Agen t-orien ted Supp ort En vironmen t in W eb-based Collab orativ e Learning 1 T omok o Ko jiri Nago y a Univ ersit y , Japan k o jiri@w atanab e.n uie.nago y a-u.ac.jp Y ushi Oga w a Nago y a Univ ersit y , Japan oga w au@w atanab e.n uie.nago y a-u.ac.jp T o y ohide W atanab e Nago y a Univ ersit y , Japan w atanab e@n uie.nago y a-u.ac.jp Abstract: Curren tly , the w eb-based learning supp ort systems are one of in teresting and hot topics in p oin ts of the utilization of In ternet and the application of computers to education. In particular, the w eb-based collab oration is v ery applicable means to mak e unfamiliar studen ts, who are unkno wn to eac h other, discuss together in the same virtual in teraction space. Ho w ev er, there are some problems deriv ed from the gap b e- t w een the real w orld and virtual en vironmen t: co ordination of discussions, co op erativ e reactions, comprehension of learning progress, etc. These problems ma y b e dep enden t on the fact that the actions of studen ts cannot b e in uenced from the b eha viors of others directly . In this pap er, w e address a co ordination mec hanism to promote co op erativ e actions/re- actions for progressiv e discussions. Our idea is to apply an agen t-orien ted framew ork to this co ordination mec hanism and in tro duce t w o di�eren t t yp es of agen ts. One is a co ordinator and the other is a learner. The co ordinator monitors the learning progress of groups and promotes the discussion, if necessary , so as to reac h their common goal successfully . The learners are assigned to individual studen ts, and act as in teraction mediators among studen ts in place of the corresp onding studen ts. Of course, the co or- dinator is a passiv e en tit y and learners are activ e en tities in our collab orativ e learning space. Key W ords: Collab orativ e learning en vironmen t, co ordinator, learning situation, learner, p ersonal learning history Category: K.3.1, K.3.2 1 In tro duction The fast and w orld-wide enlargemen t of In ternet/In tranet has made it p ossible that ev ery p erson can in teract instan tly without dep ending on their ph ysical 1 This is an extended v ersion of a pap er presen ted at the ICCE/ICCAI 2000 conference in T aip ei, T aiw an. The pap er has receiv ed an Outstanding P ap er Aw ard and is published in J.UCS with the p ermission of ICCE/ICCAI lo cations. Also, v arious applications, whic h are a v ailable on the w eb en viron- men t, ha v e b een dev elop ed with resp ect to the con ten t-based resource sharing, in addition to the traditional message exc hanges. The w eb-based collab orativ e learning is one of applications, based on suc h a hot topic, and has b een applied as computer-supp ort for virtual learning space. If their computers w ere con- nected m utually through the w eb-based learning en vironmen t, studen ts could discuss their common solving pro cess successiv ely and exc hange v arious solving metho ds/ideas co op erativ ely . Ho w ev er, there are some problems with encourag- ing activ ated discussions among studen ts and making it p ossible that individual studen ts should understand the correct answ er and solving pro cess e�ectiv ely: 1) studen ts ma y not participate in the discussion in teractiv ely b ecause of their hesitation, deriv ed from the fact that they are unkno wn with eac h other; 2) studen ts cannot grasp the b eha viors of others directly or indirectly b ecause only the direct actions and reactions are observ able through the in teractiv e in terface. These problems are radical dra wbac ks for collab orativ e learning. In order to solv e these dra wbac ks e�ectiv ely , w e prop ose an agen t-orien ted supp ort en vironmen t for collab orativ e learning. Of course, the agen t-orien ted framew orks for the construction of collab orativ e learning mec hanism/en vironmen t ha v e b een already in v estigated. Florea [1] prop osed a m ulti-agen t collab orativ e learning en vironmen t in the w eb w orld. In this en vironmen t, three kinds of agen ts w ere in tro duced: a p ersonal agen t whic h gets the information according to the re- quests of eac h studen t, tutor agen t whic h generates advice when p ersonal agen ts ask ed for the help, and information agen t whic h acquires more information from In ternet. Agen ts are activ ated b y studen ts’ requests so that this system en viron- men t do es not b