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Abstract

There is a need for technological tools specifically designed to encourage self-reflection. Stories are
a good medium for this. This thesis presents a new approach to interactive storytelling: SAGE
(Storytelling Agent Generation Environment), a construction kit that enables children to create their
own wise storytellers. The children interact with their creations through both telling and listening to
stories, thus exploring their inner world.

In the SAGE environment, the storyteller is embodied in a programmable interactive stuffed animal
—a soft interface— to encourage children's emotional engagement. In order to support children as
designers, as well as users of the storytellers, a visual programming language was implemented.
With it they designed and programmed: 1) the scripts that the storyteller says, 2) the conversational
structure or flow of the interaction, 3) the body behaviors of the toy, and 4) the database of
narratives from which the storyteller selects a story relevant to the user.

This thesis presents technical aspects of SAGE's design and implementation as well as empirical
results from user studies and workshops. The results showed that children had a tendency to open
up and share their personal stories with the soft interactive interface. SAGE supported exploration
of identity issues in several ways. Storytellers were projections of children's fears, feelings,
interests and role models; they allowed the presentation of "the self" to themselves as well as
others. Through designing and testing the conversational structures of their characters, children
observed breakdowns in the interaction. This process engaged them in the exploration of notions
of communication. SAGE took advantage of children's knowledge about storytelling to introduce
them to the world of computer programming.
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0. Scenario

Tami comes home after school and has many stories to tell: she had a fight with her friend and she
is overwhelmed by the amount of homework she has to do. Tami needs to express herself. Instead
of writing in her diary, she grabs her interactive stuffed rabbit, turns it on by putting a big pink hat

on its head and the conversation starts.

Tami talks and the toy moves its ears and shakes its body as she speaks. Suddenly Tami stops and
the rabbit asks her a question regarding her concerns. Tami realizes that there is something else that
is bothering her. The toy’s feedback, in a non-judgmental style, enables Tami to tell her personal

stories and engage in an emotional relationship with herself.

When Tami has nothing else to say, the rabbit tells her a fairy tale about a princess in a similar
situation. But Tami doesn't like fairy tales. She takes off the pink hat and puts on a grandmother
hat. She wants to listen to what her grandma, who lives far away, would tell her as comfort. Tami
has a collection of hats that represent different storytellers, and she can download through them the
corresponding repertoire of stories from an on-line database. Using SAGE, the construction kit
software that comes with the toy, she can also create a character that represents herself and

contribute her own stories to the database.

Tami's older sister, Maria, is not interested in using the toy for self-reflection, she wants to learn
from and teach with it. So she hooks the rabbit to the computer and programs the needed changes
in its conversational style as well as in its body behaviors. For example, she programs the toy to
look at her while she is talking and she makes it talk with a Spanish accent. The pet tells stories
about it's homeland and asks questions regarding how it feels to be far away from home. Maria
will take her programmed interactive rabbit to her Social Sciences class next time they study

immigration.
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1. Introduction

"Buscar por el placer de buscar, no por el de encontrar.”

Jorge Luis Borges

1.1 i rch

Computers are evocative objects that can enable a self-reflective discourse (Turkle, 1984).
However, there is a lack of computer tools and programming environments explicitly designed to
impact on identity formation. SAGE (Storytelling Agent Generation Environment), a construction
kit that allows children to create their own wise storytellers, was designed with this explicit goal

and uses storytelling to achieve its purpose.

Stories are one of the many ways in which the self is presented to others and to ourselves. When
people communicate they often do it through telling stories about their experiences and by finding
personal relevance in other people’s stories. In this thesis I call this narrative activity, used with
explicit communicative goals, conversational personal storytelling. SAGE enables and enhances
this type of storytelling, as well as provides a framework for children to design and program their
own embodied interactive storytellers. This meta-level activity aims to support changes in the way

children think about themselves, and about storytelling and communication.

In everyday life, conversational personal storytelling is a communicational experience in which
storytelling is as important as story-listening. Computer environments can encourage people to
share their personal stories if we can set the appropriate context. At the same time, by supporting
children’s design of their own meaningful storytelling projects, learning about the self and the

worlds of narrative and technology is also possible.

The SAGE project focused on three research aspects:
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1) Designing and implementing a programming language with an embedded communication model

to support children’s creation of their own meaningful interactive storytellers.

2) Conducting research with children using SAGE. This research focused on two aspects:

+ understanding children’s interactions with previously designed storytellers and their interface
preferences,

+ exploring children’s notions of communication, storytelling and self in the authoring
experience of using SAGE to create their own interactive storytellers.

3) Embedding the storytelling agent into a physical toy with programmable verbal and non-verbal

behaviors in order to enhance emotional awareness.

1.2 Contribution

This thesis lies at the intersection between technological tools for learning, narrative and self. The
approach is interdisciplinary with contributions in three areas: theoretical, engineering and
empirical.

« Theoretical: integration of social and cognitive theories within the field of Media Arts & Sciences
in order to design computational environments well suited for children's interaction and learning.

+ Engineering: design and implementation of the SAGE programming language and integration of
the digital and the physical worlds (soft interfaces) focusing on applications oriented towards
education, narrative and self-awareness.

+ Empirical: conduct user studies as well as workshops with children in order to collect data that

allows understanding of phenomena with both a quantitative and qualitative methodology.

With my work on SAGE, I wish to contribute to the spreading notion that computers, as "a second
self" (Turkle,1984), provoke us to think about our own inner world. I firmly belief that this is one
of the computer’s most powerful roles in the development of a better world: a place in which our
children will be "sage" because they are more in touch with their own personal emotions, needs

and desires as well as with the history and values of their families and cultures.
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1 i i f r ivation

When I was eight and people asked me "What do you want to be when you grow up ?" I used to
surprise them by responding: "An ethologist. I want to study animal communication”. I kept that
idea for many years until school taught me to hate biology. So I dropped the word "animal" but
kept "communication". Five years of studying Social Communication in Argentina went by, some
of them working as a journalist, and a new word appeared: "computers". I came to the U.S.,

earned a Masters in Educational Technology, and then I joined the Media Lab.

In this thesis I am revisiting my early interest in animal communication, but from a different
perspective and with a different goal. This time it is not the ambition to teach a chimpanzee how to
talk. It is something else —more mundane but just as complex. It is the magic that happens when
people communicate with each other and with their pets. Pets don’t know anything about
semantics, syntax and grammar, but can no doubt react by giving feedback and enabling empathic
relationships. Leaving aside the question of the nature of pets’ feelings, it is clear to me that what
happens is that pets are a medium through which we communicate with ourselves. This kind of
communication is the same evoked by personal diaries or journals, but in a more powerful way
since the process of self-reflection is enhanced by feedback and emotional as well as physical

engagement.

In the current work, I am interested in developing technology that enables self-reflective types of
discourse in the same way that engaging with pets does. Following this interest, I decided to use
in my research computationally augmented soft interfaces, such as toys, to evoke emotional
awareness. The dream is to create a “good listener”, in a narrow sense, that enables people to open
up and explore their inner world thus becoming their own listeners to their own stories. My
research evolved from playing with the idea of creating a soft technological tool that evokes self-

reflection. The product became the first version of SAGE.
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I created a Hasidic sage, Rabbi Moshe Grois, inspired by my great great grandfather. It is not
surprising that the first storyteller I decided to build was a rabbi since many times I wished to
become one. Constructing a simulated rabbi was for me a way of "cycling through" different
aspects of myself (Turkle, 1996) and of experimenting with "what-if" questions that lead to
identity explorations. As a first step to create my character, I recalled my past interactions with my
rabbi teachers in Argentina as well as interviewed a couple of rabbis from the Boston areal! who
gave me interesting insights on the appropriate language used by American rabbis and on the
dynamics of rabbinical counseling conversations. For example, they pointed out ways of turn-

taking like "Nu" and traditional ways of avoiding answering precise questions.

From this anthropological experience that Clifford Geertz (1973) calls "being there", I developed a
set of general rules for the computer implementation:

Rabbis can relate stories to the values stated in the Ten Commandments.

