Computer Support for Children´s Collaborative

Fantasy Play and Storytelling

Kimiko Ryokai and Jus tine Cassell

Media Laboratory

Massachusetts Institute of Technology

Abstract

Collaborative fantasypla yand storytelling serve an important role in preschoolchildren´s development. Making up characters and telling stories are activit ies through which children make sense ofand test their hypotheses about the world. While computers are increasingly present to support young children´s collaboration in schooltasks, there is a lack ofco mputationalsystems to support children´s vo ice in this kind ofimportant collaborative act ivit y.

StoryMat is a systemthat supports children´s collaborat ive fantasyplay and storytelling.

Wit h StoryMat, however, collaboration can take place among co-present peers, or between a child and a previous user, mediated bythe StoryMat. StoryMat records and recalls children´s own narrating vo ices and the movements theymake wit h their toys on the mat. Stories fro mthe past are conjured up on the mat as a narrating moving shadow ofthe toy, when theyare triggered by the present stories that are similar. Byhear ing peer stories in response to their own story, children´s stories and the exper ience oftelling them seemto become r icher. This paper addresses the importance ofsupporting children´s collaboration in fantasypla yand storytelling and suggests a new wayfor techno logyto play an integralpart in that activit y.

Keywords - peer collaboration, storytelling, fantasy play

INTRODUCTION

Computer Supported Collaborative Lear ning is often defined as a collaboration between a teacher and a lear ner mediated by a computer, or two children solving problems together using a co mputer. However, collaboration also occurs spontaneously amo ng children as theyco-construct fantasywor lds and tell stories about them, in the process improving their language and narrative skills, and their abilit y to work with other children, and computers can playimportant roles in this kind ofcollaboration as well. In this paper, we look at a particular kind ofcollaboration in children´s play ˘ that is fantasystorytelling play. Fantasystorytelling playis important in children´s development and collaboration among peers plays a keyrole in the success ofthe activit y. We discuss the role that one computationally-enhanced playmat plays in young children´s collaborative fantasy storytelling play.

Fantasy Play

In children´s spontaneous play, their language and act ions are both the process and the product oftheir fantasyplay. For example, a child who is ho lding a piece ofblock tells her playmate, "Pretend this was a train, OK?" Children demo nstrate in this language a sense ofpossibilit y ˘ the concept of^what might be~ (Singer & S inger, 1990).

Such imaginat ive exercise is important in children´s development. Fantasypla yallows children to explore different possibilit ies in their life wit hout the risk o f failure and frustration fro munexpected events. Pretense gives children a unique opportunityto explore their own emotional arousal(Fein, 1987), and also an opportunit yto exper iment with possible interact ions and relat ionships among humans (Leslie, 1987). As such, fantasyplayplays an important role in children´s emot ionaland socialdevelopment.

Fantasyplay also fosters children´s cognit ive and language skills. In fantasyplay, children practice their abilit yto represent objects, actions, and feelings with so mething that stands for them. Such abilit yis paralleled by a corresponding abilit yto represent in language ( Nico lich, 1977). Byfostering the development ofchildren’s symbo lic imaginat ion and providing a field for its exercise, fantasyplayand narrative activit y prepare the wayfor the development ofabstract thinking and higher mentalprocesses

( Nico lopolou, 1996).

Young Children´s Play: Develop mental Perspective

Children´s playpatterns change as theyget older. Children start out byengaging in a

^so lo~ play st yle and gradually lear n to engage in more socialplay.

At age 2, children´s playis solitar y. That is, children play alo ne wit h toys regardless of their proximit y to other children. A child maybe playing with a toycar r ight next to a child who is playing with a toytruck. But neither ofthemattempts to get close to the other. Theyseclude themselves fro mthe presence ofothers and their interest is only in their interaction with the object (Parten,1932; Peller, 1955). Children in this stage also speak predominately in the first person during fantasyplay. For example, a child may say, ^What´s that?~ or ^Go away!~ in his play, but he does not introducethe quoted speech.