ene�t passiv e studen ts. Ogata, et al. [2] prop osed mediator agen ts in the collab orativ e learning en vironmen t whic h assist studen ts to �nd suitable collab orators. The mediator agen t for eac h studen t holds the corresp onding stu- den ts’ pro�le whic h indicates the understanding and in teresting degrees ab out kno wledge. When a studen t has problems, his/her mediator agen t asks other mediator agen ts for the learning situations of their corresp onding studen ts and sp eci�es appropriate studen ts who ma y b e able to help solving the problems. This researc h cop es with the ab o v e problem 1) indirectly b ecause this function- alit y supp orts the creation of appropriate learning groups, but do es not manage the progress of collab orativ e learning. Nak am ura, et al.[3] and Liming, et al.[4] in tro duced resp ectiv ely pseudo studen ts whic h corresp ond to individual h uman studen ts. These pseudo studen ts ha v e the same kno wledge as the corresp onding studen ts and participate in to the discussion in their w a ys if the corresp onding studen ts do not join in the discussion p ositiv ely or cannot understand the discus- sion stage. These researc h viewp oin ts fo cus on passiv e studen ts suc h as problem

1), but do not solv e the problem 2). So, in spite of these v arious agen t-based in v estigations, the previous dra wbac ks are not alw a ys o v ertak en. In this pap er, w e address a collab orativ e learning en vironmen t, organized sys- tematically under t w o di�eren t t yp es of agen ts: co ordinator and learner. The co- ordinator tak es roles to monitor the discussion situation among studen ts, grasps the learning progress and guides the learning pro cess if necessary . The learn- ers are virtual studen ts corresp onding p ossibly to individual studen ts in our w eb-based collab orativ e learning en vironmen t. The co ordinator and learner are complemen tary en tities in the learning en vironmen t: the co ordinator is a pas- siv e en tit y; and the learner is an activ e en tit y as the autonom y for practically participating studen ts. In our in v estigation, w e exp ect the collab orativ e learning of high sc ho ol studen ts who study mathematical exercises together, esp ecially computation for the ro ots of equations. First of all, w e sho w an o v erall frame- w ork of our collab orativ e learning en vironmen t on the w eb-w orld in Section 2. The functionalities of t w o di�eren t t yp es of agen ts are stated in Sections 3 and 4, and then our protot yp e system is sho wn in Section 5. Finally , w e conclude our pap er in Section 6. 2 Collab orativ e Learning En vironmen t In the w eb-based collab orativ e learning en vironmen t, the actions/reactions of participating studen ts are inheren tly di�eren t from their b eha vior in the real w orld. Studen ts in the ph ysically constrained learning space can sp eak with eac h other b y means of face-to-face, feel/recognize activities, o ccurring from the discussions of studen ts, directly b y v arious sensitiv e receptors and �nd out some new ev en ts/facts indirectly . Although these are not alw a ys implemen ted adaptiv ely in the w eb-based virtual learning space, it is necessary to organize a collab orativ e learning en vironmen t in whic h the logical activities for supp ort of in teraction, discussion and comprehension can b e implemen ted successfully and e�ectiv ely . Figure 1 sho ws our collab orativ e learning en vironmen t conceptually , whic h is c haracterized b y t w o di�eren t t yp es of agen ts: co ordinator and learner. The co ordinator is placed in the cen ter of our virtual classro om (as a net w ork serv er), monitors the in teraction among studen ts and generates advice if necessary , ac- cording to the learning situation. This in teraction is supp orted b y the con v er- sation means through the public comm unication line. The learner is a pseudo studen t in our virtual classro om and is assigned to the corresp onding studen t one b y one. The learner tak es roles of the p ersonal managemen t of in teraction in terface for the corresp onding studen t, the handshaking con trol of public com- m unication line, the managemen t of its o wn priv ate learning history , and so on. In addition, the learner can comm unicate with other learners directly through the priv ate talking line in order to exc hange their p ersonal learning histories.