.

*

Rabbis first listen to personal stories without interrupting to ask questions.

L]

Rabbis listen and paraphrase in order to help the teller re-tell his or her story.

Once the teller finishes, rabbis ask questions to find a relevant inspirational comforting story.

* Rabbis do not always need or want to understand the complex psycho-social context of the teller.
» Rabbis know that there is no perfect match between inspirational stories and personal stories.
They assume, however, that people will attribute meaning and interpret them according to their

individual situations.

Based on these generic rules, I worked on a turn-taking algorithm. I also analyzed and indexed the
Hasidic stories in the data-base. I selected fifty-four from different books, and I annotated which
Ten Commandments or values described their message. During the annotation process I started to

identify similar patterns among the stories. For example, the values "respect social justice" and the

IMoshe Waldoks, an expert on Jewish storytelling, Rabbi Posner and Rabbi Joshua Plaut were very helpful and
supportive for research on Jewish tradition. The scholar and translator Chris Cleary, for research on Taoism.
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nouns "charity" and "brotherhood" were very frequent. At that time, I didn't realize that through
the stories I was re-discovering the values of the Jewish tradition. Only when I created a second
sage, a Taoist master, and annotated his stories, I found a different pattern; the commandments

"respect to self-awareness” and the nouns "control" and "power" were the most salient.

My intuition said that the different patterns which emerged in the story annotation process reflected
some of the values of each culture. So I decided to go back to the source books. On the one hand, I
discovered that the version of the Tao I was using was written to guide the rulers of ancient China
and to show them the path to "The Way". On the other hand, I connected the difficult historical
times that gave birth to the Hasidic Movement in Eastern Europe to the message of love, pity and
forgiveness that its tales convey. To annotate the stories in my database and recognize emergent
patterns was one of the most powerful lessons of comparative religion I have ever had. By
building my own meaningful sage storytellers, I could sense the power of the constructionist
philosophy. And the experience was so powerful that I decided to devote my efforts to design a
construction kit that would allow other people, especially children, to create their own meaningful

storytellers and “listeners” for their personal stories.

1.4 Preview of this thesis
This thesis is structured in five main chapters. Chapter 2 addresses the context of the work and

related research in the areas of:

Interactive Storytelling: a situated approach for computational storytelling environments.
e Communication: narrative as a communication process of creating meaning.

e Psychology: the role of narrative in the construction of identity.

o Education: technological tools for learning.

¢ Interaction design: soft interfaces.

Chapter 3 describes the technical research aspects of the project:

e the design and implementation of the SAGE architecture.
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e the design and implementation of the SAGE graphical programming language.

e the design and implementation of the integrated physical and digital soft interface.

Chapter 4 describes experiment protocols and methodology used in the empirical research aspects

of the project and presents results of:

e user studies aimed at understanding children’s interactions with the system and interface
preferences.

e workshops aimed at understanding children’s notions of self, storytelling and communication

while designing and programming their own characters and communicational situations.

Chapter 5 presents analysis of learning stories showing the different types of experiences
supported by the SAGE authoring experience. Chapter 6 draws conclusions and summarizes work
accomplished. Chapter 7 addresses possible future directions in which problems with the actual
system and the research methods are described and solutions are proposed. Finally, a bibliographic

reference section and an appendix are presented.
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2. Context of the work

"In fact, just as there is an art of story-telling, strictly codified through a

thousand trials and errors, so there is also an art of listening, equally ancient and
noble."
Primo Levi
The Monkey's Wrench

I organized the theoretical framework of this thesis in five areas : 1) A situated approach for
interactive storytelling, 2) Narrative as a communication process, 3) The role of narrative in the
construction of identity 4) Technological construction kits for learning, and 5) Soft interfaces to tell

with. Every subsection will discuss research areas and then present SAGE's approach.

2.1 A si I interacti r i

Today most of the research on computers and storytelling focuses on interactive games, mystery
simulations, and theater metaphors (Laurel, 1993). Some work has been done on personal
narratives? and family stories (Don, 1990). My early project "Rabbi", continued this line
emphasizing the self-awareness possibilities of storytelling (Umaschi, 1996 a). Other work has
used computation to assist production and viewing of narrative structure models. For example,
"Agent Stories" (Brooks, 1997) is an environment for non-linear, cinematic story design and

presentation that can be used by story writers.

Some work in Artificial Intelligence has approached narrative with the vision that computers should
try to re-create the cognitive processes that people use to understand stories. In this area, research
has been done on producing models of the world that contain particular knowledge organized

around standard situations or cases (Schank & Riesbeck, 1981; Schank & Abelson, 1995). Other

2Several companies are recently focusing on new kinds of storytelling products. Mattel, Purple Moon and Girls Inc.,
for example, are trying to use narrative to reach the "girls" market.
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research (Suchman, 1987), growing from anthropology and ethnomethodology instead of
cognitive sciences, has proposed a theory of situated action as complementary to the traditional
planning approach. The emphasis is not on mental processes but on social relations produced

through the actions people take in the world.

The integration of both social and cognitive approaches was brought to the field of Artificial
Intelligence by Winograd and Flores (1986) to understand how meaning involves a social as well
as a mental dimension. Their work grows out of the philosophical tradition that includes
hermeneutics, the study of interpretation and making meaning, and phenomenology, the study of

the foundations of experience and action.

My research approaches stories as a cognitive as well as a socio-cultural process, conceiving
communication as a way to take action in the world. In SAGE, a strong sense of situational context
and a shared assumption about the socio-cultural role of the storyteller allow the user to find

coherence between his/her personal stories and the comforting stories retrieved by the system.

In conversational storytelling systems, where user's stories are matched with stories stored in a
database, work has been done in complex matching and indexing systems (Domeshek, 1992).
However in my research, where the goal is to get the user to tell a personal story and to construct
meaning out of a traditional story, the system doesn't need to be intelligent by itself, but rather can

pretend it is by providing adequate feedback (Thdrisson, 1996; Cassell et al., 1994).

Research has shown that the construction of emotionally believable characters with a limited field
of interaction is required to maintain the suspension of disbelief of the user (Bates et al., 1995).
The research presented in this thesis goes a step further within a genre defined by Murray (1991)
as "a parodic interactive character whose computational rigidities model recognizably human

types". SAGE offers a meta-level construction tool kit to build predictable characters. SAGE
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borrows from Eliza (Weizenbaum, 1976), Parry (Colby, 1975) and Julia (Mauldin, 1994) the
notion of a simple conversational system but, first, extends the domain to the world of narrative;
and second, allows storyteller construction as well as interaction. The SAGE construction kit
allows children to create storytellers with strong stereotypical characteristics and well-defined
domains that set up certain behavioral expectations. Given the appropriate socio-cultural context
and situation, without limiting user's expressiveness, people's construction of meaningful relations

and interpretations is possible.

2.2 Narrative as a communication process

I conceive of storytelling as a communication process in which meaning is constructed and
negotiated between teller and listener. Jakobson's theory of communication involves the
"encoding" of an idea into a signal by a sender, the transmission of this signal to a receiver, and the
"decoding" of the signal into a message by the receiver (Polkinghorne, 1988). This theory belongs
to the transmission model that Reddy calls "conduit metaphor” (1979) because it implies that
language transfers human thoughts and feelings. However, communication is not only a process of
transmitting information or symbols, but also one of making social commitments and
interpretations (Winograd & Flores,1986). Reddy calls this model of communication "the

toolmakers paradigm" because people are actively constructing meaning.

Narrative is one of the primary forms by which human experience is made meaningful.
Polkinghorne (1988) describes it as "a scheme by means of which human beings give meaning to
their experience of temporality and personal actions." My research focuses on a particular set of
narratives —conversational stories— described by Polanyi (1989) as highly structured linguistic
productions and by Miller et al. (1990) as face-to-face interactions in which self expression is

accomplished by the recounting of personal experience.
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Construction of narrative meaning happens in a communication process that includes a message, in
this case an unfolding personal story, as well as a speaker and a listener and their social conditions
of production and reception (Verdén, 1987). The unit of analysis is not information but human
action and interaction through language and non-verbal behavior. This unit is not produced in the
heads of the conversants, but in the social relationship that they establish in a given situation and

context (Bateson, 1972).

