Society — Vol. 2, n. 1, marzo 2006  (pp. 131-142)

Edizioni Erickson – Trento
www.erickson.it Je-LKS



Je-LKS

132

— Vol. 2, n. 1, marzo 2006

1. Introduction
E-learning is becoming an important technology in the fi eld of computer-as-

sisted education, and the focus of many studies in that area is university or high-
school. However within the community there is a growing interest in adapting 
e-learning to primary school subjects. 

One of the biggest challenges for this scaling down is that many educators 
oppose to the idea of exposing children too much and too early to computers 
or to engage them in long solitary, indoor activities. And these fears can be even 
stronger when targeting kindergartens.

E-learning has also been applied to linguistics, again for older students, with 
some degree of success (Chang and Schallert 2005). We believe, together with 
Tokuhama and Espinosa (2001), that there can be a great benefi t in adopting 
linguistic e-learning tools with kindergarten children: in fact early exposition to 
different languages seems to be crucial for language learning.

Our aim is then to develop a new multi-language learning system, consisting of 
many interconnected play-and-learn games, capable of running on various devices 
and also to be played with more classic, passive toys.

In this paper we present the fi rst of these tools, Crazipes, and describe the 
approach we are following to conduct a fi eld experiment in a kindergarten close 
to our department.

2. Crazy recipes
Crazipes, short for crazy recipes, is a multi-modal1 game based on pictorial tran-

slation, computer graphics and animation, voice interfaces, and then tangibles, such 
as toys made of paper, so that kids can play both with and without a computer. 
Crazipes is also part of a larger project named Blasq (read it «bla square» or «bla-
bla»), whose aim is to create a multi-lingual environment, a virtual place where 
children are challenged to engage in different games, partially based on passive 
paper-tangibles and partially media-enhanced. We address children, between 3 to 
5 years old, to exploit the known natural tendencies of preschooler kids to familia-
rize with languages (Tokuhama and Espinosa 2001), in this way we hope that our 
tool also help them while challenging diffi cult tasks, such as learning to read and 
write. Interaction and animation are the core tools we are using to make elements 
and structure of various languages visible, at the same time making our game more 
attractive to children, and so providing an enjoyable and fun playing experience.

Several disciplines are involved in the design and implementation of Crazipes: 
linguistic, pedagogy, cognitive science, and anthropology from a humanistic point 

1 In the sense advocated by Papert [Papert].
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of view. And from the technical point of view: human computer interaction and 
software engineering, Java programming and 2D graphics, and fi nally animation, 
for the artistic aspects of the project.

The Crazipes prototype is developed in Java and it comprises two interde-
pendent packages: the fi rst modelling the recipes, their ingredients and all the 
linguistic aspects of the application and the other related to the defi nition and 
deployment of a kindergarten-level, multi-modal user interface.

2.1 The recipe domain
The central classes of the recipe package are Recipe and Language, both ab-

stract (see fi gure 1). They fi x a contract for their respective subclasses: a Recipe 
object represent the description of a single recipe, together with its ingredients 
and preparation steps. Given an instance of class Language, a Recipe object can 
generate a text (a string) with its own human-readable description, expressed in 
that specifi c language. So, in our idea recipes act as data, while languages provide 
rendering contexts.

Figure 1 Architecture of the recipe package.

The Language class provides the core linguistic constructs, a kind of cooking 
jargon API that can be used when defi ning recipes.2 For example we have actions 
like: doWork, doWarm and doPourInto. 

Subclasses of Recipe, like Pancake or Plum cake, implement concrete recipes 
and they could be turned into singletons in later versions of the package: in fact 
with the present architecture, all instances of class Pancake end up representing 
multiple, immutable copies of the same recipe.

2 The 2 recipes have been adapter from [FDU] and [FCB].

«abstract»
Recipe

MeasureUnit Ingredient «abstract»
Language

Pancake Plumcake Italian English Danish
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On the other hand, subclasses of Language implement concrete languages; each 
of them contains a dictionary, providing a mapping from the abstract cooking API 
to readable sentences.

