A M ixed Initiative for Teac hing and Lear ning HTM L in I ntellige nt T utoring

Systems

Esma Aïmeu r, Sarita Bassil

Computer Science Department - Universityof Montreal

C.P. 6128, Succ . Centre-ville

Montreal, Quebec Canada H3C 3J7

{ aimeur, bassil}@iro.umontreal.ca

Abstract Our goal with respect to a student learning process is threefold: we want him to learn from hismistakes, we want him to learn from others’ mistakes, and we do not want him torepeat his own mistakes.

For this purpose, a learning strategycalled Double Test Learning (DTL) involving three agents, two simulated pedagogical agents (the tutor and the classmate) and one real agent (the learner ), waselaborated recently. The DTL strategyhasbeen implemented in an intelligent tutoring system called HITS designed toteach HTML.

In our implementation of the DTL strategy, the classmate receives the same training asthe learner and both have the same level of knowledge. Once thetraining is completed, thetutor will then test theclassmate (Post-Test 1) .

When the classmate finishes the Post-Test 1, a Revision phase isgranted to thelearner, where he can viewthe notes he took on hisagenda during Post-Test 1. The tutor then turns to the human learner and Post-Test 2 isstarted.

During this phase, the learner onlyhas access to hismemoryand theknowledge that he recentlyacquired through the classmate’sanswers. The most important point to emphasize is that the learner benefits from the classmate’s mistakes.

Key words : Intelligent tutoring systems, pedagogical agents, learning strategy, double test learning.

A M ixed Initiative for Teac hing and Lear ning HTM L in I ntellige nt T utoring

Systems

Esma Aïmeu r, Sarita Bassil

Computer Science Department - Universityof Montreal

C.P. 6128, Succ . Centre-ville

Montreal, Quebec Canada H3C 3J7

{ aimeur, bassil}@iro.umontreal.ca

1. Introduction

Intelligent agentshave ushered in a sense of renewed vigor and activityin artificial intelligence research over the last couple of years ( Bradshaw, 1997). Agents are being applied to manyareas, from Internet assistants to entertainment, even being found in domains such as Virtual Reality( Rickel & Johnson, 1997). In this paper, we are interested in pedagogical agents ( Frasson et al , 1997), (Lester et al , 1997), who are also intelligent agents dealing with learning environments and especiallywith Intelligent Tutoring Systems (ITS).

In their earlystages, ITSwere conceived in order to reproduce a tutor´s intelligent behavior, who could adapt his rhythm to that of the learner´s. Tutorial strategies, like One-On-One, using classical tutoring, were devel oped in the

ITS domain and could be classified as`traditional´. Otherwise, recent ITS´s take into consideration the cooperative approach between the learner and the system byusing the co-learner concept. In fact, theidea of introducing a co-learner in the learning process arose with the perception that knowledge should result more from a building process rather than from a transmission process (Gilmore & Self, 1988). In this scope, the learner could co-operate with a co-learner having quite similar objectives and level of knowledge. A learner isinclined to better understand explanationsgiven bya co-learner, who has understood and knows what to do rather than those given bythe teacher.

Chan proposed to add to the picture a companion (Chan & Baskin, 1990) with whom the learner can co-operate to solve problems assigned bythe tutor. Since then, a large number of strategies have evolved to include an agent, co-learner, which had the same role as Chan’scompanion. Among these is an inverted model of ITS called

"learning byteaching" in which the learner could teach thelearning companion bygiving explanations to justify his answers ( Palthepu et al , 1991; Vanlehn et al , 1994).

Despite the fact that these learning environments are verybeneficial for thehuman learner, these strategies fail to demonstrate that the learner can also benefit from the co-learner’s mistakes. The Double Test Learning strategy

(DTL) isbased on five phases : Pre-Test, Training, Post-Test 1, Revision and finallyPost-Test 2. Early implementations of this strategy(RACSY ( Aïmeur & Fahmi, 1998), an ITS aimed at teaching racquet sport rules ), didn´t take into consideration the Revision phase. In this paper, we propose a newimplementation (HITS) that allowthe learner to benefit from a certain period of time (Revision phase). We are going to demonstrate that this newl yadded phase will help the learnersreinforce their knowledge and therefore improve their performance in the next phase (Post-Test 2).

DTL is aimed at making the learner learn from his classmate’smistakes. In short, the common proverb " Let yesterday’serror be your teacher today " becomes " Let your classmate´s error be yourtutor ".

