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Abstract

Although recent years have seenan explosion in
educational technology, there is still a lack of
computational tools specifically designed to
encourage explorationf identity and communication
issues. Storytelling is a good medium for this tgpe
explorationas it enablesreflection about the inner
world. This paper presentsa new approach to
interactive storytelling: SAGE (Storytelling Agent
Generation Environment), a construction kit that
supports children’s creation of their own wise
storytellers to interact with. In this system,
programmingis a vehicle for the transformationof
ways of thinking about communication as wadifor
constructing knowledge about technology. In order to
encouragechildren's emotional engagementin the
SAGE environment, the storytellers are
embodiedn an interactive stuffedanimal — a soft
interface — which is also programmableby the
children. This paper presentssome technical aspects
of SAGE's design and implementation éoduseson
empirical results from researchwith children using
SAGE.

1. Introduction

Computersare evocativeobjects that can enable a
self-reflectivediscourse[47]However,thereis a lack
of computertools and programmingenvironments
explicitly designedo impact on identity formation.
SAGE (Storytelling AgentGenerationEnvironment),
a constructionkit that allows childrento createtheir
own wise storytellers, was designed witts explicit
goal and uses storytelling to achieve its purpose.
Storiesare one of the manywaysin which
the self is presented to othemsdto ourselves When
peoplecommunicatehey often do it throughtelling
stories about their experiences and by finding personal

relevance in other people’s stories. SAGE encourages,
enables and enhances this type of storytellingyels

as providesa framework for childrento design and
programtheir own embodiedinteractive storytellers.
This latter, meta-level,activity supportschangesin

the way childrenthink about themselvesand about
storytelling as a communicative activity.

Thus, SAGE supports two modes of
engagement. In the first, storytelling interaction,
childrenareinvited to talk abouttheir lives with a
wise old sage,who listens andthen offers a relevant
traditional tale in response. In the secostdryteller-
designing interaction, children are invited to add to the
library of wise old sagesby designingtheir own
storyteller for themselvesand other children to
interact with.  In order to support children as
designers,as well as users, of the storytellers, a
visual programming language was implemented.
With it they designednd programmed?) the scripts
that areusedby the storyteller,2) the conversational
structureor flow of the interaction, 3) the body
behaviors of the toy —which behaves as the
storyteller'sassistantand 4) the databaseof stories
that are offered in response by the storyteller.

2. Context of the work

Although little researchhas been done on how
technology can be used émcouragechildrento learn
about their inner worlds, a fair amountof research
existsin relevantfields thatimpactupon this issue.
In what follows we presenta theoreticalframework,
drawing from researchin areassuch as narrative
theory, psychology, interactive fiction, artificial

intelligence, human-computer interaction, and
education.

2.1 Telling and listening to stories

Narrative is the primary form through which we
understand and giveeaningto our experience$39].



At the individual level, a narrativeof our own lives

enablesus to construeour role in the world. At the

cultural level, narrative gives cohesionto shared
beliefsandtransmittedvalues. At the family level,

storytelling isused-- evenunwittingly -- by parents
to enculturatechildren-- to teachthem what stories
are appropriateand important, and how to become
competentellers of the storiesof the family’s life

[31].

Our researcliocuseson a particularkind of narrative
—conversationalstories of personal experience—
described by Polanyi [38] as highly structured
linguistic productions found in the context of

everyday talk.

Narrative, including conversational storiefs
personal experience, serves at least three vital
functions:

1) A cognitive function. Personal stories are
fundamental constituents of human memauyg new
experiences are interpretad termsof old storiesand
generalized story scripts [2,45]. Bruner [8]
distinguishestwo modes of thought that provide
distinctive ways of ordering and understanding
experiencethe paradigmaticor logico-scientific and
the narrative. The latter contributesto what we call
“intuitive understanding”.

2) A social function.  The tales that one
knows andcantell definethe social group or culture
to which one belongs[49]. Myths, legends,and
traditional stories provide a sense of continuity
betweengenerations. Life storiesaretold and retold
by adults accordingto certain conventionsand in
many different contexts [27].