Figure 1: Collab orativ e learning en vironmen t Since studen ts are studying with limited learning to ols in the w eb-based virtual learning space, they are sometimes not able to comm unicate naturally . F urthermore, v arious studen ts participate in the learning group and the learning pro cess is not alw a ys completed successfully: i.e. some studen ts are not able to solv e the problem, some studen ts are not able to understand the deriv ed answ ering pro cess after all, and so on. The co ordinator solv es suc h dra wbac ks in the w eb-based virtual learning space b y managing the learning situation globally: the co ordinator tak es the place of a teac her in our classro om activit y . F or the purp ose of resolving inappropriate learning situation step wisely and guiding the learning group e�ectiv ely , ho w to mo del and con trol learning situation is an imp ortan t sub ject. If the co ordinator grasps the learning situation appropriately , the advice whic h w ere generated ma y b ecome appropriate hin ts in order for the learning group to pro ceed to the next phase of learning pro cess. Ho w ev er, it is not alw a ys necessary to mo del the learning situation in detail precisely . This is, w e think, b ecause among the learning group studen ts are able to help eac h other b y discussion, so that the co ordinator only has to detect the situation in whic h the learning group cannot pro ceed the learning b y itself. The co ordinator holds the righ t answ er and the answ ering paths for an ex- ercise as kno wledge to grasp the curren t learning situation. When the exercise

Figure 2: Answ er space has sev eral answ ering paths for the goal, the answ er space of the exercise is expanded as 2-dimensional net w ork structure as illustrated in Figure 2. In this �gure, the learning progress along x-axis means the step wise progress of deriving answ er, whereas that along y-axis sho ws the exten t of discussion. If the co or- dinator grasps the learning situation on the basis of the answ ering pro cess of net w ork structure as it w ere, it is v ery troublesome to manage the ev en tually c hangeable con v ersation stages successiv ely . Therefore, our co ordinator manages the learning situation with resp ect to the follo wing t w o viewp oin ts separately: ratio of deriv ed steps for a whole answ ering pro cess and exten t of discussion. By monitoring the learning situation under these p oin ts of view, the co ordinator is able to grasp the learning situation easier and generate advice timely . In partic- ular, it is necessary and su�cien t to manage the learning situation of the group globally , and not individually of eac h studen t. The learner acts as a net w ork clien t in place of the corresp onding h uman studen t in the w eb-based virtual learning space. This pro vides not only the in teraction in terface for virtual learning space attac hed to the corresp onding studen t, but also the function of indirect in teraction among studen ts, so as to judge their understanding lev els or p ersonalities, whic h w e call the fo cus func- tion. According to the fo cus function, studen ts select the opinions of particular studen ts whom they ev aluate as k ey p ersons. In order to realize the fo cus func- tion, the learner needs to ha v e the kno wledge ab out the corresp onding studen t and exc hange it with other learners. Therefore, the p ersonal learning history is prepared for the learner, whic h represen ts the understanding lev el and p ersonal- it y of corresp onding studen t. The learner constructs and main tains the p ersonal learning history according to the curren t situation. Exc hange of p ersonal learning

Figure 3: Resolution deriv ation scenario and indicators history is one-to-one in teraction so that public comm unication is not necessary for the fo cus function. Therefore, w e in tro duce the mobile agen ts called medi- ators as c hildren of the learner who tak e resp onsibilities for the exc hange of p ersonal learning histories among learners. The mediator mo v es among learners b y requesting/carrying the p ersonal learning history on the priv ate talking line. 3 Co ordinator The co ordinator grasps the learning situation from t w o viewp oin ts: ratio of de- riv ed steps for a whole answ ering pro cess and exten t of discussion. F or the ratio of deriv ed steps, whic h corresp onds to the x-axis of answ er space in Figure 2, w e ha v e already prop osed the resolution deriv ation scenario whic h represen ts the phases of deriving answ er step wisely [5, 6, 7]. The scenario is generated b y means of pro jecting the answ er space on to x-axis and consists of ordered states whic h corresp ond to individual phases of deriving answ er. Grasping an appro xi- mate learning situation mak es it p ossible for the co ordinator to generate advice timely and e�ectiv ely b ecause eac h state corresp onds to the individual ratio of deriv ed step. In our scenario structure, the curren t learning state is p oin ted b y the indicator curr ent , whic h p oin ts out the curren tly discussing stage. The co or- dinator infers the curren t state from studen t inputs and mo v es the indicator to the corresp onding state. Ho w ev er, the utilization of only one curren t discussion indicator is not enough to manage the learning state of a group su�cien tly . In addition to curr ent , indicators upp er and lower are prepared for the represen ta- tion of curren t understanding lev els of a learning group. Upp er p oin ts out the state of understanding lev el whic h is estimated that b est understanding studen t reac hed to and lower p oin ts out the state of w orst understanding studen t. The co ordinator is able to grasp the learning situation on the basis of the relationship among these 3 indicators (Figure 3). On the other hand, the exten t of discussion is estimated b y the n um b er of deriv ed answ ering paths with di�eren t discussion viewp oin ts. The di�erence of discussion viewp oin ts among answ ering