At age 3, children are predominant lyfocused on ^parallel~ playor what Peller (1955) calls ^mirroring~ play. Children who engage in paralle l play st illdo not show any attempt to influence the other´s play wit h their own. But the child plays with similar toys in the same play st yle as other children. We may see a child who is playing in a ver y similar wayto a child who is playing r ight next to him. ^Chu- ga chu-ga.~ One child plays wit h his train toy. And another one says the same thing, ^Chu- ga chu-ga,~ with his toy. Yet there is no interaction between them.

Byage 4, children engage in more social play. Their play beco mes more ^associat ive~ and ^cooperative.~ Theyare concer ned with co mmo n activit y and able to have conversation wit h a commo n goal. Theyare also able to engage in the higher level of activit yas theyare able to playwit h others in the ^shared-imagination~ world ( Damon,

1983). Theycoordinate their actions and interpretation ofthe world in a cooperative manner. Byage four, children also become increasingly co mpetent at speaking fro ma perspective that is different fromtheir own. Auwarter (1986), in his exper iment with children age between 3 and 9, found that the ability to take a character role identit yin a storyincreased as children became older. Auwarter also found that children´s abilit yto produce the neutralperspect ive (narrator´s perspective) increased as the children got even older. While younger children are able to narrate fro mthe character´s point ofview as in

^T his tastes reallygood!,~ older children were able to also narrate fromthe neutral observer, the narrator´s point ofview, as in, ^So, he ate some delicious apples.~

Therefore, as theydevelop, children are more likely to interact cooperatively, and able to engage in make-believe activit ies and share the world with others using more sophist icated language for ms. However, make- believe playis at its peak when a child is between the age 4 and 7 ( Vygotsky, 1967). Byage 8, a child begins to reason more like an adult. A child seeks out more logicaland realist ic scenar ios rather than imaginar y made-up scenar ios (Miller, 1979).

While preschoolchildren aged between 4 and 7 are able to construct make-believe roles or situations, theyare also able to engage in such act ivit ywit h others in a cooperative manner ( Damon, 1983). Therefore, that period ofone´s childhood seems to be devoted to prepar ing or practicing imaginative skills, and also to doing so in the socialcontext. In parallel, children dur ing this age are acquir ing the abilit yto present the content oftheir fantasies to others, through the use ofthe narrative voice. Thus, whereas younger children may simplyroar, older children beco me able to say^and then the dragon roared

`I willeat you all up.´~

Peer Collaboration in Fantasy Play

Children are better at fantasyplayin co llaboration with peers than wit h parents, as peer play demo nstrates more negotiat ion and is more improvisat ionally creative (Whit ing &

Whit ing, 1975). Fein & Fr yer (1995) found no evidence that mothers contribute to the qualit yor sophist icat ion ofpeer play. In contrast, in children´s play, peers´ stories and imaginar ycreat ions serve as a new suggest ions for children to enact and telltheir story creatively within the dramat ic frame (Baker- Sennett, Matusov, & Rogoff, 1992). It is the

^co llective~ routines amo ng peers that take children´s fantasyplayeven further ( Corsaro,

1992).

Fantasyplay amo ng peers also offers a space where children can practice speaking from different perspectives, such as an imaginar ycharacter or athird person narrator. With age, children lear n to take different perspectives and theyalso beco me co mpetent at mixing the roles to achieve more complex uses oflanguage ( Auwarter, 1986). Fantasy play amo ng peers allows children to listen to and beco me influenced by different uses of language. Therefore, peer collaboration in fantasyplay ser ves an important funct ion in children´s exploration and practice o flanguage.

Figure 1 :StoryMat invites children to tell their stories collaborativelyin an under-determined playworld.

Figure 2 :Tellinga storywith the stuffed bunny triggers a previouslytold storyto be played back on the mat as an animation.