3) An emotionalfunction. Storytelling has
beenusedin very different forms of psychotherapy
[54]. The emotionalvalue of taleshasbeenexplored
by Ericksonin hypnotherapy{42] andin fairy tales
by Bettelheim [4]. As Anna Freud [17], Erikrikson
[16], and otherdaveshown,throughthe verbal-play
experienceof storytelling, childrencanfind not only
recreation but also self-cure.

For all thesereasons,it is important for
children and adults to have a place to tell tiséiries.
SAGE was conceived to help children "play out" what
is happening in their lives bielling andlistening to
stories. In interaction mode, SAGE explicitly
encourages children to tell the stories of their lives. In
design modeSAGE allows childrento also play the
role of awise old personlistening and respondingto
other's stories. Taken together,thesetwo modes
allow childrento find and expressheir voice [10] as
well as their identity.

2.2 Technology meets storytelling

To date most of the researchon computersand
storytelling has focused on interactive games,
mystery simulations, and interactive fiction ——

although see [14,26].Interactivegamesand mystery
simulations present a plot by way of short
descriptionsof characterand places,and they allow

usersto navigate through the spacesand find out

more about theharactersinteractivefiction presents
a short story or novel in a hypertextformat -- the

branchingnodesallow usersto reada different story

each time by choosing different links.  Unlike

personal narratives, this work concentraiashow to

adapt fiction by professional authors to the

constraintsand possibilities of the computer. Other
work hasusedcomputationto assistproductionand

viewing of narrative structure modefisr cinema.For

example,"Agent Stories"[6] is an environmentfor

non-linear,cinematic story design and presentation
that can be used by cinematic story writers.

Interactivestorytelling for childrenhasbeen
limited to interactive fiction of the type described
above, and so-called storytelling systems that
encouragechildren to tell storiesby giving them a
choice of first sentences, a setobfaractergo arrange
on the screenas inspiration, or sampleillustrations
for their story. Many of the products produdadthe
new ‘girl game’ companies,attempting to make
technologythat is appealingto girls, fall into this
category.

Some work in Artificial Intelligence has
approached narrative with the vision thatas a step
towards machine understanding with  broad
applicability — computershouldtry to re-createthe
cognitive processeghat people use to understand
stories. In this area, researchhas been done on
producing models ofhe world that containparticular
knowledge organizedaround standard situations or
cased44]. This story understandingesearchdepends
on a theoryof narrativeas primarily constitutedby
goalsandactionsin the contextof plans. Another
tradition in Al, drawing from anthropology and
ethnomethodologynsteadof cognitive science,has

proposed a theory of situated action as complementary

to the traditional planning approach [46]. The
emphasiss not on mental processesut on social
relations producethroughthe actionspeopletakein

the world. The integration of social and cognitive
approachedas also beenproposed[56]. Theories
that include an understandingof how meaning
involves a socialaswell asa mental dimensionare
more compatiblavith the notion of storiesas social
as well as cognitive artifacts.

Recently, alternativesto the whole Al
approachhavebeenproposedn the form of a focus
on believability over ability. Research has shown
that the construction of emotionally believable
characterswith a limited field of interaction can
maintainthe suspensiorof disbeliefof the user[3].
However, choice of a character modelis key. The
most successfulis "a parodic interactive character
whose computationalrigidities model recognizably



human types" [32]. SAGE offers a meta-level
constructiontool kit to build exactly this sort of

predictable character. SAGE borrofwem Eliza [52],

Parry [11] and Julia [29] the notion of a simple
conversationakystemwith a well-defined character
but, first, extendsthe domain to the world of

narrative,andsecondallows storyteller construction
as well as interaction.

2.3 Learning by telling

The educationalphilosophy of constructionism[33,
35] assertghat learnersarelikely to have accessto
more and different kinds of new ideaswhen they are
building things that they can reflect upon and share
with others in their learning community. In thght
of this approach SAGE focuseson the building of
stories and sage storytellers as "evocative objects"
[47,48] that invite reflection about identity and
communication.

