Once Upon an Object...Computationally-Augmented Toys for StorytellingJennifer W. Glos and Marina UmaschiMIT Media Lab20 Ames Street, E15-320R/NCambridge, MA 02139 USA+1 617 253 6096+1 617 253 7211{ jenglos, marinau}@media.mit.eduAbstractWe are developing design principles applying tangible interfaces to storytelling. This paper describes an underlyingphilosophy and three resultant designs for computer-mediated toys, exploring how the merging of physical objectswith computer technology can enhance children�s storytelling. Each prototype aims to develop a specific set of bothoral and written storytelling skills, as well as collaboration, sharing, and the notion of revision. By creatingnarratives, children learn about culture and identity, and develop a sense of self. In addition, narrative can be used asa gateway to draw girls into technology. The use of multi-sensory interfaces allows for richer interaction.Keywordsstorytelling, children, computer-mediated toys, identity, education, gender, tangible interfaces.MotivationStorytelling plays an essential role in children�s exploration of self, by affecting three aspects of development: 1)cognitive, 2) emotional, and 3) social. 1) Cognitively, we perceive the world in a narrative manner [3]. Peopleorganize their world and make sense of their lives by creating coherent narratives which change according to context.2) The construction of narratives is emotionally empowering. Converting an idea into a story, and then sharing it,builds self-esteem. 3) Storytelling is an intuitive form of social interaction specifically geared towards sharing andrelationship-building. Teller and listener can be temporally together, engaged in collaboration with feedback loop.Or a storyteller may construct a story alone, and later share it with others. In addition to these three developmentalaspects, storytelling is a form of play particularly appealing to girls [10] It can, therefore, serve to draw them intotechnology. Lastly, stories give meaning to objects; objects give stories tangibility. We place meaning into theeveryday objects which surround us, using them as place-holders for our personal narratives. These objects,therefore, become external anchors to who we are and how others see us.BackgroundWe organize our theoretical framework in four domains: 1) role of identity, history, memories, and culture, 2)storytelling and narrative, 3) gender issues in toys and game design, and 4) integration of physical and digital worlds.1. Identity through Objects and StoriesWe surround ourselves with objects to aid in the establishment, expression, and maintenance of self-identity.Gonzalez [8] defines this grouping of objects as an autotopography, �a spatial representation of identity.� Objectsare a physical embodiment of aspects of the self, providing external proof and support of identity. Such objectsanchor the individual�s constantly changing sense of self, by serving as place-holders to their personal narratives. Inthis sense, they serve as archivists of the individual.The stories the objects hold are fundamental constituents of our memory. A story is composed of memories,experiences, knowledge and/or reflections [24]. It gives life to past experiences by making the events in memorysignificant to others and to ourselves. To become masters of our own experiences, we must be able to narrate them.At the individual level, we weave a narration of our own lives to construe our role in the world. At the cultural level,narrative gives cohesion to shared beliefs and transmits values.2. Education & StorytellingPolkinghorne[20] describes narrative as "a scheme by means of which human beings give meaning to theirexperience of temporality and personal actions." Stories are considered by teachers and educational researchers as oneof the most effective teaching methods [18]. Children enter school accomplished storytellers and fantasy players, yettheir talents for imagery and illusion are under-utilized [9]. Narratives are a valuable transformation tool for

2education. Story production develops content knowledge, structural knowledge of types of narratives [11], andcontext awareness by reflecting variations in the narrator-listener relationship. Traditionally, storytelling belonged tothe oral tradition. By using computational-augmented objects to tell stories [28, 7, 14], to the oral and writtenmodes, another dimension can be added: space.3. Gender issues in toy and game designA child�s initial introduction to digital technology is through computers or video games. Those who enjoy thegames become familiar and comfortable with computers and are more likely to pursue related interests. The games,designed mostly by men, tend to appeal primarily to male play styles. �Toys are the visible tools of earlysocialization, preparing children for adult roles� [16]. In 1989, 93.5% of computer science and engineering facultywas male, with one third of the departments having no female faculty at all [4].The gender-technology relationship is a negotiation. Gender itself is not an issue, but rather �the process ofidentification having as background the common social humanity of women and men.�[14]. Turkle[26] argues thatwomen have �computer reticence,� a �wanting to stay away because the computer becomes a personal and culturalsymbol of what a women is not.� By encouraging personal appropriation of technology, computers can be seen as agender-neutral expressive medium. A variety of studies have agreed on certain elements in gender-correlated playstyles [see Fig. 1]. There is a noticeable lack of female play strategies in computer games, which may explain girls�negative reactions towards them. Our projects use design alternatives which take advantage of how girls naturallyplay.Collaboration vs. competitionFriendship placed above winning.Prefer collaborative games, relationship development.CreationPrefer creation, pretend play: empowering activities.Meta-level of playStructuring the task or game, and acting/playing it out.Relevant to real worldPurposeful, real-life skill development.Problem-solving, analytical skill development.NarrativesCharacters, story lines preferred to speed, fast action.Figure 1: Female Play Strategies [10, 16, 13, 5, 19]4. Merging of the physical and digital worlds in interface designAlthough the mouse and keyboard metaphor dominates human-computer interface (HCI) design, there is a trendtowards ubiquitous computing and augmented reality [12, 27]. The design challenge is to create a seamless mergingof these two worlds, marrying the advantages of the digital world (networking, ease of abstraction) and the advantagesof the physical world (legibility of interface, multi-sensory interaction.). We are looking specifically at the effect ofsuch integrated interfaces with regard to children, gender differences, storytelling, and toys and games, by buildingupon the design concept of �tangible media� [12], and furthering the applications of computer-augmented toys [25].Barthes [1] writes that the child "creates forms which walk, which roll, he creates life not property: objects now actby themselves, they are no longer an inert and complicated material in the palm of his hand." In the early 70s hewas talking about simple inanimate toys. In the 90s, how can we use the computer to leverage the physicalcharacteristics of these objects without constraining the child’s natural tendency to "create life"?Three Design Prototypes