In sum, in fantasyplaychildren practice and develop manyessential social, cognit ive and linguist ic skills, and can then apply what theylearn in playsequences to the ever yday cognit ive and socialdemands oflife. Peer interaction and collaboration help to foster the activit y. Some children, however, do not have access to the peer context that can scaffo ld their fantasyplay. Hospitalized or otherwise iso lated children suffer fromexact ly this lack ofpeers in their exploration ofthe world. While co mputer support for young children´s collaborative lear ning is o ften focused on their schooltasks such as learning math and wr it ing the letters ofalphabet, there seems to be a need for systems that support young children´s co llaborative fantasyplay.

StoryMat

StoryMat is a systemdesigned to support children´s collaborative storytelling in the context oftheir fantasyplay. StoryMat is a soft play mat that provides an under-determined play space for children to telltheir own stories, and yet it is an ^active~ play mat in that it supports children´s storytelling playby recording and recalling their stories. When children tell their stories wit h a toyon

StoryMat, their narrating vo ices and the associated movements ofthe toys are recorded.

The recorded storyis then co mpared with other stories told by children who have visited the mat previously. One ofthe past stories that shares a similar pattern (specifically, the length ofthe story, the pattern ofthe paththe toytook, and the ident ity ofthe toy) with the present storyis recalled on the mat, as a moving shadow ofthe toywith its narrator´s vo ice. This in turn provides a space where a child maycontinue the themes ofthe story she heard bytelling her own new story. The child may tellher subsequent storyby co ming up with a creative so lut ion to the storyshe just heard. Or she may cont inue to tellwhat she was telling but incorporating so me storyelements fromthe storyshe just heard. Inthis sense, StoryMat is a kind ofimaginar y playmate, but who also mediates naturalco llaboration between a child and her peer group.

Generally, the stories children tellare not saved for some special occasio n or just for adults to hear. Instead, theyslip unobtrusively into the flow o fchildren´s ever ydayplay

(Miller & Sperr y, 1988). Yet, ifthere were a space where such stories were stored for the tellers or their peers to hear and for themto explore further, in much the style o fpeer collaboration theyare excellent at, the exper ience o fstorytelling might beco me r icher.

StoryMat was designed to capture children´s ever yday stories to support more connections and exchanges ofstories amo ng children. Byrecording and recalling children´s own stories, StoryMat offers more opportunities for children to listen to and interpret each others´ stories even in the absence ofphysicalplaymates. As a result, a child who plays on the mat byherself could tell her stories collaborativelywit h stories that were told by other children on the mat, just as she might in playing with her real fr iend. And a child who plays on the mat with fr iends will have more stories to work with in telling his stories, and a modelofcollaborative storytelling to depend on. In both cases, co llaboration amo ng peers is explo ited to foster creative storytelling on StoryMat.

StoryMat, with its soft and tangible inter face that allo ws more naturalmanipulat ion of digitalinfor mat ion (Ishii & Ullmer, 1997), not only creates an emotionallyengaging environment for storytelling, but also invites more collaboration and interaction among peers. StoryMat uses the voice and the movements children produce as input and output.

Free fro mthe confines oftyping and the general desktop arrangement, children on

StoryMat move around and narrate freelywit h their toys. The vo ices o fthe children recalled and heard onthe mat also contribute to creating an environment where peer collaboration is encouraged.

In addit ion to providing a larger-than-themselves inter face, this particular kind o fquilt serves as a unique inter face for collaborative storytelling. Objects sewn onthe mat are storyevoking: paths going in different direct ions, trees, houses, and fields ofcontrasting colors. These objects serve as ^storystarters~ for children, yet theyare under-determined enough to be transfor med into anyobjects children imagine themto be. For example, a house can be imagined by one child to be a candyshop and another child to be her own ho me. A blue field can be a magic spr ing or a field filled with blue flowers. Children on

StoryMat see and hear other children´s transfor matio ns ofthe appliqués on the mat creations and beco me inspir ed to telltheir own stories creat ively.