Extensive work has been done within
constructionismon creating tools to help children
think in different ways about the sciencesand
mathematic§22]. For example,educationakoftware
such as Logo supports direct manipulation and
creation of computational artifacts as well as
reflection about the programming process [36].
Starlogo is an extensioof Logo that allows parallel
processing and invites childrentio createand reflect
on decentralized systems [41fEnvironmentssuchas
Boxer use the spatial metaphoratfjectson a screen
to "encouragepeopleto interpretthe organizationof
the computational system in terms of spatial
relationships" [12]. However, little work has yaten
done on designing technological tools that help
children learn about themselves, cultural values,
narrative and language —although see [51,23,7].

Within  the constructionist approach,
computational construction kits are tools teapport
children's design and construction of their own
projects within some domain [40]. SAGE is a
construction kit that includes the two types of
connectiongequiredby constructionisnto bootstrap

learning: 1) personal connections: children can
program their interactive embodied storytellers
accordingto their own culture and interests,and 2)

epistemologicatonnectionsSAGE encouragesew
ways of thinking aboutstorytelling, communication
and the self.

2.4 Thingsto tell with

The discipline of human-computerinteraction is
moving from GUI to TUI — from a mouse and
keyboard to ubiguitous computing atahgible media
[24]. The challengeis to unite the digital with the
physical world so as to integrate the power of
computing seamlesslyinto everyday life, and to
exploit the affordancesof everydayobjectsin the
construction of computing interfaces. Different
materials have different characteristics, engage
different senses and support different types of
exploration. For example, Dr. LegoHead [5], a
computational construction environment, allows
children to build creaturesout of high level Lego
parts such as eyes and mouths, thus exploring
powerful ideas about the nature of metaphor and
shared understanding [1].

Stuffed animalsare an exampleof an object
whose emotional affordancescan be exploited in
building computational interfaces for children.
Children establishintimate relationshipswith their
toys [13,19]. The naturaltendencyto communicate
at a deeplevel with soft objectscanbe leveragedy
adding computational abilities so toys can give
feedback [50]. The result is computationally-
augmented toys for storytelling [18].

The psychologistWinnicott [55] introduced
the term "transitional object” to refer to the fitabt-
me" infant's object. However, not all the objebtve
the samevalue: the favorite toy, as described by
Winnicott "mustseemto the infant to give warmth,
or to move, or to havetexture, or to do something
that seemsto show it has vitality or reality of its
own."
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Figure 1: The three components of SAGE: interface, computation module and

Druin [15] exploredthe idea of an interface that

emphasizes emotional as well as cognitive
engagement by building a gigantic furry animalled

Noobie, an alternativeto the traditional computer
terminal. For example,squeezingparts of Noobie,

children could observe the selecttimal part on the

screenin Noobie'sstomach.Following this line and

in order to support emotional engagementSAGE

embeds the sage storyteller in a programmable
interactive stuffed animal —a soft interface. The

stuffed animal is capableof some of the types of

nonverbal behaviors that humans use to indicate
engagement,and that are commonly found in

conversational narratives between people [9]. In

interaction mode, children can watch the stuffed
animal move as they conversewith it. In design
mode, children can decide on the tog@mmunicative
behaviors as welis the different personalitieghat it

might have.

3. Design and Implementation

SAGE wasdesignedo supportthe creationof wise

storytellers who always have a story at hand relaied

the user's experiences.Children can engage with
SAGE in two modes:1) by choosingfrom a library

of sage storytellers and then telling personal stories to

that personaand2) by creatingtheir own characters
and storytelling interactions.

The LISP-based SAGE architecturasthree
main components as shown in Figure 1:

» the SAGE computationmodule: in charge of
parsing the user'story, expandingkeywordsand
performinga matchbetweenthe user’s personal
story and a comforting story in the database.

» the SAGE programming language: used by
children to design their own interactive
characters.

» the SAGE interface: the interactive toy, the
screen (output) and the keyboard (input).

3.1 The computation module

The SAGE computation module is in charge of
processinghe user’sstory andretrieving a story for
the sagestorytellerto give in reply. The processs
asfollows: The user'sstory is parsed. Nouns and
verbsare extractedfrom the parseand submittedto
WordNet, a hierarchical semantic lexical reference
systemin which nouns, verbs and adjectives are
organized into sets of related concepts [30,43].
Different keywords that can be grouped under one
single conceptesultin weighting that conceptmore
highly than othersin the list. The weightednouns
and verbs are matched against nouns and verbs
indexing storiesn the story databaseThe story that
is most like the user'sstory — that dealswith the

same themes — is retrieved and told to the user. This

level is not directly accessed by the user

3.2 The programming language



The SAGE programminglanguagehas a graphical
user interface that allows children both to design

and placing them in the conversationalstructure
window in order to model the conversational
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Figure 2: Programming language objects used to create the conversational flow.

