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Abstract

This paper describes a developmental systemsagipto applied developmental
sciences (ADS) which provides a framework to desigd evaluate technology-rich programs
that promote positive development by emphasiziegstrengths and assets of people, instead of
focusing on diminishing or preventing risk-takinghawiors. Up to now, most of the psycho
educational programs conceived within the ADS mda@ede not focused on the role of new
technologies in young people's lives. This absénparticularly striking given that, in today’s
world, new technologies play an important role iffietient areas of the lives of young people,
such as education, entertainment, socializationcantmunication. This article presents the
concept of Identity Construction Environments (IC&) interdisciplinary model that proposes
guidelines to design and study new technologiepgm@fully created to promote positive youth
development (PYD). Two types of ICE have been dged: one focusing on stand-alone
technologies for learning, such as the Zora virtitgt and the other focusing on an approach for
developing technologically-rich learning contexdsch as the Project Inter-Actions robotics
workshops. This paper presents both examples ofal@Edescribes how their design fosters the
six components of PYD (6 C’s). Initial findings fropilot studies conducted with very different
populations of youth, such as young children, agtmats and chronically ill children, engaged in

both types of ICE, are presented.
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A theoretical framework

A developmental systems approach to ADS provideamaework to design and evaluate
programs and policies that promote positive devakqt in young people by emphasizing their
strengths and assets, instead of focusing on dilnimy or preventing risk-taking behaviors.
Most of the psycho educational programs conceivigdsimthe ADS model have not attended to
the role of new technologies in young people'sslivie have limited their use for information
delivery or retrieval. This omission is particulastriking given that, in today’s world, new
technologies play an important role in differentrdons of youngsters’ lives, such as education,
entertainment, socialization and communicationsHticle presents an interdisciplinary model
supported by the beginning of an empirical reseprolgram to design and study new
technologies to promote positive youth developniEeMD). The purpose of the paper is to
introduce to the ADS community a research progtaamh ¢onstitutes an innovative approach to
understand PYD in the context of new digital tedbg®s used in complex real-world settings.

The importance of this endeavor is underscoredheydct that children and teenagers are
increasingly using computer-based applicationgthrcational, entertainment and social
activities. For example, from 1993 to 1999, the banof Americans connected to the Internet
grew from 3 million to 80 million. Families with ddren represent one of the fastest-growing
segments of the population using the Internet.H&yend of 2002, 58% of US residents were
expected to access on-line services from the hdmoatgomery, 2000). And by 2004, 44% of
American Internet users have contributed their ¢gindsiand digital content to the online world
(Pew Internet Report, 2004). In 2005, youth 8-18rgeld spend an average of one hour per day
using the computer. More than eight in ten (86%)eha computer at home, and three in four

(74%) have a home Internet connection (31% have-$igeed access). Nearly one-third (31%)
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have a computer in their bedroom, and one in A34) have an Internet connection there
(Kaiser Family Foundation, 2005).

Given this data, the terrain is fertile to devetmmputer-based applications and
technologically-rich interventions that specifigafirovide opportunities for promoting PYD.
However, their development requires interdisciplnaork by theorists and practitioners in
child development and computer sciences. Not alhiw technologies lend themselves to
fostering PYD. Neither can all of these technolede integrated into successful face to face
programs.

In previous work | have coined the terdentity construction environmenttCE) to refer
to technologies and technologically-rich psychocadiwnal interventions (Bers, 2001). In this
paper, | present a theoretical framework for undeding ICE in the context of PYD. The
interdisciplinarity of the framework provides anpmptunity for practitioners and researchers to
engage in collaborative efforts in the design andysof new technologies to promote PYD.
This theoretical framework also provides a modat thight guide policy and decision making

towards implementing or evaluating new technolotpe®ster PYD.