Technical Implementation

The StoryMat itselfis a so ft cloth quilt wit h appliquéd figures on it. Software divides the mat into 192 (16x12) areas, without anyneed for attached wires or grids. An ultrasonic transmitter embedded in the small stuffed animal allows wireless tracking ofthe animal´s mo vement onthe mat. Squeezing the stuffed animaltr iggers the computer to start recording the child´s narrat ing vo ice and the two dimensio nalcoordinates ofthe stuffed animal. When the child lets the stuffed animal go, the coordinates and the voice are combined into a movie file and saved in the computer to be played at the appropriate locat ions o fthe mat. When new input is subsequent lyencountered at the same place on the mat, the movie file is then automat ically triggered and played back via a projector mounted above the mat, and heard through a pair ofspeakers next to it. The animat ion of the stuffed animalis pro jected onto the mat and travels the course ofthe recorded path, complemented bythe child’s recorded voice. When there are mult iple sessio ns stored at the same place on the mat as the new sessio n, the one with most similar size and pattern

(the length ofthe storysessio n, pattern ofthe path the toytook, and the ident it yofthe toy) as the new sessio n is chosen to be played back. The idea is to mediate a collaboration between a child and the peer byconnect ing the present stories wit h the past stories, but also to have the computer play a role ofa playmate by responding to the child´s storywith a peer storythat is similar.

The stories on StoryMat are also designed to be manipulatable objects ofcollaboration.

Dur ing the course ofa playback, when the user squeezes the stuffed animal and begins to tella new ending for the played- back story, a new animat ion is created ofchild #1’s beginning and child #2’s ending, and this new animat io n is stored in the librar yo f possible stories to be played back onthe mat. Thus, layers ofchildren’s stories accumulate in the libr ar yalo ngside original one-child stories.

StoryMat User Study

Our belief is that the StoryMat systemacts as a kind ofimaginar yplaymate or peer, standing in for absent children when a child is playing alo ne on the mat, and mediat ing communicat ion between two children playing on the mat when children play together. In this way, we believe that the StoryMat encourages creative explorat ion oflanguage and narrative in young children. Inorder to invest igate these claims, we invest igated how playing on StoryMat impacts the exper ience ofchildren who are playing alo ne and playing together with a playmate, and we compared children who are playing on the active StoryMat and children who are playing on a passive quilt. That is, groups of children who played alo ne and children who played wit h a playmate on StoryMat were compared with groups ofchildren playing alo ne and groups ofchildren playing with a playmate on a passive mat. The ident ical quilt without the recording and recalling funct ion ofstories is what we callthe passive mat.

We recruited 36 children between the age of5 to 8 for the study. Children were rando mlyassigned into one oftwo groups: 1) StoryMat group, who played on StoryMat and 2) a controlgroup, who played on the passive mat. In each group, 6 children played alone and 12 children played wit h another playmate, result ing in 6 dyads and 6 singles in each group.

The children played on StoryMat or the passive mat for 15 minutes. The fir st 10 minutes ofdiscourse were collected fromallthe child participants. Allthe 36 children´s speech, a totalof24 10- minute sessions (12 singles and 12 dyads sessio ns) were transcr ibed.

We analyzed the transcr ipts in two ways, to examine the two claims expressed above.

Fir st we looked at whether StoryMat provides a place for collaborative storytelling, and how collaboration was expressed amo ng dyads and with so litar ychildren. We analyzed the transcr ipts by examining the number ofstoryelements fromother children´s stories incorporated bythe children in different groups. Second, we looked at whether more or less developmentallyadvanced types of fantasystorytelling playwere fostered by children using StoryMat in the different condit ions. We analyzed the transcr ipts by investigat ing how children used different ident it yroles in their fantasyplay.

(1) Incorporations

In fantasyplay, children include others´ make-believe games into their own by transforming objects, acts, or themes that follow a sequence or order (Singer & Singer,

1990). Inorder to invest igate collaborative storytelling on StoryMat, we looked at incorporations oflanguage st yle and storyelements. That is, incorporations ofa particular style o fsaying a wordor a phrase, and incorporations ofparticular fantasy objects. The fo llowing is a discourse segment ofa child who played in a dyad on

StoryMat, which illustrates such an incorporation.