This view requires a shift from understanding language as description to understanding language
as action which roots can be found in speech act theory (Austin, 1962) as well as in the study of
communicative actions. Every communicative action constitutes an act of constructing meaning
through interpretation, using semiotic and discourse devices (Wertsch, 1991). Meaning is
fundamentally social and can't be reduced to isolated individuals. Although creation of meaning is
a cognitive process, it needs to be produced and understood in a cultural, historical and institutional
context. SAGE addresses these issues by providing a construction kit to design embodied

interactive characters and their context.

2.3 The role of narrative in th nstruction of identi

Learning about the self and the inner world is not an easy task and there is a lack of technology
especially designed to support this process. In order to construct our sense of self we use narrative
structure to give coherence to life in an unfolding and developing story. Narrative is the primary
form through which we understand and give meaning to our experiences (Polkinghorne, 1988). At
the individual level, we have a narration of our own lives which enables us to construe our role in

the world. At the cultural level, narrative gives cohesion to shared beliefs and transmit values.

Each culture or community has its repertoire of inspirational stories or "literature of the spirit" that
serves similar pedagogical functions as myths (Campbell, 1988). They indirectly transmit how to

live a good life and are not intended to match perfectly the listeners' situations; time, characters,
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historical period and plot may vary. It is believed that in the very act of finding relevance the
listener will find answers for his/her own situation. The power of this kind of storytelling lies in
enabling the listeners to learn more about themselves by constructing personal meaning and

interpretation.

Narrative seems to serve at least three vital functions:

1) A cognitive function: personal stories are fundamental constituents of human memory, and new
experiences are interpreted in terms of old stories (Schank & Abelson, 1995). Bruner (1986)
distinguishes two modes of thought that provide distinctive ways of ordering experience: the
paradigmatic or logico-scientific and the narrative.

2) A social function: conversational personal stories have an important role in the social
construction of the self from early childhood (Miller, 1990) and in the creation of coherent life
stories (Linde, 1993).

3) An emotional function: storytelling has been used in very different forms of psychotherapy
(Wigren, 1994). In fact, one view of psychotherapy is that it leads us to tell coherent life stories.
The value of tales has been explored by Erickson in hypnotherapy (Rosen, 1982) and in fairy tales
by Bettelheim (1976).

SAGE explicitly aims to enable children to explore their inner world, developing a better sense of
who they are and a set of values for constructing their role in the world. By designing and
interacting with their own meaningful characters they express their voice (Cassell, 1997) as well as
their identity. Through this verbal-play experience of storytelling, children can find not only
recreation but also self-cure (Erikson, 1950). To play is a function of the ego, an attempt to
synchronize the bodily and the social processes of growing up with the self. SAGE was specially
conceived to help children "play out" what is happening in their lives by telling and listening to

stories .
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The psychotherapist Carl Rogers (1961) defined the act of listening as one of the basis for a
helping relationship. He described this type of relationship as one in which the person can discover
within him or herself the possibility of growth. Rogers talked about helping relationships in which
the therapist is involved, however, we can extend this notion to the use of tools that allow the
person to become his or her own listener. Personal diaries and journals are good examples as well
as computational environments such as SAGE. My research aims to contribute to this area of self-

awarencss.

2.4 Technologi nstruction Ki r_learnin

Constructionism asserts that learners are likely to create new ideas when they are actively engaged
in making external artifacts that they can reflect upon and share with others (Papert, 1980). In the
light of this approach, my research focuses on building narratives and sage storytellers as

"evocative objects" that invite reflection about identity and communication (Turkle,1984, 1995).

Computational construction kits are tools that support children's design and construction of their
own projects (Resnick et al, 1996). SAGE is a construction kit that includes the two types of
connections required by constructionism: 1) personal connections: children can program their
interactive embodied storytellers according to their own culture and interests, and 2)
epistemological connections: SAGE encourages new ways of thinking about storytelling,

communication and the self.

Extensive work has been done within the constructionism educational philosophy on creating tools
to help children think in different ways about the sciences and mathematics (Harel & Papert,
1993). For example, microworlds such as Logo and Starlogo, an extension of Logo that allows
parallel processing to create decentralized systems (Resnick, 1994), support direct manipulation as
well as reflection about the programming process. Environments such as Boxer use two key

principles: the spatial metaphor to "encourage people to interpret the organization of the
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computational system in terms of spatial relationships" and naive realism as an extension of "what
you see is what you get" (diSessa & Abelson, 1986).Visual Agent Talk (Repenning, 1996), an end
user programming environment with a low threshold and a high ceiling, looks for a balance
between ease-of-use an expressiveness. However, little work has yet been done on how to design
technological tools that help children learn about themselves, cultural values (Hooper, 1996),

narrative and language (Bruckman,1994).

SAGE Storytellers contributes by providing an authoring environment and programming language
where children can create their own interactive storytellers. When children look at their own culture
and role models in order to detect communication patterns and characteristic vocabulary in
conversations, they behave as young ethnographers in search of data (Geertz, 1973). When
children build embodied storytellers and their underlying turn-taking rules and body movements,
they behave as designers as well as programmers. By creating their own simulated characters they
become explicitly aware of the structure of the conversation by anticipating breakdowns in their
turn-taking design —or finite state machines. Programming, in this case, is a vehicle for the
transformation of ways of thinking about the self and communication as well as for constructing

knowledge about technology.

2.5 Soft interfaces to tell with

The discipline of human-computer interaction is moving from a mouse and keyboard metaphor to
one of ubiquitous computing and tangible media (Ishii & Ullmer, 1997). The challenge is to
integrate the digital with the physical world, and research has been done looking specifically at
computationally-augmented toys for storytelling (Glos & Umaschi, 1997). Children establish

intimate relationships with their toys. The natural tendency to communicate at a deep level with soft
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objects can be leveraged by adding computational abilities so toys can give feedback® (Umaschi,

1997).

The psychologist Winnicott (1971) introduced the term "transitional object" to refer to the first
"not-me" infant's object. As time goes by, the first infant's "transitional object” becomes one of
many toys in the child's life. However, not all the objects have the same value: the favorite toy, as
described by Winnicott "must seem to the infant to give warmth, or to move, or to have texture, or

to do something that seems to show it has vitality or reality of its own."

Following this line and in order to support emotional engagement, SAGE embeds the storyteller in
a programmable interactive stuffed animal. Children can decide the toy’s communicative behaviors
as well as the different hats or personalities that it might have. The idea of an interface that
emphasizes emotional as well as cognitive engagement was explored by Laurel (1993) in her
dramatic theory of human-computer activity. My research extends this work to the domain of

conversational personal stories using a soft interface.

Roland Barthes (1972) suggests that the meaning and the use of an object, such as a toy, is a
semiotic problem and not a factual one. His claim is that objects lose their historical and ideological
qualities and are "naturalized" by the principle of myth that transforms history into nature. The
meaning of objects lies not only in what they are made of, but on the metaphors that they evoke.
This quote of the "The Velveteen Rabbit", by Margery Williams, makes the point: ” ‘What is real?’
asked the Rabbit one day... 'Does it mean having things that buzz inside you and a stick-out

handle?’ ‘Real isn't how you are made’, said the Skin Horse. 'It’s a thing that happens to you.

3In this line, Microsoft has developped a new interactive toy called Barney. The toy communicates with the PC
wirelessly and reacts to CD-ROM games that the child plays. However, the questions are: what do we understand by
feedback, an already programmed repetitive motion, or a behavior that responds to user's actions ? and, how long
would a child play with a toy that, at the beginning, seems alive and therefore creates higher expectations, and later,
can become repetitive and boring 7 My answer is that we need to create environments where children can be the
designers of their own toys and toy feedback abilities, as well as the users.
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When a child loves you for a long, long time, not just to play with, but really loves you, then you

become real.””