Parts of Conversation

storytellers to interact with and also to model different

typesof communicationand storytelling situations.
The environmensupportschildren'screationof their
own embodiedinteractive storytellers by providing
three windows that can be chosen from a mamiin

which design takes place:

» Character's creation: children describe
different factsaboutthe lives of the sagestoryteller
and an optional storytellers assistant —the
interactive stuffed toy. These facts will determine
how the storyteller (and assistant)interact with the
user. Users alsosethis window to load picturesof
them (scannedphotosor sketchegddonein a drawing
program).

» ConversationaStructurewindow: children
design the conversationalflow by selecting off a
palette three sets of objects —turn-taking states,
communicativeactions and parts of conversation—

storytelling interaction (see Figure 2). In order to
help children understand what these abstract
coversationalunits are, children always have the
option of referring to — and/or copying/modifying —
the conversational structure window of existant
storytellers designed by previous users.

» Database of stories: users aarte or scan
in comforting stories in text; they also have the
possibility of recordingcomforting stories in their
own voice. It is in this window, too, that children
categorizeor annotatethe storieswith story values,
and nouns and verbs that they consider good
descriptorsof the main story points, in order to
determinewhen a story is matchedto a user’sinput
story.

The SAGE programminglanguagehas the
following characteristics:



» Graphicaluserinterface(GUI) : a standard
graphical representatidior childrento easily create,
manipulate and edit conversational flows.

» Scaffolding: novice users can get started
with their projects quickly. Later, however, after
becoming expertisers,childrenremainchallengedo
develop further understanding and complex
productions.

» Availability of examples: children can
always look at other children'sstorytellers and use
parts of their code by "cutting”, "pasting” or
modifying it.

» Easeof use:the GUI allows children to
create conversationfibw in the sameway that they
usually play pretendgames,by planning "who" is
going to say "what", and "when".

* Limited domain:the SAGE programming
languageonly allows the user to create directed
conversationaktorytelling situations. The natureof
the conversational system is always machine-

controlled —mixed-initiative is not readily an option.

3.3 Theinterface

The SAGE interface is the layer through whichser
communicates with theystem.The output deviceis
composed of an interactive stuffed animal with
programmable body behaviors and the computer
screen witha graphicalrepresentatiomf a storyteller
andhis/hertalking balloon and speech/soundutput.
The input device is the keyboard.

Since thetechnologyis not yet availableto
create a stand-alone interactiey (the main obstacle
being the lack of adequate speeehognitionsystems
for children’s speech),we integratedthe computer

with a physical toy. Output is multimodal, and input

is typed text only. In ordetio explainthe absenceof

symetryin the interaction,in interactionmode the
stuffedanimal is presentedas being the assistantof

the sage storyteller that lives ¢ime computerscreen.
This assistant character, with arternal microphone,
can interactively respond to the uslerougha speech
synthesizer. The sage storytellepiesentedis being
a charactetthat lives in the computer.He or sheis

only in chargeof telling the pre-recordedeal-voice
comforting stories from the database.

Children choosewhich sagestoryteller they
wish to interact withby placing different hatson the
stuffedanimal. The stuffedanimalhasa setof hats
with a small resistorwhoseuniquevalue is read by
the Handy Board [28]. This microcontrolletterfaces,
via a serial connection,the physical stuffed animal
with the SAGE software running on a Macintosh
computer. It allows the system to know which
characteris loaded at any given moment, and it
controls the movements of the interactive
programmable stuffed animal (see figure 3).

Figure 3: the programmable interactive
rabbit (wearing a yalmulke, and holding
the hat of a Taoist Sage) and the
Handy-Board.