Girl (8-year-old)

[note: the words in italics indicate a peer storyprovided byStor yMat]

Let´s see what thisyellowhouse is. It doesn´t look like a garage. click click click [child makes sounds]. No answer. Let´s try this one. Click click click. There might be a note inside like our houses. Let´sgo look. No nothing. Wait, here´s something! It says `this is a mysterious music pad .

Go on it and have some fun.

Oh, boy! A mysterious music palette ! That´s so much fun! Come on! Look, it´s a piano! All Ihave to do is saysomething, and it turnson!

In this example, the child hears a StoryMat storywit h the unusual storyelement ofa

`myster ious music pad´. Immediately afterwards, she incorporated that element into her own story, and continued the storyin that vein.

Byincorporation we mean either a storytheme froma StoryMat storyor a clear linguist ic register fro ma StoryMat storythat are subsequent ly used by the current child playing on the mat. The number ofincorporated language st yle and storyelements per session was compared across the groups. We were interested here in a 4-wayco mpar ison among the groups, as shown in the fo llowing graph:

The dyads on StoryMat had more incorporations than any other group. Detailed analysis ofthe results showed that the dyads on StoryMat incorporated elements both fromtheir co-temporal, co-spatialpeer and StoryMat. This result is interesting as it provides an evidence for a child being able to collaborate with StoryMat stories at the same time as with a physicalplaymate. The single children on StoryMat also incorporated elements fro mStoryMat stories as much as a child did fro ma peer on the passive mat. This result also provides evidence for a child being able to collaborate with StoryMat stories in much the same way as children collaborate with other children.

The result showed that both the dyads and the singles on StoryMat incorporated elements fro mstories provided byStoryMat. Byincorporating others´ storyelements into their own stories within their dynamic storyframe (Singer & Singer, 1990), the children on

StoryMat told stories in much the waythey might with a reallife peer. StoryMat was able to play a role ofa playmate by responding to the children´s storywith a peer story that was similar.

(2) Speaker Identity

It is clear fro mthe above result that StoryMat supports collaborative act ivit y, in children playing alo ne and playing together. What is the nature ofthis activit y? Are children actually telling stories in the way theymight with flesh-and-blood playmates? In order to

0

1

2

3

4

5

6

7

8

G ro u p 1:

S i n g l e

C h i l dre n on

P a s s i ve Mat

G ro u p 2:

S i n g l e ch i l dre n o n

S to ry Ma t

G ro u p 3:

Dy a ds o n

P a s s i ve Mat

G ro u p 4:

Dy a ds o n

S to ry Ma t

# of incorporations

Incorporati onfromapeer Incorporati onfromS toryMat

Graph 1 : Children´s incorporations of elements from other children a nd from StoryMat.

investigate this quest ion, we looked at one ver yrobust measure of` narrat ivit y´ ˘ the abilit yto shift back and forth between the roles ofcharacter, narrator, and ever yday person. This aspect of narrativit yis part icular lyinteresting as it is just being acquired in the pre-schoolto early-schooling age range that we examined in our study.

Thus, the average percentages ofdifferent roles taken by a child in telling a storywere compared across the groups. The fo llowing graph shows the results:

The results show that the single children on the passive mat mainlytookthe character role. The ver yrare use ofthe narrator role amo ng children in this group reflects the fact that the children did not introduce quotes ofa character (i.e. ^T hen he said, `Oh, no!´~), but rather only acted as characters ( i.e. ^Oh, no!~). The exclusive use ofcharacter voice character izes children´s pretend play rather than fantasystorytelling, and is a comparat ively younger for mofplay( Auwarter, 1986). Children are enacting the different roles in their fantasysituat ion, but not narrating them.

The single children on StoryMat took the narrator´s role most ofthe time, but also took the character role fair lyo ften. These results indicate that single children on StoryMat were engaging in storytelling rather than pure fantasyplay. When a character´s words are introduced with verbs ofsaying (said, yelled, told), the storybeco mes understandable by others and beco mes more self-suffic ient ( Scarlett & Wolf, 1979). The single children on

StoryMat both acted out as a character and told stories about the character. But they

100%

20

40

60

80

Graph 2 : Use of narrative roles by single children a nd dya ds on the pa ssive mat a nd StoryMat.