The metaphorical properties of objects are essential elements in exploring the world of narrative. If
much of our common cultural knowledge is structured as metaphoric models (Lakoff & Johnson,
1980), we need to understand what kinds of metaphors are evoked by the objects around us. In
this direction Dr. LegoHead (Borovoy, 1996), a computational construction environment, allows
children to build creatures out of high level Lego parts such as eyes and mouths. However, the
physical constraints of the Lego bricks, while well suited to building engineering and boy-like

constructions, can be very limiting in other domains.

Different materials have different characteristics and use different senses and engagement levels.
Druin (1987) started to explore this by building a gigantic furry animal called Noobie, an
alternative to the traditional computer terminal. For example, squeezing parts of Noobie, children
could observe the selected animal part on the screen in Noobie's stomach. Druin's purpose was to
create computer environments that do not deprive our senses and that emphasize emotional contact.

Similar goals are achieved by SAGE.
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3. SAGE Storytellers: technical implementation

"What is important is that people using the system recognize two critical things.
First, they are using the structures of their natural language to interact with a
system that does not understand the language but is able to manipulate some of
those structures. Second, the responses reflect a particular representation that was
created by some person or group of people."”

Terry Winograd & Fernando Flores

The LISP-based SAGE architecture* has three main components shown in figure 1:

e the SAGE computation module: in charge of parsing the user's story, expanding the keywords
through WordNet and performing the match with the comforting story in the database.

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

o the SAGE interface: the interactive toy (output) and the computer screen and keyboard (input).

Personal Comforting

Stori Story I

Tagging

V

Creaton WordNet Co mputatio n Selected Story

@Match

Construction
& Desgn

» Stories

Figure 1: The three components of SAGE: interface, computation module and programming language. The user can
engage with the system at the interacting level by telling a personal story and listening to a comforting story, or at
the authoring level by using the programming language to design his/her own storytelling characters.

4For a detailed explanation of the LISP code, see the SAGE documentation (programmer and user manual) available
as a Technical Report from the Gesture & Narrative Language Group at the MIT Media Laboratory.
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The SAGE computation module is in charge of the low level computation such as parsing the
user’s story, expanding the user’s keywords with related concepts through WordNet, searching
through the database of stories and retrieving the best story match. This level is not directly

accessed by the user (see sub-section 3.1).

The SAGE visually-based programming language (see sub-section 3.2) allows children to create
their own embodied interactive storytellers by designing and programming:

« the conversational flow and turn-taking rules,

+ the script for the storyteller ,

» the body behaviors of the interactive programmable toy, and

« the database of comforting stories.

The SAGE interface is the layer through which a user communicates with the system. The output
device is composed by an interactive stuffed animal with programmable body behaviors and the
computer screen with a graphical representation of a storyteller and his/her talking balloon and

speech/sound output. The input device is the keyboard (see sub-section 3.3).

The SAGE i |
The computation module is composed of three parts: a tagger, WordNet and a matcher. SAGE
parses user discourse through a part-of-speech tagger> that uses context to assign parts of speech
to words. It checks for personal pronouns in order to determine if the user is telling a personal
story and for keywords. In order to match the user's personal story with a comforting story in the
database, in each turn of the user, it assigns higher scores to the most repeated nouns and verbs
and expands them with related concepts found through WordNet (Miller et al.,1993; Sack, 1995).

For a simplified graphical representation of this process see figure 2.

5In the current SAGE version we use the Xerox Parc parser available through anonymous ftp.
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user-story database-story
(I'love my father) (Hasidic story about respecting
the family)

nouns verbs
(father) (respect)

WORDNET

......

......

synonym

synonym
(dad) oy

(look-upon)

hyponym
(son) hYPOHY m
(listen)

Fig. 2 shows how the tagger, the WordNet expansions and the matcher works.

WordNet is a hierarchical semantic lexical reference system in which nouns, verbs and adjectives
are organized into sets of synonyms each representing a concept. The synonym sets are linked by
semantic relations. SAGE uses the following relations: synonymy (symmetric), antonymy
(symmetric), hyponymy (hierarchical, supra-name) and hypernymy (hierarchical, super-name).
WordNet offers a list of alternatives that correspond to the requested semantic relation, but it
doesn’t resolve polysemy, the multiplicity of meaning, one of the main problems of dealing with

natural language®.

The matching algorithm attempts to maximize the similarity between the user input and the story in

the data-base. Each comforting story stored in the database is indexed with three descriptors?,

SProf. Ken Haase, head of the Machine Understanding Group at the Media Lab, and his students have been exploring
these issues for a long time.

TThe decision to annotate the stories by hand instead of automatically, responds to the educational goal of SAGE. To
annotate a story requires people to think about the point being made by that story. Moreover, automatic
computational story understanding is a very difficult problem.
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"Story Values", "Nouns" and "Verbs” (see Fig. 3). Those descriptors are expanded by WordNet
with related concepts such as synonyms, antonyms, hyponyms and hypernyms. For matching
purposes, the descriptors and their expansions are weighted as follows: the nouns and verbs
descriptors and their synonyms found through WordNet get a score of 2, all other expansions get a
score of 1, however story values and their expansions are scored 6 for synonyms and 3 for others.
The descriptor "story values” is weighted more heavily because it sets up the story domain. Below

is presented a matching example.

SAGE: Owen, I am Chuan-Tzu, the Taoist sage of the cyberspace who
seeks freedom from labeling things right or wrong. What is your age,

Owen ?
USER: 20
SAGE: I am 80 years older than you... I am older than the mountains

and the seas, while you, Owen are still young. What brings you to my
solitary place ?

USER: Well if you think there is nothing right or wrong, I don't see

how you can_help me.

SAGE: I see, but you are not alone in your quest for the Way. Owen,

let me tell you... The Sage accumulates nothing. Having used what he
had for others, he has even more. Having given what he had to others,
what he has is even greater. Have you grasped the meaning ?

The Taoist story matched in the data-base was indexed under the Descriptors "justice” and "help".

This is part of the run-time expansion done through WordNet in order to match a story from the

database:

ugser story with database story
matched aid(4): SYNONYM of help (2) with SYNONYM of help (2)
matched assist(1l): HYPONYM of help (1) with HYPONYM of help (1)
matched judge (6): HYPERNYM of think(l) with SYNONYM of justice(6)
matched propose (2): SYNONYM of think (2) with HYPERNYM of offer (1)

User stories are parsed into verbs and nouns. These keywords undergo a similar expansion and
scoring as the descriptors of the comforting stories in the database described above. A matching
story is found by ranking the stories in the database according to the number of matching
descriptors, i.e. a descriptor found in both user story and comforting story in the database.

Specifically, the rank of a story is equal to the sum of the products of the scores of each matching
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matching pair of descriptors. The pseudo-code to calculate the rank of comforting story X in the
data-base according to user story Y is as follows:

rank = 0

for each descriptor d of X

if d is in descriptors of Y
rank = rank + X_score(d) * Y_score(d)

The use of WordNet to expand user stories to match a comforting story from the database is not
always enough to help users find their own relevant connections between stories. WordNet
expansions sometimes take a very long time and yet do not always include the everyday vocabulary
that people use to tell their stories. In order to address this issue, a customized database of concepts
was implemented. This small database is composed of terms that children learn at an early age and
are commonly used. This is one feature of the research done on basic-level categories (Rosch &
Mervis, 1975). This customized database complements the super and subordinate levels set by

WordNet and the SAGE computation module access it as it accesses WordNet8,

In both the Taoist master and the Hassidic rabbi examples, the story values were selected
according to one of the universal values stated in the Ten Commandments. In the Bible, the Ten
Commandments are written in a negative form. However, when inverted to a positive form, they
seem to refer to respect for different life domains: God or a superior entity, self-awareness,
traditions, life cycles, family members, nature, commitment, things or objects, social justice and
people. The following Hasidic story was annotated in the database with this set of descriptors in
the form of a LISP list:

(score(story-value (justice others)) (noun (prayer)) (verb (being-equal
practice)) (file (hstory-11)))

81n the original SAGE design, children were supposed to be able to customize this vocabulary database. However, as
the implementation of the visual language began, this feature was not further developed.
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"A Jewish carriage driver came one day to see Reb Levi Yitzhak of Berditchev.
The driver was facing a religious problem and needed sage advice. "Rabbi," the
man began, "I want to be able to come to pray in the synagogue more often, so
that I may be in the presence of the Almighty. Here is my problem. I am always
so busy driving others around that I do not have the necessary time to pray
correctly. Maybe I ought to change my profession." Reb Levi looked at the man
and asked, "Are you fair in what you charge? Do you charge all people the same

fare?" "Of course, Rabbi," the driver answered. "But what about the very poor?
What do you do about them?" The driver said, simply, "I don't charge them at
all." Reb Levi said to the driver, "My son, you are already in the presence of

the Almighty. You just don't know it."