4. Empirical Research

We claim that the SAGE storytelling systemis an
example of how technology cde usedto encourage
children to reflect about their inner life, and to
support their learning about narrative and

communication. In this section we describe empirical

research that investigates this claim.

4.1 Description of workshops

Several pilot studies were conducted to examine
children’sinteractionswith the sagestorytellers,and
their ability to build their own sages. Our earliest
research showettat childrenwerein fact quite ready
to engagedeeply with sagesthat we had designed.
Children opened up willingly to tell personal
problemsto both the Rabbi and the Taoist scholar
sage [50]. And the nature of th@ingagementvas no
different whether they understodigde workings of the
implementation, or believed that the computer
understoodsomethingdeepaboutthem. This result
led us to believethat childrenwould also be able to
interact with sages of their own design.

Research was conducted with fouaithd fifth
graders in order to test SAGE's impactstarytelling
awarenessself-reflection skills and the interaction
between these skills and technological fluency.



Children of this age are almost adult-like in their
narrative productions [25,21] batestill not capable
of explicit meta-linguistic comments about the
structure ofnarrative[20]. Likewise, Americanfifth

graders are in general familiar with computer
applicationsbut, for the most part, are not fluent
programmers. The generalclaim hereis that SAGE
integratesprogrammingand storytelling skills by
supporting the design and modeling of abstract

structures, needed and used in both set of activities.

In orderto understancchildren’s designand
creation of their own meaningful storytelletao-day
weekend workshops were conducted athhié Media
Laboratory.  Children were solicited for the
workshops through local schools and personal
connections. Children who participated in the
workshopscamefrom a rangeof backgrounds,and
were not  particularly
Workshopswere conductedwith two groups of four
children: two girls andtwo boys per group. Each
workshop comprised one pre-study personal
interview, twofull daysof designand programming,
one post-study personal interview, and one
demonstratiorfor the parentsgiven by the children.
Eachchild workedon a separatecomputerto design
andprograma storytellerof his/herchoice,and kept
his/her own designnotebookwith ideas, problems,
etc.

The methodologyused for the study was
basedon an ethnographicapproach,with a natural
observation method, extendpdrsonalinterviewsand
an experimental task. lorderto avoid "technocentric
guestions"[34], the methodologywas centeredon
what children do with SAGE and not what SAGE
does to children.

4.2 The presentation of the self
In building a sage,children designedthat personto

whom they wished they could turn with their
problems. But it is essentialto note that the sage

that they designed is also an aspect of the inneofife

the child designer. That is, since the children were
creating their owrcharacterand databasesf stories,
they were alsglaying with different notions of self,

and creatingor imitating the narrative voices they
wantedor neededo hear.One might claim that the
children were simply imitating images afle models
that they had perceivedin their environment. But

imitation is linked to understanding.As Piaget[37]

said, "Imitation is always a continuation of

understandingbut in the direction of differentiation
with respectto new models." Children created
storytellersas projectionsof fears,feelings,interests
and role models. These projections allowed the
presentatiorof the self to themselvesas well as to

others.

computer-competent.

Out of a total of eight storytellers
built during the workshops, three were based on
actual characters or people: Doug;aatooncharacter,
Tera Randof, basedon a mixture of a real sports
figure and family members of the author, and
Shaquille O’'Neil, a well-known basketballplayer.
The other five characters welfietional, althoughtwo
of them, Spot andthe Big OrangeFox, clearly tell
stories based on the authors' personal experiences.

During the WorkshopsTracyl, a ten-year-
old girl with no previous programmingexperience,
created Tera Randof, a twelve-year-old female
basketballplayefwho will becomea sports figure”
like the onesTracy admires.In the post-interview,
Tracy revealed thafera’s personalityis a mixture of
Tracy'smotherandgrandmotherandthat the stories
that Tera tellsare Tracy'smother’schildhoodstories.
Tracy createdthe characterand the conversational
structure,as well as wrote all the stories in the
database.By interactingwith her own programmed
storytellerover and over again, Tracy improved the
program. Inthe process,Tracy also reflectedon how
peoplebecomegoodlisteners. And, despitethe fact
that she was interacting witlnstorytellerof her own
design, Tracy shared real personal problems, and
engaged with the program to make sense oativice
being given.