The core contribution of this paper is the intecgiBnary theoretical framework explained in the
next paragraphs. In the following sections of thpgy, data from pilot empirical studies will be
used to support the usefulness of the frameworkS Afbvides the context for the development
of the notion of PYD. This involves cognitive, pensl, social, emotional and civic aspects of
young people, which researchers refer to as th&23s« Competence (cognitive abilities and
healthy behavioral skills), Connection (positiventde with people and institutions), Character

(integrity and moral centeredness), Confidencei{pesself-regard, a sense of self-efficacy),
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Caring (human values, empathy and a sense of gostale) and Contribution (orientation to
contribute to civil society) (Lerner 2002; Lernerag 2000; Lerner et al, 2005). Together, these
characteristics reflect a growing consensus abbat v& involved in healthy and positive
development among people in the first two decadi#isenr lives (Scales et al., 2000).

The PYD framework within ADS informs the designaoparticular kind of new
technologies labeled by Bers (2001 )j@entity construction environmenfiCE). The term
identity is used here to signify the distinguishaiwracter or personality of an individual
(Webster dictionary). Thus, ICE are computatiomali®mnments in which young people can
experiment with distinguishing aspects of who theg. ICE provide design elements that engage
youth in exploration and promotion of the six Clie use of ICE in youth programs can
complement and/or augment the potential benefifaad to face psycho educational
interventions (Bers, 2001, Bers 2003; Bers eR@D1). ICE are specifically designed to promote
PYD by adhering to ten design guidelines. Accordmthese, a technology or technologically-
rich intervention that hopes to promote positivetinodevelopment (i.e. ICE), should:
1. Provide a safe spatim which youth can design and program personatgmngful
computer-based projects that highlight and makesstble concepts and ways of thinking about
identity and values.
2. Support young users to use technology to engagelfireflection and introspection.
3. Provide opportunities to engage in interactive giediased activities to learn about self and
community by becoming technologically-fluent. Theture of design-based activities engages
young people in developing attitudes, knowledge skills about new technologies. In turn,
developing technological fluency enables youthete themselves as competent learners of skills

and knowledge that are highly valued by modernetgci
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4. Provide dynamic computational tools with which gsesin create a complex representation
of the self, highlighting its multiplicity of aspescand its change over time.

5. Provide diverse and flexible computational mediaxpress and explore powerful ideas
about identity in different ways (e.g. writing ®@sst, drawing a picture, programming an
interactive character, chatting with others, etc.)

6. Provide opportunities for children to engage inrawve expression, particularly in telling
stories about the self, using the power of new agatpnal and communicational tools.

7. Provide technologies that engage and motivate tgevsrk on their own technologically-
rich projects for long periods of time in a natumad self-initiated way.

8. Make use of networked technologies to create aalidcommunity to put to test new
concepts and ways of thinking and behaving.

9. Support the passage from knowledge to action baging users in collaboration. Namely,
provide opportunities for community-supported dodleative learning (CSCL) in which learners
can use technologies to express their sense ofBsaliell as to explore their identity through
behaviors in the context of a community of practice

10. The technologies should be designed following éi@patory method in which potential
users, both professionals and children, becomagartn the different stages of the design and
development process.

The above-mentioned ten design characteristic€Bfdre observed on software specifically
designed with the goal of fostering PYD, such &s4bra virtual world later described in this
paper, or in technologically-rich environments ths¢ already existing technologies that were
initially developed with other goals, but that areegrated with a positive development

framework. An example of this is Project Inter-Axts, a robotics workshop, which will be later
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described in this paper. These guiding design jpies might also inform decision-making
regarding the use or adaptation of already exigiogular computer applications, such as video
games. For example, these guidelines can be usedreecklist against which to evaluate the
potential of some video games or Internet web$tteBYD.

In the next sections, the paper will present exaspf how ICE design principles have
an affect on the types of learning experiencesatly who engages with them. Regardless of the
particularities of the two distinct types of ICEhih will be visited later, their design
affordances that support the development of th&s@fe consistent with the recent survey of
research included in t#002 Community Programs to Promote Youth Develop(Eecles &
Gootman, 2002). This highlights possible benefitmtegrating ICE into already existing or
newly developed face-to-face psycho educationainars and interventions, in order to reach a
wider audience and a geographically distributedupedpn.