See section 4.1.2.2 for an evaluation of the story matching capabilities of SAGE.

3.2 The SAGE Programming Language

The SAGE programming language has an embedded communication model: turn-taking-based
storytelling conversations. The programming language has a graphical user interface that allows
children both to design storytellers to interact with and also to model different types of
communicational and storytelling situations. The design of the authoring environment is based on

the theoretical communication framework presented in the context of the work chapter.

The SAGE environment is composed by three main windows that can be chosen from a menu:

+ Character's creation: users create different facts about the lives of the sage storyteller and its
assistant, as well as load pictures of them (see figure 3).

+ Conversational Structure window: users design the conversational flow (see figure 4).

+ Database of stories: users can write or scan in comforting stories and record them with their
own voice. They can also categorize or annotate the stories with story values, and nouns and

verbs that they consider good descriptors of the main story points (see figure 6).
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The SAGE language has a palette with three sets of objects —turn-taking states, communicational
actions and parts of conversation— that can be placed in the conversational structure window.

These objects are intended to model the conversational storytelling interaction (Fig. 4).
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Figure 4: Programming language objects used to create the conversational flow.

The objects in the SAGE palette are:

1) Turn-Taking states that respond to the question "Who has the floor?":

e sage storyteller (S)

e assistant (A)

e user (U)

The states (S) and (A) have attributes or associated actions (puppet actions) that determine the
sequence of body behaviors of the interactive toy in each turn, i.e. "ears up" to show attention (see

figure 5).
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Figure 5 shows the window that pops up when the sage or assistant turns are double-clicked.

2) Communicational actions: these are the state transitions or arrows that convey conversational

actions such as requesting, accepting, rejecting and negotiating. Communicational actions have

scripts (or speech acts embodied in sentences) as attributes.

e requesting: (S) and (A) turn; ask for user input

e accepting and rejecting: (U) turn; requires matching user's input

¢ negotiating: (S) and (A) turn formed by a compound expression composed by either requesting
and accepting or requesting and rejecting. These compound expressions open and close inner
loops, or nested states, and require matching user's input.

3) Parts of conversation: meta-objects or meaningful parts of the interaction, such as introduction,

personal telling, etc., composed by the combination of turns and communicational actions. These

high-level or meta-objects are the more abstract parts of the conversation and create the

conversational storytelling plot.
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User input is recognized by a pattern-matching structure, set by the designer as a template in the
communicational action coming from the user. A particular input string is said to match with the
template if it fits the pattern described by that template. The match templates have a recursive
syntax based on primitives, combining forms and iterating forms?. For example, to match any
strings that contain the substring "yes", we can use: (seq (* any) "yes" (* any)).
However there are many other ways of saying "yes" without actually using that word. To account
for other affirmative responses, we created a match-macro command that can be edited according to

user preferences. In the "yes" example, the match-macro looks like this:

i Ways af Saging Word:
RN

Sntch enprassigne
CERG Ox GRYY PRRSR 1% NEO

Match-macros allow users to define custom match template forms giving flexibility to the system.
The syntax isn't English-like but it is a first step towards getting novices to work with language.

Further work needs to be done to implement more intuitive ways of analyzing user input.

9The syntax of match templates used by SAGE is a subset of the syntax of Prof. Szolovits's SMATCH pattern
language.
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Figure 6: The database of comforting stories window

The decision to create the SAGE programming language was made based on the belief that
programming is a tool that facilitates knowledge in other domains. While programming and
designing their own storytellers, children learn how to define goals, pre-plan and represent
communicational situations, categorize stories, make connections, test their ideas, reflect upon their
mistakes and modify their initial ideas. These skills are useful in different life domains, not only in
programming. For a good overview of different programming environments for children see

(Begel, 1997).
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The SAGE programming language has the following characteristics:
» Graphical user interface (GUI) : a standard graphical representation for children to easily create,
manipulate and edit their conversational flows by clicking and dragging objects such as story
events, turns and communicational actions off of a palette.
« Scaffolding: novice users can get started with their projects very quickly and later, after becoming
expert users, be challenged to develop further understanding and complex productions.
» Availability of examples: children can always look at other children's storytellers and use parts of
their code by "cutting", "pasting” or modifying it. SAGE is an open environment in which code is
always accessible by users. Everything is an example for others to use.
« Ease of use: the GUI allows children to create conversational flows in the same way that they
usually play pretend games, by planning "who" is going to say "what", and "when" (Cassell,
1997) while dragging objects to the conversational structure window off of a palette.
+ Limited domain: the SAGE programming language only allows the user to create directed

conversational storytelling situations.

The SAGE interf:
SAGE is specifically designed to promote children's emotional as well as cognitive engagement. In
order to achieve these goals I decided to use a soft interface: a programmable interactive stuffed
animal that can give verbal and body feedback. Since the technology is not yet available to create a
stand-alone interactive toy (the main obstacle is the lack of adequate speech recognition systems), I

integrated the computer with a physical toy.

To overcome technical difficulties, such as having a separate input (computer) and output device
(toy) I used narrative devices such as narrator's voice and point of view. For example, the
interactive conversation happens with the toy, which is the assistant of the sage storyteller that lives

on the computer screen. This character, with an internal microphone installed, can interactively
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respond to the user through a speech synthesizer!0. The assistant carries on the conversation and,
at a certain point, calls on the sage storyteller to tell a comforting story. The storyteller is a
character that lives in the computer. He or she is only in charge of telling the canned pre-recorded

comforting stories from the database.

This distributed model is observed in

traditional ways of counseling. For example,
in the old Hassidic movement the rabbi had an

assistant or disciple, the gabbi, who gathered

information from the visitor (Schachter-

gure 7: The interactive rabbit is the assistant of the Shalomi, 1991) and later called the rabbi to tell

Taoist storyteller displayed on the screen.
the relevant story or give the blessing. This

model can also be found in hospitals with doctors and nurses. The assistant helps to formalize the
input that needs to be accessed by the rabbi, the doctor or the storyteller, as in SAGE. This method
allowed me to create a more believable interaction by having a multi-party conversation between
user, sage's assistant (toy) and sage storyteller (computer) (see Figure 7). This was needed due to
the impossibility of pre-recording a response to every single user-input and therefore run-time
speech syntheses was required. However, this technology is not good enough to engage the user
to listen carefully to a story. Therefore, the stories were canned and pre-recorded by a human.

Despite this, interaction is still unbalanced: the focus of attention is in the computer for typing, and

in the toy for listening and watching its movements.

The stuffed toy has a set of hats with a small resistor whose unique value is read by the Handy

Board (Martin, 1995). This microcontroller interfaces, via a serial connection, the physical toy

10Since SAGE was developed in a Macintash-based platform, Macintalk was used for doing speech synthesis.
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with the SAGE software that resides in a Macintosh computer. It allows the system to know which

characters are loaded as well as controls the movements of the interactive programmable toy.