In this article we introduce a newl ydeveloped learning strategy, the Double Test Learning (DTL). The strategy’s description and theoretical foundationsare given in the next section. In section 3, we discuss themanyaspects of the system HITS, such as the application domain, the agents’ properties, and theinteraction protocols. Preceding the conclusion, the fourth and the fifth sections present respectivel yan exampleof a learning session and the interpretation of the obtained results.

2. The Double Test Learning strategy

In thefollowing section we will give a description of theDTL strategy, and we will also discuss itstheoretical foundations.

2.1. Description

A typical learning session using DTL (Figure 1) beginswith a Pre-Test phase in which an initial learner model is created. It containstheidentification of thelearner, the Pre-Test score and thetrace of his answers. The second phase isa training session that both the classmate and the learner will perform. In thethird phase, the tutor tests the classmate ( Post-Test 1 ). The human learner will find himself in theposition of an " active observer " where hewill followthequestion/answer session between the tutor and the classmate. The learner also hasaccess to an agenda where he can write down anyobservations (e.g. tutor’squestions, classmate’s answers and reactions). Whenever the classmate solves a problem, his answer isevaluated bythe tutor. If his answer isfalse and that of the learner is correct, the latter must justifyand explain his answer to theclassmate. When the classmate finishes the Post-Test 1, a Revision phase is accorded to the learner. Arestrained time is defined byevaluating thelearner´s performance in both Post-Test 1 and Pre-Test (actually, by evaluting the difference). The tutor then turns to the human learner and

Post-Test 2 isstarted. In this phase, the learner onlyhasaccess to his memoryand the knowledge that he recently acquired through the classmates´ answers and the Revision phase. Finally hisanswers are evaluated bythetutor.

2.2. Theoretical foundations

The DTL strategyis mainlybased on the social learning theoryof Bandura (1971) which emphasises the importance of observing and modeling thebehaviors, attitudes, and emotional reactionsof others. Bandura states:

"Learning would be exceedinglylaborious, not to mention hazardous, if people had to relysolel yon the effects of their own actionsto inform them what to do. Fortunately, most human behavior is learned through modeling: by observing others, one forms an idea of hownewbehaviors are performed, and on later occasions thiscoded information serves as a guide for action".

3. The HITS System

We first present the agents, bydetailing their properties. Then we present theinteraction protocols.

3.1. The pedagogical agents

Our agents possess some properties such as reactivity, autonomy, adaptabilityand co-operation. We will now explain howthese properties arerepresented in HITS.

Pre-Test

Training

Post-Test 1

Post-Test 2

Revision

Figure 1: The five phases in the DTL

Reactivity

During the Pre-Test whenever the learner replies to the tutor’squestions, the latter simplyreactsbyasking another question. In Post-Test 1, when the classmate answers incorrectly, he automaticallyasks the learner’s help without attempting to understand his mistake. It is thesamefor the tutor who gives the right answer and the explanation when both learner and classmate answer incorrectlyduring Post-Test 1.

Autonomy

The simulated agents(tutor and classmate) areautonomous in the sense that theycan carryout activities in a flexible and intelligent manner that is responsive to changes in thelearning environment, without requiring human intervention. For example the tutor and the classmate adapt their explanationsto theknowledge level of the learner (see 3.2.3). Moreover, in Post-Test 1, when both learnersare submitted a question, the classmate can give a wrong answer in order to force thelearner toreact. Thequestions for which the classmate does thiswill be referred to as dissonance questions.

Adaptability

The classmate learnshowto assist thelearner byobserving and following hisbehavior in Post-Test 1. In fact, the classmate will have the same knowledge level as the learner bymaintaining a balance between the number of their correct answers and explanations. At each question, the classmate will adapt hisanswer or the level of the explanations according to the answer or the explanation given bythe learner to the previous question.

Co-operation

Since theclassmate is aware that heis not going to take advantage of the tutor´s answers and explanations in order to improve his score in Post-Test 1, heaccepts that the learner participate in thisphase, knowing that he will take advantage of it during Post-Test 2.

3.2. Interaction protocols

The purpose of thissection is to discuss the underlying protocols, which illustrate thecooperation between three agents in all phases except revision phase.

3.2.1. Pre-Test

Upon theentryof the learner into HITS, he isgiven a brief description of what is to follow. He is informed of all the different sessions (Pre-Test, training, etc ...) and he is also told about his classmate Bart. Once this isdone the

Pre-Test begins. The tutor asks thelearner a series of questions, which he must answer. These answers are evaluated bythe tutor but no explanation of thecorrect answer is given should the learner be mistaken. Both the system and the tutor knowthelearner’sscore for this phase. Once all thequestionsare answered the tutor informs his student that the training session will follow.