The design and evaluation of ICE is informed byémain bodies of work: the
constructionist theory of learning, which has speaily focused on the role of technology in
education (Papert, 1980), current research onalidcommunities, and work on narrative theory
and its impact on identity formation. The contribas of these three areas of study, as they
inform ICE, are described in the following sections

Constructionism: A constructivist philosophy for educational technologies

During the last thirty years, the role that compsind other computer-based technologies
play in education has grown dramatically. Koschmg®96), borrowing from Kuhn’s notion of
scientific paradigms, identified four major paradgyin the evolution of educational
technologies: computer-assisted instruction, iigietit tutoring systems, constructionism and

computer supported collaborative learning (CSClacheof these paradigms contains different
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pedagogical and methodological approaches to comesid to integrate computer-based
technology in the teaching and learning process.

The constructionist theory of learning plays anamant role in the design and evaluation of
ICE. Constructionism, developed by Seymour Papederts that computers are powerful
educational technologies when used as tools fqpatipg the design, the construction, and the
programming of personally and epistemologically miegful projects.(Papert, 1980; Renick et
al, 1996). By constructing an external objectetfbtecct upon, people also construct internal
knowledge. Constructionism has its roots on Piagaihstructivism (Piaget, 1965; Glasersfeld,
1978). However, while Piaget’s theory was develojeeixplain how knowledge is constructed
in our heads, Papert pays particular attentioheéadle of constructions in the world as a support
for those in the head. Although constructionism hath theoretical and practical limitations,
namely the lack of theoretical conceptualizationhef role of sociocultural theory in designing
learning environments (Rogoff,1989 ; Brown et &94) and the difficulties of applying
constructionism in formal institutions such as sth@Papert & Harel, 1991), for the purpose of
ICE, it offers the framework for developing a deslzpsed learning environment, in which
learning happens best when learners are engadearmng by making, creating, programming,
discovering and designing their own “objects tmkhwith”. Extensive literature in theories of
learning support the premise that learning by desgis a successful method and provide
different vocabulary: project-based learning, penibased learning, constructivism,
constructionism, learning by design (Kolodner, 1938 the case of ICE, youth are learning
about their own selves and communities by devetpfhe six C’s, while engaging in the design

of a computational artifact such as a virtual oitya pet robot.
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Constructionism is situated in the intellectuajectory started in the 1960’s by the MIT
Logo Group, under the direction of Seymour Papesed first at the Artificial Intelligence
laboratory at MIT and later at the MIT Media Labtorg. Although the Logo Group members
held many different research agendas and goalsotlextive vision of the group rested
primarily on at least four major pillars identifiég Bers. (Bers et al, 2002).

First, the group believed in the constructionispegach to educatiorStrongly based on
Piaget’s constructivism, Papert’s theory of congtanism emphasizes the need for
technological environments to help children leayrdbing, by actively inquiring and by playing.
The interaction with the technological materialsuard them provides children the opportunity
to design and make meaningful projects to share astommunity Second, the group
understood the importance of objects for supportirgdevelopment of concrete ways of
thinking and learning about abstract phenometathis context, computers acquired a salient
role as powerful tools to design, create, and maatp objects in both the real and the virtual
world. The group envisioned this technology exigtiot only in the form of current desktop
computers, but also as tiny computers embeddedgo-bricks that could be programmed to
move and respond to stimulus gathered by touclglor $ensors. (Bers et al, 2002; Martin et al,
2000). This technology will be later describedhe section focusing on Project Inter-Actions.
Third, the group valued the notion that powerfidad empower the individuaRowerful ideas
afforded individuals new ways of thinking, new wajfgutting knowledge to use, and new
ways of making personal and epistemological conmestwith other domains of knowledge.
(Papert, 2000). Constructionists envisioned themdsr as a powerful carrier of new ideas and
particularly as an agent of educational charfgeurth, the group embraced the importance of

self-reflection.The best learning experiences occur when indivgdaiee encouraged to explore
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their own thinking process and their intellectuadl @motional relationship to knowledge, as well
as the personal history that affects the learnkpgeence. Constructionism viewed the
programming of a computer as a powerful way to g&w insights into how the mind works

and learns (Papert, 1993).