Narrator personality role

Everyday personality role Char acter personality role

Group 2

Singles o n

StoryMat

Group 3

Dyads on

Passive Mat

Group 4

Dyads on

StoryMat

Group 1

Singles o n

Passive Mat

5.3%

94.7%

72.2%

27.8%

24.2%

62.5%

13.3%

49.0%

33.6%

17.4% seemed to successfully mix the two roles to tellstories, rather than engaging so lelyin pretend play.

The dyads on the passive mat took three different roles, ever yday, character, and narrator.

In the ever ydaypersonalit yro le, theyhad a conversat ion wit h their peers as a wayof scaffo lding an unfo lding story(e.g. ^Let´s do a schoolstory˘ you be the pr incipal!~).

Theyused this role extremely rarely, however. The dyads on the passive mat mainly used the character role, and occasio nallythe narrator role. The fact that theyused the character role more than the narrator role indicates that the dyads on the passive mat were more engaged in pretend play than storytelling. This contrasts with both the singles and the dyads on StoryMat.

The dyads on StoryMat also took three different roles. Theyhad a conversation wit h their peer as an ever ydayperson, used a character role, and used a narrator role. As ment ioned ear lier, an interest ing contrast between the dyads on the passive mat and the dyads on StoryMat is the use ofthe narrator role. The fact that theyused the narrator role more than other roles indicates that theywere narrating and were able to mix other roles.

The notable difference between the two dyad groups is that StoryMat dyads narrated most ofthe time while those on the passive mat spoke as characters most ofthe time.

The balanced mixture ofroles displayed by the dyads on the StoryMat is the most character ist ic o fmature storytelling.

The results suggest that StoryMat provides a place where children are encouraged to narrate rather than to engage in pretend play. As explained by Scar lett and Wo lf(1979), storytelling with the help ofa narrating voice allows others to understand the intention o f the author. The audience has to be able to construe what is happening within the story.

Byconnect ing children´s present stories wit h the past stories, StoryMat seems to create an environment where a child is encouraged to engage in this kind ofmature audiencefocused storytelling.

Discussion

The proceeding analyses ofthe children´s storytelling process show that the single children on StoryMat told stories by taking a narrator´s role but also used a character role to act out some oftheir imaginar ycharacters. This contrasted with the single children on the passive mat who predominately took a character role. Byusing the character role in conjunct ion with a narrator role, the single children on StoryMat created a world of stories that is more self- sufficient ( Scarlett & Wo lf, 1979). The single children on

StoryMat were also able to switch between different roles to introduce more complex narrative utterances ( Auwarter, 1986).

A similar contrast was observed between the dyads on StoryMat and the dyads on the passive mat. The dyads on StoryMat mainly used a narrator´s role but in conjunction with a character role, whereas the dyads on the passive mat predominately used a character role. These results suggest that StoryMat fosters developmentallyadvanced storytelling.

It was also shown that the dyads on StoryMat produced the high number of incorporations. That is because the dyads on StoryMat had two collaborators, a peer and

StoryMat stories. The dyads on StoryMat incorporated elements both fromtheir peer and

StoryMat stories. But, importantly, single children playing on the StoryMat incorporated as many elements fromthe stories that the mat told as two children playing on a passive mat incorporated fromeach other´s stories. These results provide evidence for StoryMat offer ing a place for collaborative storytelling for children wit h or without a co-temporal co-spatial playmate. For children who play alo ne, StoryMat plays an imaginar ypla ymate byo ffer ing peer stories. For children who play together with a playmat e, stories offered byStoryMat serve objects oftheir collaboration in addit io n to the ones offered by a physicalplaymate.