As an example, the Plum cake class defi nes its preparation-phase more or less 
like this (on the left):

l.doWarm( BUTTER );
l.doWork();
l.doAddTo( SUGAR , BUTTER );
l.doMix();
l.doAddTo( EGG );
l.doMix();
l.doAddTo( FLOUR , JAM );
l.doMix();
l.doPourInto( MOULD );
l.doCookWithTempForUntil(OVEN ,”180”,”30”, 
GOLDEN )

warm butter,
work it,
add sugar to butter,
mix,
add egg,
mix ,
add fl our to jam,
mix ,
pour it into mould,
cook it with oven at 180 degrees 
for 30 minutes until golden

where the variable l represents a reference to the specifi c language (here it 
is English), in which the pancake recipe is rendered. On the right column, the 
English rendering of the recipe is visible. Here the rendering is very crude, but 
in later version we will improve the English class (as well as the other languages), 
so that cook _something_ with oven could be translated more properly as bake 
_something_.

Moreover, in many languages concordances are important,3 so future versions 
of Crazipes should be able to handle them as well.

One of the main advantages of this simple architecture is its fl exibility: recipes 
and languages are fairly decoupled, so whenever a new language is added, all the 
previous recipes can be rendered in it without modifi cations. This is due to the 
fact that we do not need to translate the same recipe from any language to any 
other, but instead we fi rst rewrite the recipe using a formal set of terms (ingredients 
and the cooking API); then we translate/render that formalized structure4 directly 
into each one of the different languages available in the system, thus reducing the 
complexity of this mapping from n2 to linear. In this way each new language class 
is in itself quite simple to write, because it needs only a simple dictionary from 
cooking commands and ingredients to natural-language words.

Note also that the recipe-rendering metaphor central to our architecture can 
easily scale beyond textual descriptions, to provide voice and animation rende-
rings.

3 For example in Italian adjectives can be singular or plural and masculine or feminine, depending 
on the word they refer to.

4 Many domains can be formalized in similar ways, as for example in [Propp], where folk-tales 
structures are analyzed.
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2.2 Kindergarten-friendly user interface
The main concern for us, while developing the graphical user interface for 

Crazipes, was that our users are children 3 to 5. This means they cannot read even 
in their native language, so we decided to couple text with icons and speech (as in 
the simple GUI of the painter program Tux Paint, by Bill Kendrick and others). 
To solve this problem we created a talking button, that can be clicked to perform 
an action, like a normal GUI button, but that will also show a textual hint of what 
the button represents, and at the same time, reads the hint aloud. Figure 2 shows 
what happens when the mouse cursor stands for more than a few milliseconds on 
top of the button representing camel milk, in our program: a hint appears and a 
wave fi le containing the words «camel milk» in English is played. 

Figure 2 Talking Button.

We decided to use pre-recorded wave fi les, instead of generating speech in 
real-time, mostly because it is very diffi cult to fi nd a speech synthesis library that 
can cope with multiple natural languages. However we think that having such 
a library would greatly simplify the work needed to incorporate new languages 
into our game (as well as reduce the size of the application), and it would also be 
interesting to see the reaction of 3 to 5 year-olds to synthetic voices. 

In the current version of Crazipes, the UI works in three languages: Italian, 
English, and Danish; the players fi nd our talking buttons almost everywhere in 
the GUI, from the initial login dialog (see fi gure 3a), to the game itself (see fi gure 
3 b and c).

Logging in without writing or reading can be a problem in itself: we need chi-
ldren to log-in in order to keep the data about each game session separated, but 
they cannot write a password or read instructions about how to create an account 
in the game. Again our solution was to use visual information, so after asking 
permission to the parents, we took pictures of all children in the kindergarten. In 
this way a preschooler can log-in simply by clicking on his or her face. Although 
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this is not as secure as a standard login system with passwords, we believe it is a 
reasonable approximation. Each picture in the login dialog is implemented as a 
talking button, with the voice of one of the teachers reading the names aloud (see 
fi gure 3a, where pictures have been blurred to ensure the privacy of the kids); as 
a matter of fact, hearing the names of their classmates seems to be quite funny, 
at least for some of the children, so they used some time to carefully inspect the 
login dialog, before entering the game.