Papert’s constructionism became widespread in ¢iduca 1980 with the publication of
his pioneering bookindstorms: Children, computers and powerful idgaapert, 1980). While
there is a long-standing constructionist tradifiodeveloping authoring tools and programming
environments for children’s learning about mathecsadnd science (Resnick et. al., 1996;
Resnick et al, 2000, Kafai, 1994; Harel & Pape®9@), and for creating virtual communities to
foster peer learning and collaboration (Bruckm&98L Resnick et. al 1996; Pinkett, 2000,
Evard 1996), little work has been done within tinaglition to design computational
environments to promote PYD (Bers, 2003). Consimacgm informs the design of ICE by
highlighting the importance of providing authoritapls for people to create their own
meaningful projects and communities.

Virtual Communities

The constantly growing body of research on vire@ahmunities as enablers of new
explorations and expressions of personal and slifgialso informs the conceptualization,
design and evaluation of ICE.

There is not a single definition of virtual commiyniThis term is used for describing
many kinds of Internet-based social interactiomeeBe (2000) identified four high-level
characteristics of an online community:1) Peopleowwteract socially to satisfy there own
needs and goals and perform special roles suaadsl or moderating, 2) A shared purpose,

such as an interest, need or goal that provideason for the community to exist, 3) Policies, in



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 1

the form of tacit and written assumptions, ritugigitocols, rules and laws that guide people’s
interactions, 4) Computer systems, to support aediae social interaction and facilitate a sense
of togetherness.

These characteristics refer to two processes tleagicPE identifies as essential when
designing, developing or evaluating virtual comntiest sociability, which focuses on social
interactions that happen within the community (ior098), and usability, which focuses on
human computer interaction from a software designdpoint (Nielsen,2000).

Virtual communities can foster PYD if both socidlyind usability are taken into
consideration. For example, in the Zora multi-usgual environment that | will later describe,
sociability was concerned with setting up a soitehework for groups of pre-teens and teens
with common needs and characteristics (i.e. culdiversity, medical condition); usability was
concerned with providing design features that wadage children in the design of a virtual
city and its social organization and civic instibuis to support sociability.

There is a growing amount of research on virtuairenments that concentrates on both
technical and social characteristics that fosterd#velopment of community. For the purpose of
providing a theoretical framework for the design@©E to foster PYD, research on virtual
communities for education and for mental healtvalsiable because of its interventionist nature,
and not only its explanatory or descriptive nature.

In the area of education, research has shown #tarked learning environments can
provide quick access to a wide range of informa#ind resources, as well as communication
mechanisms for engaging in collaborative inquiritical debate and communities of practice
(Songer, 1996; Scardamalia & Bereiter, 1996; Ped 4994; Edelson, 1999). In line with the

constructionist tradition, work has focused onltiternet as a medium to support collaboration
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by providing tools for children to become activaltbers of their learning communities, and not
only to grant access to information (Bruckman, 198&snick et. al 1996;Shaw 1994; Pinkett,
2000, Evard 1996).

In the area of mental health, in the last decadeethas been an increased amount of
practice and research in uses of technology, ssicmdine support groups, e-mail therapy, and
bulletin boards (Gonzalez-Heydrich et. al, 1998sBw& Simonian, 2002; Rice & Katz, 2001,
Jones, 1999). Most of the work focuses on analysicd descriptive aspects of identity in
cyberspace (Turkle, 1995; Suller, 1996; Calver@20Building upon the technical
infrastructure of distributed virtual environmens,multi-user virtual environments, on-line
communities can enable new expressions of psyclualognd social life by providing software
that supports conversations, collaborations aretactions (Waters & Barrus, 1997; Morningstar
& Farmer, 1990; Kollock & Smith, 1998; Rheingol@9aB).

In summary, the concept of ICE is strongly nurtubgdesearch on virtual communities,
specifically in the areas of education and mergalth. The challenge is how to study the design
and evaluation of these environments and sociakg&to support exploration of issues of
identity that bridge into children’s off-line “reVes” and that can play a positive role in their
development.