Family BlocksThe Family Blocks prototype was designed by Umaschi. The main goal of this game-like application is to usestorytelling and computationally-augmented toys to help kids learn about their family stories and narrative structure.This prototype is conceived to support activities that enable collection and categorization of family stories as well ascreation of fantasy stories based on family stories.ScenarioThere is a family with many stories to tell and a 12 year old girl, Pam, who loves to listen to those stories. Shewants to know about the people she sees everyday, and about those who she has never met. She wants pictures,maps, music and everything that helps her understand what it means to have "roots". Pam records her familystories and collects her favorite pictures. Then she builds a house using her Lego sets and digitally attaches thepictures and stories to her Lego characters. Pam behaves as a play writer by creating a fantasy story that involves allher Lego characters and her family stories. Later, Pam invites her friends to play with her Family Blocks and listento her favorite stories.

3ImplementationThis prototype was implemented using the resistor-based technology developed by Borovoy [2]. Each Lego objecthas a unique value which is read by the Handy Board[8]. This microcontroller talks via the serial port with amultimedia storytelling application specially designed with Macromedia Director to allow story planning. Thisapplication allows creation of stories by using a library of situation words like �who,� �where,� �when,� how,� and�what,� key elements for building story events. It also has a library of connective words like �so,� �then,� and�because,� employed by children to weave their sentences into a coherent story. Children plan the story in thecomputer and attach stories and images to the computationally-augmented toys. Afterwards, they can play by placingcharacters in the Lego house and observing what family stories are triggered in the different situations that theythemselves have set up.Family Blocks is an example of how the digital world and the physical world of toys can be integrated by providingdifferent activity frameworks for storytelling. The computer is used by the children to pre-plan and construct thefantasy story that will later be played back with the Lego objects. That fantasy story is composed by different familystories that are triggered when characters are placed in certain rooms. For example, when the grandmother is placed inthe kitchen facing the oven, a recipe is played back. This example highlights the importance of adding a spatialdimension to storytelling.

Rosebud

Maria, an eight year old girl, picks up a stuffed animal and the computer asks, with text on the screen and computerspeech, �Maria, what�s your toy�s name?� Maria types in �Harry.� The computer asks her about Harry: what�s heup to that day, what other toys does he know? Maria begins to share with the computer her stories about Harry.She then picks up Francis, a large stuffed animal cat, and tells stories about him as well. The computer remembersthe toys� names and keeps the stories, both audio and textual, in a constantly growing database. Later, when Mariashows her friends Harry, the computer plays back the toy�s stories.Maria and her brother Alex are building with Legos. Alex is building a huge rocket. Maria is building a city. Asshe builds, she tells stories about the places and the people who live there. Her animated descriptions are linked withthe Lego pieces and the stories are told back by moving the Lego structures or figurines. For example, if Prince Johngoes to the stables, the computer plays Maria�s story about the prince going on a quest. Another story-buildingpossibility is to build a tower or building where every Lego is a piece of the story. As a child takes apart or rebuildsthe structure, they hear each of the pieces. On the screen appear the written stories, which Maria edits with thecomputer�s encouragement.ImplementationThe Rosebud prototype was designed and is being implemented by Glos. The stuffed animal has within it an IRchip, designed by Poor [21], which transmits an identity signal the computer reads when the child picks it up andholds it in front of the computer. The computer can then link the audio and text stories to that particular ID tag, sothat a particular stuffed animal activates its own stories. An old teddy bear, handed down, might hold stories writtenby older siblings or their grandmother when she was young, giving the child a sense of family, history, continuity.The Legos, each with a resistor inside it, are placed on a baseplate, designed by Martin and Borovoy [17], whichscans the rows and columns looking for resistances. By placing Legos on the baseplate, they become interactive.The baseplate identifies the Legos by their resistances and, as the child builds upwards, continually adds up theresistances in order to identity growing structures. This information is transmitted to the computer and, in a mannersimilar to the stuffed animals, the computer can link various stories to particular Lego structures. The Lego figuresalso have unique resistances, so that when a Lego person is moved next to a structure, it also triggers a storyfragment. The baseplate serves as a story creation space, where the child can physically design stories of any typeand design the form of interaction as well. With Rosebud, rather than building only cars and spaceships, children canbuild stories.Children�s oral storytelling with their toys is a spontaneous form of storytelling, yet these stories are usually soonforgotten. With Rosebud, these transient stories can be preserved. Rosebud allows this natural form of storytellingto bootstrap children into a more formal type of story writing. The oral storytelling becomes the seed for a richinteraction, where the child learns about writing and editing, and is empowered by the act of creation and sharing thestory. The stories are preserved, becoming a rich source of history and memories [7], archiving the child�sdevelopment.