Once passed the login stage, the player enters the game, and she will be asked 
to select 4 ingredients from 12 available, 4 in each of the 3 languages: the fi nal 
result will in any case be a pancake.

An important principle in a multilingual environment is to be consistent in 
identifi cation, so we assigned each language to a particular color and a national 
fl ag (fi gure 3, frame b and c). Ingredients are arranged into 3 rows, one for each 
language, and into columns, indicating the kind of ingredient: as for example the 
ingredient milk, can be associated with cow milk, camel milk or sheep milk.

Figure 3 Crazipes walkthru.

Only when all 4 ingredients have been selected, the player can see her recipe, or 
she can change her selection. Once done, she can press the smiling-sun button and 
get a description of her personal (and usually a little crazy) version of the recipe. 
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Recipes in Crazipes are a mixture of reality and fantasy: they are realistic since 
the recipe does exist, and the instructions can be used to reproduce it, but the 
ingredients involved can be quite absurd, as camel milk or penguin egg.

Ingredients and preparation of the recipe are all represented by hand made 
drawings; the different phases of preparation are divided into lines by a color 
gradient, to suggest that the visual recipe should be read from the top-left.

While the player is looking at the fi nal recipe, she can also collect some paper 
icons (that we provide together with the PC and the game), and a printed copy 
of the template of the recipe: using these tangibles she will be able color and glue 
together her visual instructions for the pancakes and later to cook her pancakes at 
home, or pretend play about cooking with her friends.

At this stage of development the fi nal rendering of a recipe is quite static and 
probably not so interesting for children, so we decided to add a few special effects to 
make the game more attractive. For example, an animation appears on the screen 
after having clicked twice (or more times) the same ingredient, or after clicking a 
specifi c pattern of buttons. This is actually quite a standard trick, used in many 
games to encourage players to explore the game more in depth. In Crazipes there 
are 3 animations, hidden in the system and to be discovered by the kids, they 
include: the face of a cow that will pop-up and cover all of the screen, then moo 
in three different ways, a penguin that blows and freezes the screen (see fi gure 4), 
and a strong vibration, like an earthquake, that breaks the screen. Before each one 
of these distractions, the game blocks and the user has to wait for the animation 
to stop, in order to fi nish her recipe. 

2.3 Distribution and deployment
As all tools in the BlaSq project, the current version of Crazipes is freely available 

at the BlaSq website: http://cs.aue.aau.dk/~av/BlaSq/crazipes-demo.zip, distributed 

Figure 4 The penguin animation: rising (on the left) and ice-blowing.
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under GNU GPL. Later this year, using the feedback from the early experiments, 
we will improve the game and provide it with a free editor, so that other researchers 
or institutions can download, customize and deploy their version of Crazipes.

In line with the main ideas behind e-learning, we are also discussing a deve-
lopment for the Crazipes game so to enable children to design their own recipes, 
in a mix of human languages, then exchange them via internet; since in our tool 
ingredients and instructions always have a visual representation (and can be acou-
stically rendered in one or more languages at the same time) recipes created in this 
way will be pretty simple to read even for children speaking different languages 
or too young to be able to read. These recipes will also be easy to share between 
kindergartens in different countries, possibly by means of on-line repositories 
(see Najjar et al., 2003, and more in general http://en.wikipedia.org/wiki/Lear-
ning_object and http://ltsc.ieee.org/wg12 ). In this scenario, teachers should be 
in charge of the administration of such repositories.

As for the current kindergarten experimentation, new versions of the game will 
be realized and deployed all year long, in order to test the children’s interest and 
performances, especially from the linguistic point of view. 