Narrative theories

The use of narratives in identity construction emwiments is inspired by the positive uses
of storytelling in both educational and psychotipexgic interventions (Coles 1989; White &
Epston, 1980). Narrative has become a tool thdtighly utilized to teach and learn about
personal values and to understand moral developi@mppan & Brown, 1989). It has a long

and universal tradition in programs aimed at maral character development education. Stories
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such as fairy tales or myths, and biographies efohical and religious figures, are used to
introduce universal human values and role modethildren (Bennett W, 1993).

Johnson points out thdbnly within a narrative context can we fully undemnd moral
personality (the self) and its actiongJohnson, 1993). Narrative, or the ability to seltoherent
story out of fragments, plays a major role in imging the plurality of co-existent "disparate
selves" acquired from others (Gergen, 1991). Téifiers to the descriptive function of narrative
with respect to identity formation that supporte tfinding of coherence between the diverse
internalized role models and stories of our expeee thus allowing us to have a coherent life
story to present to others and to ourselves (LI##8). The descriptive function is embodied in
self-description genres such as conversational opals stories (Miller, 1990) and
autobiographies (Bruner, 1987), and allows the miggdion of the facts after they occurred. The
constructive function of narrative enables us, dlgio external dramatizations, to play out our
inner chorus of internalized voices and diversesah the world.

Narratives operate at three different vital levelsgnitive, emotional and social. At the
cognitive level, narratives are fundamental coustits of human memory that provide a
distinctive way of ordering and understanding eigrere (Bruner, 1986; Schank & Abelson,
1995). At the social level, the tales that one ks@and can tell define the social group or culture
to which one belongs (Turner, 1980). Myths, legeradsl traditional tales provide a sense of
continuity between generations as well as modeladman behavior (Campbell, 1988). Finally,
narratives play an important emotional function.Axma Freud (1965) and the growing field of
narrative therapy have shown, through the verba}-pkr the writing experience of storytelling,

people can find not only recreation but also saleqWhite & Epston, 1980).
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In sum, from cognitive, social and emotional stamd{s it is important for young people
to have a place to tell their stories and to castiheir sense of self. Thus the use of narratives
and their underlying theoretical bases are key etgaithat inform the design and study of
identity construction environments to foster PYDxtval environments are also powerful tools
for supporting people to tell their stories, batdividually and in the context of a community
that provides an audience for those stories (E¥)@3). As we will later see, the different ICE
presented in this paper offer multiple and divevsgs for individual users and communities to
engage in storytelling.

Identity Construction Environments
This paper identifies two types of ICE specificallgsigned to promote positive youth
development: technological tools and technologyeatih environments (see figure 1). Both

types are built upon the ten design guidelinesritzet earlier.

The first type of ICE refers to a computationalli@opiece of software or hardware, or a
combination of both, that meets certain design ifpations and technological standards. While
nowadays many computational tools exist, such @asditware packages or the networked
applications we use daily for work, entertainmemd aducation purposes, not all of these
products are specifically designed with the godbstering PYD. In this paper, | will present an
example of ICE of this type (i.e. a purposefullgid@ed computational tool) the Zora multi-user
virtual environment. This kind of ICE does not néedbe used with an external curriculum to

foster PYD; the ICE’s design features are suchtti@PYD curriculum is embedded in the
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technology. Of course, a powerful curriculum wilkke the use of this type of ICE even more
successful.

The second type of ICE refers to technologicaltyrrenvironments, psycho educational
programs and interventions that provide eitherca ta face or a virtual context that use already
existing technologies. These technologies mighehsen initially developed with other goals,
but, in these environments, are integrated witbstiye development framework. Thus, the
curriculum and context in which the technology sediis crucial and needs to have a strong
PYD component. An example of this is Project Indetions, which will be described later in
this paper. Project Inter-Actions uses the Legoddiarms kit and the Robolab programming
language originally developed to teach childrenuilmoath and science through robotics, and it
integrates them into a curriculum specifically desid to explore issues of identity, culture and
family relationships. The overall curriculum of tteehnologically-rich environment meets the
ICE’s design guidelines described earlier and tiesen technology, within this context, serves
to promote PYD.