Actuators and circuitry have been given to one of the
stuffed animals, the rabbit, in order to provide
feedback to the user (see fig. 8). They can: 1)move the
ears from a straight up to a folded position in order to
signal attention, 2) rotate shoulders in order to convey
head and gaze direction, 3) light the pupils of the eyes
to show interest, 4) deliver audio from a speaker
hidden behind the mouth (Felsenstein, 1996). For
example, to show attention, when the rabbit becomes

a listener, its ears go up. As part of the authoring

experience, children are able to program the physical

behavioral responses of the toy as well as the verbal

Figure 8: the programmable interactive
rabbit and the Handy-Board. ones.

Section 4.1 presents and discusses user studies conducted with three different interfaces: a silent
screen with the sage storyteller, a combined version with sage and assistant (toy) and the stand-
alone interactive toy (Wizard of Oz technique). These studies were done in order to find children's

interface preferences.
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4. SAGE Storytellers: empirical research

"Les grandes personnes ne comprennent jamais rien toutes seules, et c'est
fatigant, pour les enfants, de toujours et toujours leur donner des explications."
Antoine de Saint-Exupéry
Le Petit Prince

In order to explore how children use SAGE, in its interacting and authoring mode, empirical
research was conducted!!. This chapter presents first, in the "Understanding Interactions" sub-
section, studies that explore children’s interface preferences and children’s interpretations of
traditional stories selected either through the matching algorithm or through a random matching.
Second, in the "Understanding Constructions" sub-section, it presents results of children’s

participation in workshops where they designed and programmed their own interactive storytellers.

4.1 Understanding Interaction

In order to understand children’s interactions with SAGE, two user studies were conducted12. The
first, called "Interfaces", was to explore interface preferences. The tested interfaces were:

» a stand-alone interactive toy (through a "Wizard of Oz"13 experiment)

+ asilent screen

+ a combined interactive toy - talking screen.

The second study, called "Interpretations", was to explore the relevance that children attributed to

the comforting stories offered by the system. I looked at results for stories selected by means of a

HChildren and their parents signed a consent form in which the studies were explained to them and they gave their
permission to be videotaped and have results published, keeping anonymity.

12 Those user studies were conducted during the summer of 1996 in the context of a Fellowship at Interval Research
Corporation.

13 A "Wizard of Oz" experiment is a simulation technique used to develop and test dialogue models prior to
implementation. In each session, a "wizard" simulates the interaction strictly following an algorithm. The advantage
of using the prototyping method is that problems of interaction can be solved before the final implementation of the
system.
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matching algorithm and those selected randomly. Both of these studies were videotaped. This

chapter describes both user studies and presents qualitative and quantitative results.

4.1.1 Description of user studies

All the subjects —twelve children, boys and girls with ages between 11 and 13— had a Jewish
background and were tested using the rabbi sage and his pet assistant, the interactive stuffed rabbit.
Children were assumed to be very familiar with the Jewish tradition and the moral story's genre

and knew what to expect from a counseling type of encounter with a rabbi.

4.1.1.1 Interfaces

The questions explored in the interface study were:

« What interface helps children feel emotionally engaged, share their personal stories and find
easier connections with the comforting Hassidic stories ?

« What are children’s interface preferences ?

» What kind of extracurricular activities correlate with liking SAGE ?

The user study was conducted testing three different conditions:

1) Silent screen: children can input information only through the keyboard. The system responds
through a silent graphical cartoon-like representation of a rabbi on the screen.

2) Combined screen and toy: children can input information only through the keyboard. The
system responds with text-to-speech when the conversation happens with the rabbi's assistant (an
interactive stuffed rabbit) and recorded human voice when the cartoon-like character, the rabbi,
offers a comforting story.

3) Interactive Toy: There is no screen. The rabbit maintains the conversation and tells stories to the
children. A "wizard" simulates the speech recognition by typing what he/she hears into the system.
The "wizard" also acknowledges the child's gaze and tactile information and accordingly controls

the body movements of the rabbit.
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Each subject was tested with each of the three interfaces and completed a questionnaire with a
Likert scale test (see appendix A). After doing so they orally shared their overall experience in an
extended personal interview. Conditions were counterbalanced as follows:

» Subjects 1&2: Silent screen, Combined, Toy

*  Subjects 3&4: Silent screen, Toy, Combined

*  Subjects 5&6: Combined, Silent screen, Toy

+ Subjects 7&8: Combined, Toy, Silent screen

+ Subjects 9&10: Toy, Silent screen, Combined

+ Subjects 11&12: Toy, Combined, Silent screen

4.1.1.2 Interpretations

The questions explored in the “Interpretations” study were:

+ how "smart" does the system need to be in order to allow children to make interpretations and
find personal relevance in Hasidic stories?

» according to children's perception of story's relevance, is SAGE’s matching algorithm

performing satisfactorily ?

The user study was conducted with the silent screen interface only. The comforting stories offered
by the system were randomly selected either by means of a matching algorithm or by a random
matching. All the children blindly experienced both matching conditions. In order to explore the
questions, the SAGE program asked the children if the offered comforting story made sense to
them and what the connection was. To make sure that those answers were thought out carefully,

the children were questioned later about their responses.

44



4.1.2 Results and Discussion

4.1.2.1 Interfaces Study

Among a total of 12 children, 50 % (6 children) preferred the combined interface, 33 % the
interactive stand-alone toy and 17 % the silent screen (Fig. 9). This preference for the combined
interface, as shown later, can be explained in terms of imperfection of speech synthesis and
attractiveness of the toy. Results are not statistically significant; the number of tested subjects is too

small to make generalizations.

Interface Preferences

Silent Pref
17%

Toy Pref
33%

Combined Pref
50%

Figure 9: The combined interface was preferred by children.

The argument given by children who preferred the combined interface is well represented by
Marie!4, a fifth grader: “It is neat to use the computer and also hear the bunny talking and see him
moving. If I didn’t understand some of the words I could just look on the screen and read them.
The rabbit was cute and it is better if it moves because it expresses itself a little more and

sometimes it even makes it easier to understand.” Marie's statement suggests that technical

14All children’s names have been changed.

45



problems, such as the bad quality of speech, make the combined interface better than the stand-

alone toy.

Children who said that they do not play with stuffed animals liked the toy interface less than
children who do play with stuffed animals. Privacy seems to be the main issue for this group of
children. Amy, a sixth grader who preferred the silent screen interface, puts it this way: “I like to
be a little more private. I don’t like to say things out loud because everybody can hear. The bunny

talks and people can hear my story.”

All the tested children said that in general they like to read. However, not all of them like to do it in
their free time. A significant difference was found between children who enjoy reading in their free
time as one of their favorite activities and children who don’t (p <.05). This last group of children

liked best the overall SAGE environment (see Fig. 10 below).

SAGE SAGE preferences

Not like

L SAGE
Fig. 10: Children who do not like to read in their free time liked SAGE more than those who do.
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Surprisingly, children who do not choose to read in their free time preferred the silent screen
interface, where the only possibility of engagement is through reading (see fig. 11 below).

However, there was no statistical significance found.

Interface preferences of readers and not readers

Like Interface
4.5 A
4

3.5

3
2.5
2
1.5
1

0O Read in free time
B No read in free time

0.5

0
Don't like toy silent combined

interface
Fig 11: Children who don’t like to read in their free time preferred the silent interface.

The tendency shown above might seem surprising. Laura, a representative of the group of children
who do not like to read in their free time, gives an insight that helps us understand this preference
for the silent screen: “When the rabbit was talking, it was a little bit harder to understand [the
stories] than reading them. They didn’t stick in my mind as well.” Laura refers to the bad speech
quality of the text-to-speech synthesizer. Children who do not like to read in their free time are not
so comfortable with just hearing a story. They also want to be able to follow it by reading it on the

screen. Taking this into consideration, it is possible to venture that SAGE can be used as a tool to

introduce children to the world of language and reading.