In its current implementation, our game runs constantly, in kiosk-mode, on a 
stand alone-machine, and is accessible (locally) at any moment. But we discovered 
very soon in our experimentation, that children do not always close the program 
properly when done: some of them simply leave the session going. For this we 
had to implement a time-out function that closes the game and restarts the login 
dialog, if no event is generated for more than 10 minutes.

3. An experiment in a Danish kindergarten
Our experiment is designed on the basis of linguistic and psychological lin-

guistic studies with children, but since we do not have a strong experience in 
pedagogy and psychology we are going to use any possible help and information 
from the teachers, who (at least in our case) are pedagogues, and appear to have a 
solid, practical experience and knowledge of their children.

The goal of our research is to verify if a videogame, involving words in multiple 
foreign languages, can interest preschool children and make them curious about 
other languages, remember the words used in the game so to prepare the deve-
lopment of a meta-linguistic conscience. We are also interested in what kind of 
interaction can emerge between them during a game session (will they play alone 
or cooperating with others?), if gender or age differences are visible or affect their 
interest in language(s). In this fi rst experimentation our program will be tested 
with about forty children that, following teachers’ suggestion, are around fi ve years 
old. All of them have already practical experience with PCs and videogames, as 
there is also a PC in the kindergarten with same old games. They are all native 
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Danish speakers, except two brothers from an English-Danish mixed family and 
one native Arabic speaker, who can understand Danish even if he still was shy 
when answering back.

A PC with our program will be left at the kindergarten, running in a sort of 
kiosk-mode, so that kids could use it any time they want, also without supervision. 
Then we will work on two kinds of different data. First we have data collected by 
the program itself during its usage by kids, their action are in fact automatically 
registered in a simple CSV-format fi le (compatible with both Excel and OpenOf-
fi ce spreadsheets). Each line of fi le records a game session: initial date and time 
of the session, name and age of the player, every step and choice made, the fi nal 
combination of ingredients, and the duration of the session, expressed in seconds. 
These data are collected without any effort from our part, and can be structured 
in diagrams, showing behavioral patterns during game sessions. 

It will be later possible to group player behaviors with respect to their age 
and/or gender, see if clusters of similar behaviors emerge. We are also interested 
in performing a longitudinal evaluation of the data representing the same player 
in time: we could see for example if the session becomes shorter after the fi rst 
times (i.e. the player grows faster in the use of the visual interface) or if there is a 
tendency to experiment more before deciding, thus resulting in slower sessions.

Finally we will collect data by direct observation, paying regular visits to the 
kindergarten, around twice a week, and we will keep a diary, following an ethno-
graphic method often adopted in this kind of research (Unsworth 2000). At the 
beginning, we will instruct the children about how to use the program, then we 
will observe them; we wish they get used to our presence so that they will behave 
in a natural way, therefore we will not go there every day, to not disturb too much 
their regular activities. We can always ask the teachers to provide us with informa-
tion about children’s behavior during our absence. 

In this fi rst part of the experiment we will leave the computer at the kindergar-
ten for one month (September 2005). The version of Crazipes will be a prototype 
and we intend to improve it following the feedback from children and teachers. 
New versions will be gradually realized and brought to the kindergarten during 
the school year 2005-2006; in this period our strategy will be the same outlined 
above: go there circa twice a week and register relevant data both automatically 
on the PC and manually on a diary. 

It was not easy for us to design this experiment, because there is not a unifi ed 
methodology in linguistic studies (Bennet-Kastor 1988). The use of audio-video 
registrations became usual since the seventies and the eighties, but it will probably 
create us even more problems, for example a recording apparatus can be expensive, 
require maintenance, and its presence could bother teachers and children. 

We know that while keeping a diary it is diffi cult to select what to write, and 
notes can be infl uenced by expectations (as explained in Bennet-Kastor 1988 and 
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Unsworth 2000), therefore we will base our analysis also on the data collected 
automatically by the program and most of all on the information provided by 
the teachers.