The following interaction between Tracy
and her sagestorytellertook placeduring the design
process.

SAGE : Hello my name is Tera
Randof. I am 12 years old. I
love basketball. | play center
on my school team. Anyway enough

about me what's your name?

USER : My name is Tracy.

SAGE: As | told wyou | am 12
You are probably 10 or 11. Am |
right?

USER : Yes. | am 10.

SAGE : Wow! | guessed vyour age
right? Great! I have a lot of

problems like wondering if my
team is going to win the big game
or if I will mess it up for

everyone. Please tell me a

problem you have.

USER : | am sad because my
parents told me that we can't
take my dog on vacations with us,

so | will miss him.

SAGE : Your problem reminded me
of this  story. Kerri is my best
friend. Kerri knows everything

1 Names of children and other identifying details have been
changed.



about me and | know everything
about her. Every Friday we sleep

over each others houses.
Switching houses each week. This
week it was at my house. I got
the usual snacks: popcorn, pizza,

chips, soda, and candy. A few
hours later Kerri came by with
her sleeping bag. You could tell

she was in a bad mood. | asked
her to lighten up, and she
snapped, "Fine." and left. | was

stunned. What was her problem?
| waited the few minutes that it
took for her to walk home then
called her. Her mom answered. |

askedto talk to Kaerri. Her mom
said Kerri doesn't feel like
talking to you right now. Kerri
didn't talk to me in school for a

month. Then | got the horrible
news: my mom got a great job in
LA so we were moving therel
Kerri didn't even come over to

say good-bye. | have never seen
or talked to her since. Maybe
she wasn't really my  best

friend.Did you like that story?
Did you understand the moral of
it? Please tell me what you think

that story meant.

USER : You didn't see your friend

ever again, but | will see my dog

when we come back from vacation.

| guess that is not that bad.

SAGE : Good job! | think you
understand the  story. Well |
better go or I might miss
basketball practice. I really

liked talking to you. Hope to se
you soon. See yal
USER : Ok, bye!

Tracy created a very coherent and developed
personality for Tera Randof. And the stories that
Tracy createdfor Terato tell are complex linguistic
and narrative constructions which skillfully use
reportedspeechand tenseshifts to create suspense,
which lead up to @&urprisingdenouementand which
convey a complex message.

Tracy is only one of the many casesin
which we observed,by analyzing the logs of the

interactions, that a deep knowledge of how the system

works doesn't affect emotional engagementand
sharing of a personalproblem. At the sametime,
Tracy'sknowledgeof how SAGE works allowed her
to reflectaboutthe natureof sharingproblemsin a
deeperway and compareit with herintuitions about

how people help onether:“A personalreadyknows
how to reactto a questionbut the computerdoesn't.
You haveto feedin information about what to say
and that is like creating a mind and a personality. [
.] When people communicatbey take an experience
they had otthink of somethingthat the other person
might want to hear, a same sort of problem,
something familiar or similar and they just tell it. ”

4.3 Storytelling and programming skills

In the following examplewe look at the interaction
betweenthe formal representatiof human-machine
dialogue, and intuitive understanding of how
conversational storytelling works.

Mother Natureis a storytellerwith a lot of
personality,and good conversationakkills, created
by Mischa, a fourth-grader who wants tod&acher
whenshegrowsup. Mischa createda very complex
conversational structure that has two parallel
branches, one for people who likelie in natureand
one for people who do not. Shecidedto index her
stories in the databasecordingto differenttopicsin
nature: flowersanimals,rain, etc. She reportedthat,
despite her lack gbreviousprogrammingexperience,
she loved SAGHbecaus€it is a programfor you to
make another program" amgmonstratedher nascent
understandin@f the formal aspectf what she was
doing when she admittedthat she found it hard to
"type all the possibilities for what a person [user]
might say".

Below is a log from an interaction with
Mother Nature.The story offeredby Mother Nature,
written by Mischa, reflects not only Mischa’s love
for nature and understanding of conversational
storytelling, but also her experience during the
workshop, where she wrote stories about different
animals in nature.

SAGE : Hello,I'm Mother
Nature.What is your name?

USER : Mira

SAGE : | am very old. I am

already  3183! How old are you?
Please tell me in numbers.