Children who in their free time like to do social or communicational activities, i.e. talking on the

phone and getting together with friends, preferred the soft interfaces: the interactive toy and the
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combined interface (Fig. 12). However, these results are not statistically significant and are only an
observed tendency of the tested twelve subjects. Interacting with the toy is seen by the children as
an action close to the experience of talking with a human in the sense that there is no distance
imposed by the keyboard, and the body movements of the toy also seem to emulate human
communication. However, children pointed out some of the key communicational cues missing.
Robert, a 12-year-old who expressed his preference for the interactive toy said: “I liked better just
the doll, with no computer. But there are some really awkward sort of pauses and stuff where it
might not have picked up what I said. So, I guess it was harder to have a real conversation. Well,
I mean, what would happen is I would say something and just sit there, and the doll showed no
signs of picking up what I said. I wasn't sure whether to repeat it or say it again. If the bunny just
shifted positions every time it picked up what you were saying, it would be a lot easier.” Robert's
request addresses the need to incorporate body back-channel as well as verbal back-channel. This
is important because, as Gombert (1992) suggested, children need both verbal and physical
feedback in order to communicate well: "If children produce ambiguous messages is because they
do not relay on the verbal channel alone. They count with the physical presence of the

interlocutor."
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Interface preferences of communicators and no-communicators

Like interface
4

3.5

3

2.5

O Communicate w/friends
B No Communicate w/friends

2

1.5

1

0.5

0
Don't like
interface

Fig. 12: The toy and the combined interfaces are preferred by children who in their free time communicate with
friends.

toy silent ' combined

Marie, who preferred the combined interface, says: “The screen [silent interface] didn’t seem as
comfortable in a way because it was just words on a screen. It didn’t feel like somebody was
talking to you.” Daniel preferred the interactive toy interface but had certain concerns: “Well, I'd
take the idea of being able to interact with just the rabbit because that was fun. I liked it being oral
because then you could just talk and you didn't have to worry about how you wanted to write. But

make it easier to understand.” Daniel's comment refers to the bad quality of the speech-

synthesizer.
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Aaron, a ten-year- old boy who engaged with the toy in a very conversational style!s, says: “The
screen was sort of impersonal. I had no sense of talking to a person [...] and you're not inclined
to say what you would really feel or want to tell someone. With the computer it's hard to get away
from the fact that you're typing something in and you're not talking to somebody. And there's no
sense of them being there. It's just a screen. And it's really hard to take away that.” Most of the

children seem to prefer the soft interfaces.

Not surprisingly, children who have troubles sharing their concerns and do not like to tell personal
experiences needed more turns or questions from the storyteller in order to open up and share their
personal stories, independent of the interface. This tendency is shown in Fig. 13. Note that the

baseline is 1 since the storyteller always asks at least one time.

Overall turns need to tell a personal story

1.7
1.65
1.6
1.55
1.5
1.45
1.4
1.35

1.3
Turns don't tell do tell
needed stories

stories

Fig. 11: Children who don’t tell personal stories needed more turns to open up.
However, figure 14 shows the tendency that, using the silent interface, children needed more turns

to open up and tell a personal story. The presence of an interactive stuffed animal seems to foster

15 Aaron ‘s interaction with the toy was especially interesting in the natural way in which he engaged with the toy,
not only asking the toy questions which they toy —of course— didn’t answer, but also commenting on how cute it
was and how well its hat fit. Aaron also talked with the toy using gestures and smiles and not just words.
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children’s engagement since, overall, with both the combined and the toy interfaces children

needed an average of 1.2 questions from the storyteller in order to share their personal problems.

turns to Interfaces and number of turns needed to open up

tell
2.5 -

15 +=—. . . ..

05 +— - . ..

silent combined toy

Fig. 14: Children needed less turns to open up with the toy and combined interface

Aaron explains why he would like to take the interactive toy with him: “If the bunny was at home
then I'd probably go to him, or my mom or dad depending on my problem. If I was confused
about something not very serious I probably would ask him, because it's not really necessary to
bring your parents into everything you do. But if | had any thing more serious I'd definitely talk to
my parents. But because of a friend's party or a soccer practice I don't need to. Only if it is a little
more serious than soccer.” Aaron's explanation is relieving. It shows that children do not think of
SAGE as a replacement of their parents or listeners, but as another resource to enable them to share
their problems. SAGE was conceived with that purpose in mind, and was based on the assumption

that today, most of the children know that computers, by themselves, are not good counselors for

delicate issues!®.

16 When, in 1984, Sherry Turkle did her study about children's conceptions of the "intelligent machine”, the
personal computer was a novelty. Today most of the children, especially fifth graders, have pretty good intuitions
about how computers work and know that they need to be programmed by someone in advance. However, they
might still regard the computer as "something”" worth listening to.
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4.1.2.2 Interpretations Study

By setting the appropriate socio-cultural background and setting the right psycho-social
expectations, a system like SAGE doesn’t require complex matching algorithms nor natural
language processing. Children who know what to expect from traditional stories (are familiar with
the genre) and from encounters with sage storytellers, are able to make connections and construct
meaning out of the offered comforting stories. They also understand what is expected from them

when asked to share a personal story.

Finding sense in the stories and making meaning out of them is one of the main requisites for
SAGE to succeed in both its learning and entertainment goals. Children who found sense in the
stories offered by the computer had a perception of having learned better than children who
couldn’t make sense out of the stories (Fig. 15). Children found different things they learned: the
stories, how to resolve their problems and how the technology works. Each child was requested to
specify what he or she considered as "valuable learning” while using SAGE. Even though the
number of tested subjects is small —twelve— there is a statistical significant correlation between
finding sense in the stories and children’s perception of having learned with SAGE (r =0.84, p <
.01). This result might seem intuitive, but, it is important to report it since learning is associated

with understanding and making interpretations.

52



0 1 2 3 4 5

Sense in the stories

Fig 15: Correlation between making sense out of the stories and self-perception of learning with SAGE.

There is also a significant correlation between liking the system and finding sense in the stories,
(r=10.79, p < 0.1). Children who liked the system better are children who could make sense out of
the offered stories and were more actively engaged in the process of making interpretations (see
fig. 16). It may also be that children who liked SAGE tried harder to make sense out of the stories.
Peter says: "I liked how during the stories at the end he asked you how does it relate to your story.
And so with the clear voice [recorded human voice], it's much easier to relate things, because you
understand a little better.” In the same lines, after interacting with the rabbi, Bernard says: "l
guess sort of the nature of the advice I received is so that I can come to a conclusion, instead of

being told what the conclusion should be.”
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Fig 16: Correlation between liking SAGE and being able to make sense out of the stories.

There is a tendency towards the more story events in user's story, the more developed the personal
narrative, the better the matching algorithm performs, and the higher score the matching received.
The matching shows a tendency to be affected by the amount of information (story events) given

by the user. In figure 17 we can see the tendency that the more information, the higher the score.
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Fig. 17: correlation tendency, the more story events in user's story, the better matching algorithm performance.
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In the future, it might be interesting to do a correlation between the score of the matching algorithm
and the user's perceived relevance of the selected database story. Figure 18 shows a tendency that
children needed more comforting stories offered by the computer in order to find connections with
their own stories with the random matching than with the matching algorithm. There is no

statistical significance, but the algorithm may help the children to find connections sooner.

numper of M andom
::c;g:nsted Oalgorithm

matching

Fig. 18: children needed less stories to find relevance with the algorithm than with the random matching.

Figure 18 shows that the matching algorithm might be useful for selecting relevant stories.
However, I observed a tendency that when the user tells a personal coherent and cohesive story,
relevance is found independently of the performance of the matching algorithm to select a

comforting story.

A discourse analysis of the logs —saved interactions with SAGE— showed that children's stories
shared with the system can be divided into two groups: 1) coherent and cohesive personal stories,
in which story events unfold keeping the same topic and maintaining the same referents; and 2)

non-coherent and non-cohesive stories that are not always personal. Children who emotionally
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engaged with SAGE by telling personal coherent and cohesive stories were more likely to make
connections with the comforting stories offered by the system, independent of the score given by

the matching algorithm or the random selection method.