3.2.2. Training

During the training the tutor will present a series of problems which areimmediatelyfollowed by their solutions and explanations. Here, thelearner and theclassmate simplyfollow what thetutor teaches.

3.2.3. Post-Test 1

With the training session completed, thelearner chooses to take notes while the tutor istesting Bart theclassmate.

In fact during this time, the learner has in his possession an agenda in which hemaywriteanything hethinks might helphim answer the questions correctly.

No interaction takes place between the two learners until both have answered the questions. However, Bart’s answers as well as his score are available to thelearner. The learner will undoubtedl ytake into consideration his classmate’s answer before giving hisown answer. Once both answers are submitted, the tutor then gives the students thecorrect one. Onlythe classmate´s answer is evaluated bythe tutor. If his answer is correct his score is increased. In the case where Bart is mistaken and thelearner is correct, Bart will ask the learner for some explanations. The latter provides an explanation, reinforcing his own knowledge. As well, if the learner isincorrect and Bart gives the right answer, the latter will explain it to the learner. In all cases, a set of multiple choice explanations graduallydefined (onebad and 3 ranging as follows: good, ver ygood and excellent), are used byBart and the learner (see Figure 4). Whenever the excellent explanation is not found, it is thetutor who gives the best one. In thelearner’scase, it isthe system that keeps track of his score, but the tutor has access to the learner’s answers. His score is increased whenever he answers correctly; however, this point islost if the explanation given is inadequate. When both learnersanswer incorrectlythe tutor will provide them with an explanation of the correct solution. Thedetailsof the tutor’s explanations depend on the learner’s knowledge level. In this stage the tutor knows onlythe score of the classmate.

3.2.4. Revision

Taking notes in Post-Test 1 helps thelearner encode the knowledge, but revising his notes will enable him to consolidate hisencoded knowledge. For this a revision phase is accorded to the learner where he will fullybenefit from the notes taken in his agenda, allowing him to reviewthe errorscommitted in Post-Test 1 and for which the tutor gave theright answers and explanations. A restrained time for thisphase is defined byevaluating thelearner´s performance in both Post-Test 1 and Pre-Test (actually, byevaluatingthe difference).

3.2.5. Post-Test 2

At theend of Post-Test 1 theclassmate disappearsand the tutor will nowbegin Post-Test 2 where the human agent will be tested. The agenda isno longer available for consultation, and at no point will the tutor give anyanswers or explanations. At the end of thisquestion/answer session the whole process comes to an end.

3.3 Interpretation of the learner´s score

Using thelearner´sscores in the different phases we can calculate his final score.

S pre , S pt1 and S pt2 are respectivel ythe scores for the Pre-Test, Post-Test 1 and Post-Test 2 phases. We must mention that S pt1 isbiased bythe influence of the classmate´s answers.

B T is the performance of the learner for the training phase. It is equal to thedifference bet ween the score of Post-

Test 1 and that of the Pre-Test. B T = S pt1 - S pre

The performance of the learner for the Post-Test 2 phase iscalled B OM referring to thebenefit gained through observation and memorization. It corresponds to thedifference between both Post-Test scores.

B OM = S pt2 - S pt1

The final score attributed bythe system corresponds to the sum of the benefit gained during both Post-Test 1 and

Post-Test 2. S F = B T + B OM

4. Example of a learning session

HITS (HTML Intelligent Tutoring System) is a user friendlyprogram including five phases all based on multiple choice questions: Pre-Test, Training, Post-Test 1, Revision and Post-Test 2. We chose HTML as an example because it isan easyprogramming language and not complicated to understand. However, theDTL could be implemented for anyother subject.

HITS was written in Java v.1.1.6. One of the manygreat advantages of Java isitsportabilityto manyplatforms. In our case both Windows95 and Unix versions were used. Another advantage that Java possesses is that its libraries are verycomplete for making all the necessary art-work and design as well as bringing anydesired learning strategyto life.

Pre-Test, thefirst phase in HITS (Figure 2), is aimed to detect the user´s knowledge level. He has to answer 20 questions and depending on hisresult he isclassified in the following categories (Poor, Average and Good).

Figure 2: Pre-Test phase

Once Pre-Test is over, a Training session embarks. The tutor (Mr. Homer) presents35 questions, among which 10 are repeated from Pre-Test, with the corresponding answers and explanations (Figure 3).