paths is de�ned as the ratio b et w een common and uncommon answ ering steps. That is, if t w o answ ering paths con tain large n um b er of answ ering steps as common part, they are regarded as more similar paths; but if they ha v e man y di�eren t answ ering steps, they are judged as di�eren t paths. Common answ ering steps mean that the answ ering metho ds whic h are used to deriv e those steps are the same. Once t w o answ ering paths w ere div erged, the follo wing answ ering steps ma y b e deriv ed based on di�eren t answ ering metho ds so that they are regarded as b eing uncommon. F rom suc h viewp oin t, the co ordinator holds an answ er tree whic h w as transformed from the whole answ ering paths as a tree structure. Figure 4 sho ws the construction of an answ er tree, deriv ed from the answ er space in Figure 2. The answ ering steps after the div ergence are regarded as uncommon steps so that they are copied as di�eren t ob jects (Figure 4a). Then, the answ er tree is transformed b y means of collecting common answ ering steps for the purp ose of grasping the di�erence among the answ ering paths. The no des in the tree are generated as a collection of answ ering steps that are common to particular answ ering paths and the path from ro ot no de to particular leaf no de corresp onds to eac h answ ering path. When the answ er has b een deriv ed, the co ordinator sp eci�es deriv ed/underiv ed answ ering paths, calculates the di�erences b et w een the deriv ed answ ering path and other answ ering paths based on the answ er tree, and estimates the exten t of discussion. By grasping the learning situation from these asp ects, the co ordinator is able to handle the c hangeable learning situation and generate appropriate advice at the righ t time. 4 Learner The learner is situated on eac h studen t’s computer and acts as a pseudo stu- den t in the w eb-based virtual learning en vironmen t. The learner pro vides the in terface to the h uman studen t and con trols the priv ate talking among studen ts suc h as fo cus function. Since the learner only connects the priv ate talking line according to the corresp onding studen t’s request, it b eha v es indep enden tly with the co ordinator that manages the public comm unication. A p ersonal learning history is the mo del of corresp onding studen t whic h is held b y the learner. The p ersonal learning history represen ts the understand- ing lev el and the c haracteristic of corresp onding studen t. Some data of p ersonal learning history are prepared b y the h uman studen t b eforehand and others are gathered b y the learner o ccasionally through the learning. Curren tly , the picture and utterances of studen ts are collected as a p ersonal learning history . The fea- tures of studen ts do not c hange through the learning, so the picture is set b y eac h studen t b efore the learning starts. Utterances indicate the understanding lev el of studen ts and also their attitudes to w ard the learning; i.e. activ e or passiv e,

Figure 4: Construction of answ er tree Figure 5: Mec hanism for acquiring p ersonal learning information understanding or not-understanding, and so on. They are gathered and added to the p ersonal learning history b y the learner when the corresp onding studen ts send their opinions to the public comm unication line. In order to exc hange the p ersonal learning history through priv ate talking line, the learner generates mediators for eac h comm unication. The mediator is constructed as a mobile agen t whic h pro cesses its task while mo ving through the net w ork autonomously [8]. Figure 5 sho ws the mo v emen t of mediator for ac- quiring the p ersonal learning history of other studen ts. When the corresp onding studen t requests to get the p ersonal learning histories of particular studen ts, the mediators are generated b y the learner resp ectiv ely . Once generated, the medi- ators mo v e to the target learners through the net w ork and ask for the p ersonal learning histories, attended inheren tly to the target learners. After the acqui- sition of p ersonal learning histories, the mediators mo v e bac k to their original learner and disapp ear autonomously , since their roles are to acquire the p ersonal learning histories from target learners. Under suc h mec hanism, studen ts are able to kno w other studen ts’ c haracteristics ev en in our w eb-based virtual learning en vironmen t without an y direct in teraction. 5 Implemen tation W e ha v e implemen ted our protot yp e system on In ternet using UDP proto col, since UDP proto col is suitable to con trol the frequen t in teraction of short mes- sages. Figure 6 sho ws the in teraction in terface in our system. Tw o comm unica- tion to ols are prepared: answ er-b oard screen and in teraction space. The answ er- b oard screen is a public comm unication to ol whic h is used to arrange the group’s answ ering pro cess. Only one studen t is p ermitted to input on the answ er-b oard screen at a time so that the input righ t is set. On the answ er-b oard screen, ID, studen t’s name, and con ten ts of input are sho wn. The answ er-b oard screen func- tions as a blac kb oard in our real w orld. Descriptions on the answ er-b oard screen can b e erased or mo di�ed, but once they are o v erwritten, y ou cannot see them again. On the other hand, the in teraction space is prepared for free con v ersation so that all studen ts are able to input freely . In order for the co ordinator of our system to grasp the learning situation easily , commands that classify the opin- ions are in tro duced: Appreciate, Inquire, Assert, and Con�rm. Studen ts c ho ose the commands when they input their opinions. In addition to the commands, studen ts sp ecify the target inputs whic h trigger o� their opinions for the pur- p ose of grasping the o w of con v ersation smo othly . Th us, in addition to the ID, studen t’s name, and con ten ts of input, command and ID of target input are also displa y ed on in teraction space.