The method for designing and evaluating ICE is dasethe creation of a matrix in
which each C of PYD corresponds with design featofehe technology which afford activities
for learners (ie. Curriculum), and are evaluatethwesearch instruments to measure the success
of the ICE regarding that particular PYD componémthe following sections, the paper will
present that matrix in the form of tables for bthté Zora virtual world and Project Inter-Actions.
These are only two examples and the overall gotllisfpaper is to show how the same type of
work could be done for any other popular technolaggilable and widely used by today’s

youth. If the technology meets most of the tenglesharacteristics of ICE (this process assures
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the user that the software has design featureptbatote PYD), then a curriculum could be

developed to integrate the technology into a PYaypm.

An ICE technology to foster PYD: The Zora virtual world

The Zora computational tool, initially developedpast of Bers’s doctoral dissertation at the
MIT Media Laboratory, was specifically designed fostering PYD (Bers, 2001). Zora is a
three-dimensional multi-user virtual environnfethiat provides tools for end-users to design and
inhabit a virtual city. These tools are easy to arse were designed with a young population of
users in mind. Children can populate the virtuatld/by making their own interactive creations.
They can design objects, characters and spaceglleas a virtual community in which
personal, moral and community values are put o Agestars with the owners' image represent
users in the virtual space. An avatar construdtiballows users to design their own avatars to
navigate the virtual city and converse throughaphical chat system (see figure 2).

Since exploration of personal identity is a majomponent of the experience, Zora users
can create their own pictures and objects repreggaspects of the self, or import them from an
existing graphical library. Users can create faéfecent types of Zora objectsirtual places
(private homes, public and community spacebjects(picture frames, furniture, cases, bulletin
boards, etc)heroesandvillains (i.e. models of identification and counter-ideicaition). In Zora,
objects have properties that, besides defining #fepe and functionality, also specify the
meaning or personal and moral values that peopglgrago them. One of Zora's distinguishing
features is aalues dictionarya compendium of personal and moral values, agid thultiple

definitions, held by the Zora community.
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Zora's overarching design goal is to promote pasiiouth development by providing tools and
opportunities for developing the six 6’ C’s. Theref its has specific design features that were

conceived to investigate and operationalize ea¢herh. The following table shows, for each of
the six components of PYD, the Zora design featanesthe on-line activities they support (see

Figure 3).

Pilot studies with youth using Zora

Two different pilot studies were conducted usingaZ@ne with young patients and medical
staff in the Dialysis Unit at Boston’s Children’sspital (Bers et al, 2003) and another with a
multi-cultural group of pre-teens and teens indbetext of a summer camp (Bers, 2001).

In this paper | do not describe these studies pifgeneither do | present data to address how
young people in need of exploring issues of idgntted Zora to design a graphical virtual city
and its social organization, since that data isaaly published elsewhere (Bers, 2001; Bers et al,
2003; Bers et al, 2001). Instead, | compare andrasinthese experiences drawing on results that
could be generalized to similar studies, and |gmea selection of examples from both pilot
studies that support the theoretical frameworkG# presented in this paper.

Since identity construction environments such agfwoovide tools for users to become

designers, each population that uses Zora carecddérent virtual cities and can have different
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kinds of virtual and face to face interactions.vAl be later described, the fact that two very
different populations (i.e. chronically ill childieand youth in need of exploring multicultural
issues) were able to use Zora to serve their owdswith respects to identity formation shows
the flexibility and the potential of identity consttion environments.

Both populations were chosen to use Zora becaesentted of exploring issues of identity
and community. For example, while the pediatricggrdas undergoing dialysis spend
approximately 12 hours a week in the same hosmtah and they share similar conditions and
concerns, they can not communicate with each ath&iprivate way. The dialysis room is a big,
noisy environment and beds are far apart from e#ioér. Thus, our choice of using Zora with
this population. The second population, a multimalk summer program for immigrant youth,
was chosen because these youth chose to signaheprogram because they stated, in their
application materials their desire to explore thackgrounds and values. Since Zora was
specifically designed for this purpose, this popafaturned out to provide an excellent test bed
for evaluating if Zora was accomplishing its goat&l how.