For what we can see, in Danish society, multi-lingual skills are regarded as very im-
portant, and the vast majority of people can use more than one language, apart from 
Danish, in everyday life (e.g. reading texts and watching television); the openness to 
foreign languages is also supported by the traditional mass-media, in fact television 
programs and movies are subtitled in Danish, not dubbed. However, in kindergarten 
the main concern is to make children able to use Danish, especially if their families 
came from abroad; children usually start learning other languages only from primary 
school and cartoons or kids movies are usually translated into Danish. 

In such a rich linguistic environment, we found that both the kindergarten 
personnel and families are reacting enthusiastically to our initiative to test these 
prototypes with their children. As long as privacy is concerned, we discussed the 
issue with the teachers, who asked for families’ permission, before we started the 
experiment.

3.1 Early observations
Our experiment has just begun, but we have already some interesting informa-

tion about children behavior and so elements to improve our program. 
First of all we have to say that boys were more confi dent in using a PC and 

willing to try the game by themselves. Girls instead were quite shy and did not 
show much interest about the game, we had to ask teacher’s help to call them to 
try it, and then some of them had problems with the mouse.

Children, especially boys, had a cooperative way of playing, they gave each 
other suggestions about how to structure the recipe and how to make a particular 
animation appear. We have already seen this kind of behavior the fi rst time we 
entered the kindergarten, one boy was playing with a videogame and other two 
were participating giving him advices. 

For what we could see until now, they do not really seem to realize the absurdity 
of ingredients like penguin eggs, that was supposed to be the funny part, but they 
like to see animals and hear voices from the program. They liked the animations 
too, once they discovered one they tried to make it appear again and again, sugge-
sting the others to choose the magic button, but it seems that none of the kids, until 
now, found the earthquake effect, that requires a complex sequence of actions.

In general, their reaction to tangibles is more uniform: both boys and girls got 
the idea about taking the printed tangibles home, and they asked for more copies, 
at some point or another of the experimentation.

Unfortunately, kids do not see a goal in the game and they do not seem real-
ly interested in the presence of foreign words. However, we could see that two 
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brothers, native Danish and English speakers, liked to mix English and Danish 
ingredients and they repeated the words aloud: they probably like the feeling that 
words in both languages sound familiar to them.

So even now, a few weeks into the fi rst run of the experiment, we can appreciate 
some trends in children’s behavior: they play together, there is no interest in lin-
guistic but in colors and animations, they seem not to have realized the peculiarity 
of the absurd ingredients involved.

This probably means that the game needs to have a clearer purpose: a goal 
to reach or some kind of puzzle to solve, and anyway it should be more strongly 
connected to the linguistic aspects.

4. Conclusions and future works
In this paper we discussed the design and early results of a linguistic experi-

ment that we are starting in a Danish kindergarten. Using a program with playful 
interface, we are attempting to let children explore many languages at the same 
time, and our working hypothesis is that a system like that should not be uniquely 
based on computer and active media, but the playing experience should continue 
in the real world (i.e. in the playground, at the kindergarten or at home).

However, the right mix of passive paper-tangibles and media-enhanced conten-
ts is quite diffi cult to realize, therefore we are analyzing data about the behavioral 
patterns of children playing our game, and we will have to confront our fi ndings 
with the teacher’s experience.

Some aspects of the game are interesting for the children (like the fact that the 
PC speaks, and the pop-up animations), but other seem to go unnoticed (e.g. the 
presence of different languages in the same user interface). 

We are aware that there is plenty to improve in our game, and especially we 
need to provide a more precise goal for the children to feel challenged. In future 
versions we would like to have a kind of crescendo: the fi nal part of the game should 
animate the recipe step-by-step, in a funny and loud way, naming ingredients in 
the different languages, so that children can later in-act their own recipes using 
the given paper tangibles.

As soon as the prototypes reach a reasonable stage of development, we will put 
them online, for others to use and test, and we hope in this way to collect data 
about patterns of behavior in different countries.
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