4Show & TellThis design is a physical instantiation of the old-fashioned round-robin story game in which kids collaborativelybuild a story by adding sentences. Show & Tell was implemented as a Wizard of Oz experiment by Umaschi.ScenarioA group of kids and a computer are sitting in a circle around a table. In the center, there is a Lego house with a bigLego clock and a microphone. The Lego clock signals, with a beep, the kid’s turn to pass the mike to someone elseto continue the story. The computer starts the game: "Last week, when the Benzons came back from vacations theyfound..." Suddenly a Lego object, a dog, barks. The first kid grabs the mike and continues the story: "...they found adog that was ....lost and the daughter ... found it and loved him and named him ..." The alarm beeps. Next kidcontinues: "Collie, yeah, she named the dog ...�The computer jumps in "and so, grandma entered the room..."While the narrator is telling the story, the other players are moving the Lego characters and objects and putting themin different places in the house. While they do so, different noises (steps, closing doors, etc.) or extremely shortstory triggering ("And so...," "Guess what?," etc.) may appear. The narrator has to incorporate in his/her story theactions that are happening in the Lego house. The children and the computer are creating a collective story that canbe played back afterwards. Some kids add their own noises or story triggers to the games, and Later, when theirfriends come over to play, they find a different storytelling game.DescriptionThis prototype has not been fully implemented. The Wizard of Oz version runs with the same hardware and softwaredescribed in the Family Blocks prototype. However, the underlying storytelling conception is very different. Show& Tell is a game with rules and a goal --weave collaboratively a coherent story. The computer, a play-partner, hasinformation about the toys placed in the game board. It can "jump in" at any time and surprise children by addingunexpected sentences to the story.The computationally-augmented Lego objects help children to easily imagine different stories and situations.Children tell stories by either recording their voices and attaching them to certain Lego objects or by moving thetoys in the game board and triggering sounds and stories already attached by the designer. By using a computationallyaugmented tangible game board located in a table in the center of a circle, everybody can participate and socialinteractions and cooperation are more likely to happen. Collective storytelling has already a long tradition inchildren’s games. The challenge is to leverage those games by incorporating technology. Some computer storytellinggames are looking to bridge geographical gaps by allowing collaborative real time story construction over the Web[20], Show & Tell specifically looks to enhance, with computationally-augmented toys, collaborative storytelling ofchildren who share the same physical space.ConclusionsComputationally-augmented toys are a powerful way of introducing children, especially girls, to the world oftechnology and storytelling. Each of these three projects explores one application design. Family Blocks focuseson culture and family stories. Rosebud concentrates on object history and memory. Show & Tell centers oncollaborative storytelling. The combined physical and digital interfaces benefits each application in a different way.Family Blocks allows children to build physical representations of their family stories. In Rosebud, the history ofan object can be stored with the object itself. In Show & Tell, the physical pieces allows for a highly cooperativestorytelling space.Future WorkWe are in the preliminary stages of user-testing the three prototypes described. We are examining how childreninteract with computationally-augmented toys by asking questions such as: How do the their interactions differfrom those with traditional computer games and toys, and how different storytelling styles are elicited by the differentmedia? What are the interaction differences between boys and girls? We are also developing more robust prototypes,aiming for greater multimedia integration, and adding computer understanding of story structure.AcknowledgmentsWe would like to thank Professors Justine Cassell, Mitch Resnick, and Hiroshi Ishii, for their advice and guidance;Interval Research Corp for providing support and invaluable feedback; undergraduate research assistants MatthewSakai, Tony Gonzalez, and Nicolas Estrada for their work on Rosebud; Fred Martin, Rick Borovoy for help withLegos and resistors; Brian Silverman for help with Director interfacing with the handyboard; Rob Poor, ManishTuteja, and Steve Gray for help with the iRX 2.0 board; Nick Montfort, Obed Torres for proof-reading. This