USER : 24

SAGE : Well youre not too old
honey! So,do you like to be in
nature? | live in it!

USER : yes

SAGE : That is very nice! So have

you ever done something good for
nature?

USER : yes

SAGE: Oh,OK now | will tell you
some stories.First | need you to
tell me what your favorite thing



in nature is because | might know

a story about it!

USER : animals

SAGE : In school Julie had to
list all  the animals she could
list not including insects or sea

animals. Julie was a very
creative girl and she thought it
would  be boring just listing

them. She wanted to make up a
creative story about them. So she

asked her teacher if she could.
Her teacher, Ms.Corty, said that
was fine. As soon as Julie was
home she started right on her
story  about animals. For each
animal she wrote an adventure.
Her first animal was the dog.
Julie loved dogs! The story was
about a little dog who could not
talk nor make a sound. He
thought he had the worst life but

he really had the best a puppy
could have! Even though he could
not talk he had a special talent.

He could dance better than any
dog or human being. Now he knew
this but no one else did. The
little puppy thought dogs should
not dance so he did dance in an
alley where almost no one goes.
But one day a super star searcher

was doing his job and found the

puppy. Soon the little dog was
bigger than  Michael Jackson!
Julie finished the stories of the

animals and brought it to
school. She got an A+. Julie was

so happy! The End!

USER : thanks !

SAGE : I hope you liked my story!

| have to go and make it rain in
Hong Kong! Good bye.

USER : bye

In the post-interview, reflecting on her authoring
experience,Mischa said: "The most fun part was
working on the computer amatogrammingkind of a
game for people to use. | liked creating whatight
say andthe questionsand the structureand writing

the stories and | learned that people can type
anything and that you always have to be prepared
because people might type not just "yes" or "hat,

for example"l guessso”, so you haveto usemore
branches”. Basedon her understandingf stories as
reflecting what one knows about particular topics,
Mischa createda storyteller who retrievesa story
about a particular topic, ratherthan a story that is

comforting. Mischa’s understandingpf storytelling
bootstrappecher understandingof programming—
that one has to be ready with an output for any input.

SAGE facilitatesthe explorationof notions
of communicationas children observeconversational
breakdowns in their own and othemsteractionswith
the createdcharactersThe most frequently observed
communication breakdown was due to children's
difficulty in decenteringand designinginteractionsin
which otherpeople,different from themselvesgcould
participate. By decenteringwe meanthe ability to
imagine a conversational interaction from the point of
view of anotherinterlocutor [21]. That is, more
generally, the moving out of the phase of
egocentrism wherene cannotdifferentiatesomebody
else’s point of view from one’s own [37]. The
iterative design experience, which involved
programming and immediate testing with a real
audience —themselves, their parents and other
children— gavechildrenthe opportunityto decenter
and debug their conversational structures after
observing other people’s interactions.
Communicationand computationabugs are not the
same, and both becomeexplicit with the use of
SAGE in its authoring mode.

5. Conclusions

In this paper we discussed the importance of
technological tools specificallgesignedo encourage
children’'s exploration of the identity and
communication. We proposed personal storytelisg
a way to access thaner world aswell asto explore
notions of communication.Constructionism— the
notion that learners atikely to haveaccesdo more
and different kinds of new ideas when they are
building things that they can reflect upon and share
with others in theidlearningcommunity — informed
the educational goals of our work.

We presented thdesignandimplementation
of sucha technologicaltool; SAGE, a construction
kit to create embodiedinteractive storytellers with
whom one can converse. We describedchildren’s
interactionswith the SAGE tool, concentratingon
case studies that exemplified the results of our
researchon children’s authoring experienceswith
SAGE.

On the self-reflective side, children created
storytellersas projectionsof fears,feelings,interests
and role-models and these storytellers allowieittiren
to exploretheir own inner life, aswell asto present
themselvego others. On the communicationside,
children createdstorytellersthat exemplified many
different kinds of conversationalstorytelling, and
allowed the sharing of different problems. Both
aspectswere supported by the iterative design
experiencewhich allowed childrento decenter and



debug after observing other people’s interactions
with the storytellers they created.
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