Next is Post-Test 1 (Figure 4), whereBart, theclassmate, iseffectivel ybeing tested on 35 questionsincluding the

10 questions remaining from Pre-Test, 15 from Training among which 8 dissonance questions, newlyintroduced.

Dissonance questionsare questionsthat arecritical in HTML comprehension ( Aïmeur 1998). The Learner is also involved. A possible situation could be that Bart gives the wrong answer while the user is correct. Bart will, in this case, ask the Learner for some help in order to understand the solution (1). The Learner should choose the best explanation 1 . It isup to Mr. Homer to judge if the Learner gave the best explanation or to correct him (2).

1 Learning ByTeaching effect.

Figure 3: Training phase

1

2

Figure 4: Post-Test 1 phase

Depending on the user´sperformance in both Pre-Test and Post-Test1 a certain time is provided for the revision phase, where the user has access to the notes taken in his agenda during Post-Test 1. The revision time isdirectly related to the gap between Post-Test1 and Pre-Test scores. In fact, the revision time took bet ween 2 and 10 mn and was inverselyproportional to B T (see 3.3).

Finally, in Post-Test 2, where the user is supposed to answer 35 questions, 15 newl yintroduced (without any dissonance questions), the 8 dissonance questions, and the remaining questionsare repeated proportionallyfrom

Training and Post-Test 1 (Figure 5). Automaticallyafter this phase, Mr. Homer gives answers and explanations, to the missed questions. Finallytheresults of Pre-Test, Post-Test 1 and Post-Test 2 are displayed and Virtual Donuts are given to theLearner, based on his performance.

5. Interpretation of results

A group of 30 persons, professors and students from Universityof Montreal, were chosen randomlyto test the system and the resultscameas follows:

The Pre-Test allowed us to classifythe group in 3 categories. Persons with scores less then 50% were classified as having a poor HTML knowledge level. Those who scored bet ween 50% and 75% were classified ashaving an average HTML knowledge level while the ones who scored 75% and above were in the good category. The percentage of people per categoryis shown in Figure 6.

The subjects then went through the four remaining phases of HITS and theresults came as shown in Figure 7.

Analysis of the results shows that all three categories had an increase in the knowledge level.

Figure 5: Post-Test 2 phase

40%

33% 27%

Poor

Average

Good

Figure 6: Percentage of users per category

Figure 7: Categories performance in the three tests

(in percentage)

0

20

40

60

80

100

Poor A v erage Good

Pre-Tes t

Pos t-Tes t 1

Pos t-Tes t 2

It is interesting to note that thepercentage of increase in thescores bet ween Post-Test 1 and Post-Test 2 is higher than theone between Pre-Test and Post-Test 1 as shown in Figure 8. We also observe, that the total improvement is flagrant (more than 35%) for the poor category, while theone for theother categories is far less glaring (less than

10%).

Figure 9 illustrates howthe three groups did when it came to answering the dissonance questions correctly. In fact, in the three categories, we observe a certain advantage taken from the errorscommitted bythe classmate during

Post-Test 1. All thecategories seem to have improved their scores. This shows that the learners remembered what theypreviousl ysawin Post-Test 1 and Revision.

Note that 30 % of the newl yquestions introduced in Post-Test 1 and Post-Test 2 were correctlyanswered. In addition , 25 % and 40 % respectivel yfor Post-Test 1 and Post-Test 2 of thequestionsanswered incorrectlyin the

Pre-Test were answered correctlyin Post-tests.

6. Conclusion

We have described, in thispaper, pedagogical agents, in termsof properties and interactions within a learning environment. The DTL strategyhasbeen successfull yimplemented in HITS where the subject to be taught was

HTML. Its advantages are numerous: it improves the learner’s abilityto memorize, retrieve, and adapt the previousl yacquired knowledge; it also increases his attention, motivation, and self -confidence.

The DTL strategyis added to the list of existing strategies (Figure 10). In fact, it isthe intersection of multiple strategies. Theclassmate is like the companion introduced byChan (1990) and the troublemaker of Aïmeur and

Frasson (1996). Thisis due to thefact that he sometimes helps the learner bygiving the correct answer, but in other situations, heisforced to give incorrect answer to certain questions(dissonance questions). This ismeant to motivate thelearner to find the correct answers byhimself. So, the classmate plays a double role and also he allows the learner to benefit from the committed errors. We also observe the Learning byteaching effect in Post-Test 1.