Figure 6: In teraction in terface on studen t op eration 5.1 Co ordinator As for the co ordinator, w e prepared sev eral advice whic h indicate the states of learning situation when the learning pro ceeds inappropriately . Curren tly , the co ordinator generates advice when it detects the follo wing learning situation: { learning situation has not b een c hanged for a long time, { some studen ts cannot understand the curren tly discussed stage, and { studen ts ha v e not deriv ed all viewp oin ts of solving the exercise. The co ordinator’s ob jectiv e is to activ ate the discussion, so the advice is gener- ated on the in teraction space as the same st yle as all other studen ts’ utterances. Figure 7 sho ws an example of advice generated b y the co ordinator. As for the advice, the sp eak er’s name is set as \!!!!!", the command of advice is \advice", and the ID of target input is nothing b ecause the advice is generated for the learning group but not for individual studen ts. W e ha v e ev aluated the generated advice based on this co ordinator mec ha- nism. W e made 5 groups of 2 to 6 studen ts, who use the protot yp e system, to

Figure 7: Advice example of co ordinator on in teraction space T able 1: Impression and understanding of the exercise What is y our impression of the exercise? Group with co ordinator Group without co ordinator di�cult 2 1 rather di�cult 5 1 appropriate 0 0 rather easy 2 2 easy 1 2 Can y ou understand the exercise? Group with co ordinator Group without co ordinator y es 5 1 so-so 3 4 no 0 1 others 2 0 solv e a mathematical exercise. These groups w ere divided in to t w o groups; one used the protot yp e system whic h con tained the co ordinator mec hanism and an- other studied with the same in terface but without the supp ort of a co ordinator. The groups w ere selected randomly . After the learning, w e ask ed ab out the im- pression and the understanding of the exercise (T able 1). F or the group with the co ordinator, 80% studen ts understo o d the exercise after all in spite of the n um b er of studen ts who though t that the exercise w as to some exten t di�cult. F urthermore, no studen t w as not able to understand the exercise, while one stu- den t could not comprehend in the group without the co ordinator. On the other hand, T able 2 sho ws the results of the questions ab out the advice generated b y the co ordinator and the questions ask ed b y the studen ts who participated in the group with the co ordinator. Most studen ts who answ ered that the advice are inappropriate for b oth questions answ ered that the exercise is easy in T able 1. Therefore, the co ordinator ma y detect inappropriate learning situation precisely and promote understanding of studen ts to w ard the exercise, esp ecially of those who did not understand w ell and really needed e�ectiv e advice. T able 2: Advice of the co ordinator Timing of advice Con ten t of advice appropriate 0 3 mostly appropriate 5 3 not so appropriate 1 1 not appropriate 3 1 others 1 2 5.2 Learner The learners w ere implemen ted using Agen tSpace[9] as a middle-w are to con trol the b eha vior of a mediator. Figure 8(a) is an in terface for generating requests. In the upp er windo w, the causalit y of utterances on in teraction space is arranged based on corresp onding studen t’s utterances. The arrangemen t of utterances on the upp er windo w helps to decide the fo cusing studen ts for generating requests. Once a studen t decides to fo cus studen ts, he/she inputs IP addresses of fo cusing studen ts, b ecause mediators need IP addresses where they will w ork b eforehand in our curren t v ersion. Then, he/she sp eci�es the �le name of a fo cusing stu- den t’s p ersonal