CONCLUSIONS

This paper presented the design framework and some results froma user studyofthe

StoryMat system. Byoffer ing peer stories, StoryMat seems to provide a place where children are able to practice and foster their storytelling skills. Byo ffer ing peer stories,

StoryMat also seems to offer a place for a child to exper ience co llaborative storytelling regardless ofthe absence ofa co-temporaland co-spatialplaymate. The children on

StoryMat listened to peer stories offered by StoryMat in much like the waytheydo with the stories offered by reallife peers. In fantasyplay, co llaboration among peers is important and techno logycan step in as a keymember ofthe peer group, like an imaginar yplaymate with an act ive imaginat ion.

ACKNOWLEDGMENTS

We would like to thank the member s ofthe Gesture and Narrative Language group and others at the MIT Media Lab for their collaboration and help.

REFERENCES

Auwarter, M. (1986). Development of Communicative Skills: The construction of fictional realityin children´s play. In Cook- Gumperz, J. (Ed.), Children´s Worldsand Children´s Language . Berlin: Mouton de Gruyter.

Baker- Sennett, J., Matusov, E. & Rogoff, B. (1992). Sociocultural processes of creative planning in children´s playcrafting. In P. Light & G. Butterworth (Eds.), Context and cognition: Ways of learning and knowing. Hillsdale, NJ: Lawrence Erlbaum Associates.

Corsaro, W. (1992). Interpretive reproduction in children´s peer cultures. Social Psychological Quarterly ,

55, 160-177.

Damon, W. (1983). Social and Personality Development . NewYork: W. W. Norton & Company.

Fein, G. (1987). Pretend Play: Creativityand Consciousness. In Gorlitz, D. & Wohlwill, J. (Eds.) Curiosity,

Imagination, and Play , Hillsdale, N.J.: Erlbaum.

Fein, G., & Fryer, M. (1995). Maternal contributions to earlysym bolic playcompetence. Developmental

Review , 15, 367-381.

Ishii, H., & Ulllmer, B. (1997). Tangible Bits: Towards Seamless Interfaces bet ween People, Bits, and

Atoms. In Proceedings of CHI ´97, ACM .

Leslie, A. M. (1987). Pretense and Representation: TheOrigins of ^Theoryof Mind,~ Psychological

Review , 94, 412-422.

Miller, L. (1979). Theidea of conflict: a studyof thedevel opment of stor yunderstanding. NewDirection for Child Development , 6, 41-51.

Miller, P., & Sperry, L. (1988). Earlytalk about the past: theorigins of conversational stories of personal experience. Child Language , 15, 293-315.

Nicolich, L. M. (1977). Beyond sensorimotor intelligence: Assessment of symbolic maturitythrough analysis of pretend play. Merrill-Palmer Quarterly , 23, 89-99.

Nicolopoulou, A. (1996). Narrative Devel opment in Social Context. In D.I. Slobin, J. Gerhardt, A.

Kyratzis, and J. Guo, (Eds.), Social Interaction, Social Context, and Language: Essays in Honor of Susan

Ervin-Tripp . Mahwah, N.J.: Lawrence Erlbaum Associates.

Parten, M. (1932). Social participation among pre-school children. Journal of Abnormal and Social

Psychology , 1932, 27, 243-68.

Peller, L. E. (1955). Libidinal phases, ego development and play. Psychoanalysis , 1955, 3(3), 3-12.

Scarlett, W. G., &Wolf, D. (1979). When It´sOnly Make-Believe: The Construction of a Boundary

Bet ween Fantasyand Realityin Storytelling. NewDirections for Child Development , 6, 29-40.

Singer, D. G., & Singer, J. L. (1990). The House of Make-Believe: children´s play and the developing imagination . Cambridge, M.A.,: Harvard UniversityPress.

Vygotsky, L. S. (1967). Playand its role in the mental development of the child. Soviet Psychology , 1967,

12, 62-76.

Whiting, B. & Whiting, J. (1975). Children of six cultures. Cambridge, MA: Harvard UniversityPress.

Authors´ Address

Kimiko Ryokai &Justine Cassell

MIT Media Laboratory

E15-320R

20 Ames Street

Cambridge MA, 02139 USA

[ kimiko, justine]@media.mit.edu