Below I present three cases that support this. The cases represent three different situations in which
a comforting story was selected: with a high score, with a low score and through a random
matching. Logs show that in all three cases, independent of the matching technique, children were

able to find personal relevance.

Case 1: Carlos, a ten-year-old, told a coherent and cohesive personal story and the matching
algorithm returned a story with a very high score of 217. Carlos found that story relevant for his

situation.

SAGE: Nu, Shalom... oy vey...I can't remember your name, you are ?
USER: Carlos

SAGE: You seem a little shy , Carlos. I also was shy to tell stories,
but since my father and my grandfather were Hasidic Rabbis I knew I
had to become one. That is the way it is.Nu,Carlos, how old are you ?
USER: 12

SAGE: Oy vey, I am 78 years older than you. You know Daniel , a story
is more than a story...a story has power. Nu, what is troubling you ?
USER: Nothing really

SAGE: No story ? Nu, Carlos, what brings you here?

USER: Well sometimes I have trouble inviting people to my house, even
though I always have fun when I do.

SAGE: I see Carlos...what else do you have to share with this old
rabbi?

USER: Well lots of times my parents try to make me invite someone
over, which I don't like.

SAGE: Oy vey... go on, Carlos.

USER: But when they do make me and I finally invite someone over I
have fun. But whenever they don't make me I don't do anything. I
want to know how I can have someone over without my parents making
me.

SAGE: Oy va voy, Carlos let me see if this rabbi understands.
Sometimes you have trouble inviting people to your house, even though
you always have fun when you do. Well lots of times your parents try
to make you invite someone over, which you don't like. But when they
do make you and you finally invite someone over you have fun. But
whenever they don't make you don't do anything. vyou want to know how
you can have someone over without your parents making you. Is this
right ?

USER: Yes
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SAGE: Your situation reminds me of a story. Remember, there is power
on the stories. The Vorker Rabbi discussed the saying in the Ethis
which reads: "He who says, What is mine is mine... , his son is a
neutral character: some say, this is a character like that of
Sodom." He said: "A man is asked to give charity. He answers: "What
is mine is for mine. I prefer to assist members of my own family.'
This is a sign of a mediocre personality; one of a higher character
assists strangers as well. Some other men when asked to make a
donation to charity, 'say' they will do so later, but they actually
gave nothing. They are comparable to the inhabitants of Sodom."
Carlos,do you see the point of this story related to your own story ?
USER: I think so.

SAGE: Good, Carlos. Please share with me your thoughts. I am curious
USER: Well I think when I don't have anything to do I should invite
someone over instead of prolonging the situation until it is too
late.

SAGE: Baruch Ha Shem, you got the power of the story... So look, I
have to go now. Carlos, don't stop telling stories. Maybe someday you
might also become a Hasidic Rabbi. May the Lord, Source of Life,
bless you Carlos with peace, and may you find your inner peace. Amen

CASE 2: Erica's and Ben's logs support the same statement but in exactly the opposite way from
Daniel's case. Both children told a coherent and cohesive personal story and the story selected by
the matching algorithm showed a very low score (34 in Erica's case and 17 in Ben's). However,
both found the story relevant and were able to make personal connections. Excerpts from their logs

are presented.

USER: I had a problem in Hebrew school where I didn't know the
alphabet that good and everybody else did from the year before but I
wasn't there the year before.

SAGE: Please continue, Erica, this may not be a synagogue but we
still have no secrets.

USER: Every body teased me and made fun of me

SAGE: Nu, keep talking, Erica.

USER: I'm done

SAGE: Rabbi Sholom DovBer was deep in thought, struggling with some
elusive idea deep in the recesses of his mighty mind. A bowl of soup
had been set before him some time earlier, but the Rebbe was in
another world; sharp lines of concentration plowed his forehead as he
sat gazing into the bowl and slowly stirring the soup with his spoon.
The Rebbe's servant, who assumed that the Rebbe must be searching for
the egg noodles, exclaimed: "Rebbe, dig in further! The lokshen lies
deeper down." A wave of contentment passed over the Rebbe's tensed
features. "Thank you," he said to his servant, "You have revived my
soul."

SAGE: Nu, Erica, do you see the point of Rabbi Grois's story related
to your own story?

USER: The servant sort of made fun of the guy because he couldn't
find the noodles like people made fun of me

SAGE: Erica, could you explain me the connection ? I don't get it.
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USER: the servant sort of teased the guy like everybody teased me

USER: My brother and I don’t get along often. How can I help fix
that? SAGE: Please continue, Ben, this may not be a synagogue but we
still have no secrets.

USER: Well, we fight a lot and occasionally say things we may not
mean.

SAGE: Oy vey... go on, Ben.

USER: It is often hard for us to get along during prolonged
interaction, like car rides.

SAGE: Two brothers lived in Jerusalem in the same house. One of the
brothers had a wife and children, while the other brother remained
unmarried. At harvest time, they divided all the work equally. One
night the unmarried brother thought "I have only myself to care for,
while my brother has a family. Why then, should our portions be equal
when his need is greater than mine?" The brother took some sheaves
from his pile and added them to his brother's pile. On that same
night, the married brother thought, "It is not right that my brother
and I have equal sheaves, for I am happier and he is all alone." So
the married brother put some of his sheaves on the single brother's
pile. Next morning the brothers were both surprised, for the piles
were still equal.

SAGE: Now, do you get the idea?

USER: Yes

SAGE: Ben, could you explain me the connection ? I don't get it.
USER: The brothers each demonstrated kindness toward each other and
all was well. Thus, if I be nice to my brother, he will return the
kindness.

CASE 3: Carl and Whitton told a coherent and cohesive personal story. The offered comforting
stories were selected through a random matching. Both children found the story relevant for their

situation. The following are excerpts from their interaction logs.

USER: Well at my old school I really liked my teachers and I'm not
sure if I'1l1l like the teachers as much that's all

SAGE: Let me tell you, Carl. A man asked the Kotzker Rabbi to pray
for him in order that his sons might study the Torah diligently. The
Rabbi replied: "If your sons will see that you are a diligent
student, they will imitate you. But if you neglect your own studies,
and merely wish your sons to study, the result will be that they
will do likewise when they grow up. They will neglect the Torah
themselves and desire that their sons do the studying. You
understand now, Carl ?

USER: well that just need to be confident and if I just be myself
things will turn out OK

SAGE: Carl, could you explain me the connection ? I don't get it.
USER: That if I act normally and not get up tight so will the other
people at the school just like in the story if the man was a good
example for his sons then they would follow in his footsteps.

USER: Ok, last year at my Hebrew School we had our annual bible
quiz. I was one of the top students in my class so I we chosen to be
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in the Bible Quiz. I was the second to oldest on my team. As it
turned out I was the only person who had studied on my team so I had
to answer all the questions. which made it really unfair. When the
Bible Quiz was done our team got third place which made me really
upset because I had wanted to get first place that year. I have been
on the Bible Quiz each year at my Hebrew school. My friends told me
not to be disappointed but I still was.

SAGE: The Romans introduced many foreign practices into Israel when
they conquered the land. One of these practices involved "games" that
consisted of contests between men and wild beasts or between men.
When the fighters faced each other, they were to fight to the death.
When one gladiator was about to kill another, the victor would look
up to the audience for advice, waiting for a "thumbs up" , which was
a death sentence for the defeated gladiator. Jews were horrified with
this cruel activity. Rabbis were almost unanimous in declaring that
Jews should not attend these events voluntarily. No Jew, it was
argued should seek to find pleasure when one human being kills
another human being. Rabbi Nathan, however, disagreed with this view.
He said that Jews should not only go to these sporting events, but
once there, they should shout. When asked why, Rabbi Nathan explained
that a Jew should go and always scream "thumbs down!" By doing so it
was possible that a life could be saved.

SAGE: Nu, Whitton do you get it?

USER: Sort of. That every thing has many sides to it and that maybe
it wasn't all my team's fault.

These three cases show that, independent of the matching method, children where able to find
relevance with their own stories. Humans are meaning-making machines and the more we think
about our problems, t