learning history . If a studen t w an ts to kno w only the particular utterances of fo cusing studen ts, he/she sets the ID’s of corresp onding utterances sho wn in the upp er windo w. Figure 8(b) sho ws the result windo ws of requests for p ersonal learning history . When requests ha v e b een completed successfully , the result windo ws are generated and the p ersonal learning histories of fo cus- ing studen ts are sho wn individually . Curren tly , the picture of a fo cusing studen t is sho wn in the upp er windo w and his/her utterances are sho wn in the lo w er windo w. 6 Conclusion In this pap er, w e prop osed a collab orativ e learning en vironmen t whic h con- tains t w o di�eren t agen ts: co ordinator and learner. The co ordinator monitors

Figure 8: In terface for handling requests the public comm unication among learning groups and generates advice so as to lead the groups to their learning goal. F or this purp ose, the co ordinator grasps the learning situation globally from t w o viewp oin ts: the ratio of deriv ed steps for a whole answ ering pro cess and the exten t of the discussion. Although the managemen t structure of the learning situation is simple, the co ordinator ma y b e able to �nd that in most cases studen ts are not able to cop e with inappro- priate learning situation b y themselv es. On the other hand, the learner con trols the priv ate talking suc h as fo cus function. The learner holds the p ersonal learn- ing history of the corresp onding studen t as his/her c haracteristics and acquires other studen ts’ p ersonal learning histories b y generating the mobile agen ts called mediators. Curren tly , these agen ts function indep enden tly . Ho w ev er, for our fu- ture w ork, the in teractions among co ordinator and learners are necessary for the co ordinator to generate more e�ectiv e advice. In addition, the ev aluation of the in teraction in terface of our protot yp e system and the preparation of more factors for p ersonal learning history based on the result of the ev aluation are also necessary .

Ac kno wledgmen ts The authors are v ery grateful to Prof. T. F ukum ura of Ch uky o Univ ersit y , and Prof. Y. Inagaki and Prof. J. T oriw aki of Nago y a Univ ersit y for their p ersp ectiv e remarks, and also wish to thank our researc h mem b ers for their man y discussions and co op erations. References 1. A. M. Florea: \An Agen t-based Collab orativ e Learning", Pr o c. of ICCE’99 , V ol. 1, pp. 161{164 (1999). 2. H. Ogata, K. Imai, K. Matsuura and Y. Y ano: \Kno wledge Aw areness Map for Op en-ended and Collab orativ e Learning on W orld Wide W eb", Pr o c. of ICCE’99 , V ol. 1, pp. 319{326 (1999). 3. M. Nak am ura and S. Otsuki: \Group Learning En vironmen t Based on Hyp othesis Generation and Inference Externalization", Pr o c. of ICCE’98 , V ol. 2, pp. 535{538 (1998). 4. G. Liming, H. Mingh ua and Q. Y uh ui: \A W eb-based Multi-Agen t Collab oration Learning System", Pr o c. of ICCE’98 , V ol. 1, pp. 205{210 (1998). 5. T. Ko jiri and T. W atanab e: \Co op erativ e Learning Supp ort Mec hanism, Based on Scenario of Sp ecifying Solving Pro cess", Pr o c. of ICCE’98 , V ol. 2, pp. 532{534 (1998). 6. T. Ko jiri and T. W atanab e: \Adaptable Learning En vironmen t for Supp orting a Group of Unsp eci�ed P articipan ts in W eb", Pr o c. of SITE’99 , pp. 1937{1942 (1999). 7. T. Ko jiri and T. W atanab e: \A Managemen t Metho d of Leaning Situation in Col- lab orativ e Learning", Pr o c. of ICCE’99 , V ol. 1, pp. 386{393 (1999). 8. J. E. White: \T elescript T ec hnology: Mobile Agen ts", Softwar e A gents (J. Br adshaw (e d.)), MIT Pr ess , pp. 437{472 (1997). 9. I. Sato: \Agen tSpace", http://islab.is.o cha.ac.jp/agent/ (1999).