In this paper, we have studied different aspects of the DTL strategy. We also introduced a system, HITS, based on it. After testing the system, statistical results were deduced showing the efficiencyof DTL. In addition, we have

Figure 8: Categories improvement (in percentage) Figure 9: Performance in the dissonance questions

(in percentage)

0

10

20

30

40

50

60

70

80

90

100

Poor Average Good

Post-Test1

Post-Test2

Advantage taken

Figure 10: Tutorial Strategies Evolution

Learning byteaching

Companion One-on-one

Co-learner

Learning bydisturbing Double test learning

Passive Learner Active Learner

0

5

10

15

20

25

30

35

40

P oor A verage G ood

Im p rov em entafter

Trainin g

Im p rov em entafter

P ost-Test1an dR ev isio n

TotalIm prove m ent experienced that users with poor knowledge level are the ones who took most advantage of the Revision phase. In fact, their improvement in Post-Test 2 was byfar better than theother categories. Aswell, we noticed that thelatter resultswere better than theones experienced in RACSY ( Aïmeur & Fahmi, 1998). This isdue to the revision phase. It is also important to note that users from other categories didn´t reallytake advantageof the Revision phase because theydidn´t take notes during the Post-Test 1. Thisisdue to the fact that theyperhaps have selfconfidence, which in our case didn´t pay, because of the huge gap in improvement between the categories.

For further research, we plan to compareour results with other ITS experiments aimed to teach HTML or anyother programming language.

Finally, we mention that DTL was presented in a psychological (social learning theory) and pedagogical (cooperative) wa y( Aïmeur & Fahmi, 1998). Thishelped prove that it is not onlybeneficial to profit from one´s errors but also from others.

References

Aïmeur, E . Application and Assessment of Cognitive Dissonance Theoryin The Learning Process, Journal of

Universal Computer Science , Vol. 4, No. 3, pp. 216-247, 1998.

Aïmeur , E., Fahmi , F. (1998). Pedagogical Agents in DTL : the Double Test Learning Strategy" Workshop on

Pedagogical Agents, ITS’98 Conference , Fourth International Conference on Intelligent Tutoring Systems , August,

Lecture Notes in Computer Sciences, no 1452, B.P. Goettl, H.M. Halff, C.L. Redfield, V.J. Shute Editors, Springer

Verlag, pp 14-19, San Antonio, Texas, 1998.

Aïmeur , E., Frasson , C. (1996). Analyzing a newlearning strategyaccording to different knowledge levels.

Computers and Education, An International Journal , 27 (2), pp. 115-127.

Bandura , A. (1971). Social Learning Theory. NewYork: General Learning Press.

Bradshaw , J.M. (1997). Software Agents. AAAI Press/ The MIT Press.

Chan, T.W., Baskin , A.B. (1990). Learning companion systems. Intelligent Tutoring Systems : At thecrossroads of Artificial Intelligence and Education. Edited by Frasson C. & Gauthier G. Chap 1. NewJersey: Ablex.

Frasson , C., Mengelle , T., Aïmeur , E. (1997). Using Pedagogical Agents In a Multistrategic Intelligent Tutoring

System. Workshop on Pedagogical agents in AI-ED97 , World Conference on Artificial Intelligence and

Education , Japan, pp. 40-47, August.

Gilmore, D., Self, J. (1988). The application of machine learning to intelligent tutoring systems. J. Self Ed.

Artificial Intelligence and Human Learning, Intelligent computer-assisted instruction, pp. 179-196. NewYork:

Chapman and Hall.

Lester, J., C. Converse, S., A. Stone, B., A. Kahler, E., S., Barlow, S., T. (1997). Animated Pedagogical Agents and Problem-Solving Effectiveness: A Large Scale Empirical Evaluation. AI-ED 97, World Conference on

Artificial Intelligence and Education , Japan, pp. 23-30, August.

Palthepu , S., Greer , J., McCalla , G. (1991). Learning byTeaching. The Proceedingsof the International

Conference on the Learning Sciences , AACE.

Rickel , J. & Johnson, W. L. (1997). Intelligent Tutoring in Virtual Reality: APreliminaryReport. AI-ED97,

World Conference on Artificial Intelligence and Education , Japan, pp. 294-301, August.

Van Lehn, K., Ohlsson, S. & Nason, R. (1994). Application of simulated students: an exploration. Journal of artificial intelligence in education , Vol. 5, no 2, pp.135-175.