5research was supported in part by the Media Lab Things That Think and Digital Life consortia, and the GruppoGrauso Graduate Fellows program.References[1] Barthes, R. Mythologies. NY :The Noonday Press, 1972.[2] Borovoy, R. Genuine Object Oriented Programming. Unpublished MIT Master’s Thesis, Media Lab.Cambridge, MA, 1996.[3] Bruner, J. Actual minds. Possible worlds. Cambridge: Harvard University Press, 1986.[4] Frenkel, K. Women and Computing. Communications of the ACM, Nov 1990, v33.[5] Garvey, C. Play. Harvard University Press, Cambridge, MA, 1990.[6] Geertz, C. The interpretation of cultures, NY: Basic Books, 1973.[7] Glos, J., and Ullmer, B. POEMs: Physical Objects with Embedded Memories. Submitted to Proc. of CHI�97.[8] Gonzalez, J.A. Autotopographies. Prosthetic Territories: Politics and Hypertechnologies. G. Brahm Jr. and M.Driscoll, Eds. Westview Press, Boulder, CO, 1995.[9] Gussin Paley, V. Looking for Magpie. Another voice in the classroom, Teachers College press; New York:1995.[10] Hanscome, B. Beyond Chrome and Sizzle. Game Developer, February, 1995.[11] Hudson J. & Schapiro, L. "From knowing to telling: The development of children’s scripts, stories and personalnarratives" in Developing Narrative Structure, NJ: Lawrence Elbaum Asoc: 1991[12] Ishii, H. and Ullmer, B. Tangible Bits: Towards Seamless Interfaces between People, Bits, and Atoms.Submitted to Proc. of CHI�97, 1997.[13] Koch, Melissa. No Girls Allowed! Technos, vol. 3, no. 3, Fall 1994.[14] Kramarae, C. (ed.) Technology and Women�s Voices: Keeping in Touch.. Routledge & Kegan Paul, NY, NY,1988.[15] Linde, C. Life Stories. The creation of coherence.NY: Oxford University Press, 1993.[16] Lipman-Blumen, J. Gender Roles and Power. Prentice-Hall, Inc., Englewood Cliffs, NJ, 1984.[17] Martin, F. and Borovoy, R. The Active Lego Baseplate Project. World Wide Web document, 1994.http://lcs.www.media.mit.edu/people/fredm/projects/ab/[18] McEwan, Hunter and Egan, Kieran; Narrative in teaching, learning and research; Teachers College press; NewYork: 1995.[19] Morse, S. Why Girls Don�t Like Computer Games. AAUW Outlook, Winter 1995.[20] Polkinghorne, D. Narrative knowing and the Human Sciences. State Universtity of NY Press, 1988.[21] Poor, Robert. iRX 2.0 . . . Where Atoms Meet Bits. World Wide Web document, 1996.http://ttt.www.media.mit.edu/pia/Research/iRX2/index.html.[22] "Renga: the cyberstory" a web-based system that allows children tocollaboratively tell a story in real timeProfessor Justine Cassell, GNL Group, MIT Media Lab.http://renga.www.media.mit.edu/child-1010.html[23] Sargent, R., Resnick M., Martin F. & Silverman B. "Building and Learning with Programmable Bricks"Constructionism in Practice (ed. Kafai & Resnick), NJ: Lawrence Erlbaum, 1996.[24] Schank, R. & Abelson R. Knowledge and Memory: The Real Story. Advances in Social Cognition, VolumeVIII, 1-85.NJ: Lawrence Elbaum, 1995.[25] Small, D. and Ishii, H. Physical Interfaces: Building for the Hand, Eye, and Mind. Submitted to Proc. ofCHI�97, 1997.[26] Turkle, S. Computational Reticence: Why Women Fear the Intimate Machine. Bringing Technology Home:Gender and Technology in a Changing Europe. C. Cockburn and R. Furst-Dilic, Eds. Open University Press,Philadelphia, 1994.[27] Ullmer, B. and Ishii, H. The metaDESK: First Prototypes for Tangible User Interfaces. Submitted to Proc. ofCHI�97, 1997.[28] Umaschi, M. "SAGE Storytellers: Learning about Identity, Language and Technology" in Proceedings of ICLS96 (Chicago IL, July1996), AACE, 526-531.