In the hospital pilot study, over a 5-month periédhemodialysis patients and 4 unit
staff (7-16 years-old) found Zora enjoyable an@&sddn a 7-point Likert scale, the overall
patient satisfaction was higM(= 5.3,SD = 1.3), as was their enjoymem € 5.7,SD= 1.6) in
using Zora. The patient safety rating was high=5.9,SD = 1.8) while patients’ rating of harm
was low M =1.4,SD=1.1). The hemodialysis staff's ratings of sattsion (M = 6.5,SD=0.5)
and safetyMl = 5.6,SD = 1.4) were high; their rating of level of harm € 1.0,SD= 0.0) was
low. The nurses found that Zora did not interferén their medical routine. (Bers et al., 2003;
Bers et al., 2001; Bers, 2001). Young patients weperted to use Zora to escape the harshness

of the dialysis experience by immersing themseinesfantasy world (Bers et al, 2003). For
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example, they created a music temple and a repaban, as well as personal homes populated
by favorite cartoon characters. In using Zora, thaig that they were able to see themselves in
new ways, as active learners in control of virgiiations and not as passive patients. Patients
also used Zora to create community spaces abaustiered medical condition. For example,
the Temple of Feeling Better, was a virtual spacghiare stories about coping with
hospitalization. Results from this pilot study shih& potential of virtual environments, such as
Zora, designed within the principles of ICE, toteygositive interactions between young people.
The limitations of this pilot study are primarilyé to the low number of participants. However,
in future studies this can be addressed by comwesgveral pediatric hemodialsyis units so
more pediatric patients can use Zora at the sameand form a larger community.

In the second pilot project, a group of twelve direh between ages of 11 and 15 years old
participated in the Zora summer workshop for aquedf 16 hours over three weeks. They had
to complete a selective application process toiolaelf-selected highly motivated group. It
was made clear to them that the goals of the woykstere'learning aboutcomputers as well
as exploring issues about youth identifijhe selection process favored diverse cultundl a
religious backgrounds, gender balance, as welaguality of the submitted biographies.

The participants in the summer workshop chosedadon the personal and moral
values carried by the objects and characters tlag@ in their virtual homes and public spaces.
These spaces resulted in carefully crafted spapaksentations of identity. For example,
children built a Jewish temple, a Latino househasian Church, and personal homes
populated by pictures of family, friends and patswell as pictures of personal objects with
sentimental value such as jewelry and clothes. dddivig through these spaces one gets the

sense of who the owners are in real life. One eamlabout the children's cultural and religious
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background, their family life and their persondkenmests. As reported in videotaped interviews,
participants made an effort to bring to the virtwalrld cherished artifacts from their real lives.
Although the Zora experience of this group was &tdhan the study at the hospital,
participants created an overwhelmingly greater remal virtual places, objects and characters
(430 during the summer workshop vs. 159 in the italspxperience). (Bers, 2001).

Both populations in the studies created a partioyamicro-community. In the hospital
experience, young patients and staff created alsspport network to facilitate new kinds of
interactions and coping mechanisms. The particgoemnthe summer workshop created
community spaces to explore issues of social orgdion and self-regulation. For example they
created a virtual City Hall and voted for the lastgheir virtual city. They also experimented
with the creation of a virtual jail. They used 8pace to discuss controversial cases that gave
rise to heated discussions about ethical and nezaés.

In this summer program, there was no adult mentteacher coordinating the on-line
Zora activities, neither was a previously plannediculum. Because the presence of an adult
with background knowledge about this area who wdseldave as coach or guide would bias the
results, it was consciously avoided (Bers, 2001¢.0inthe goals of this pilot experience was to
observe to what extent an identity constructionr@mment with design features informed by
PYD, such as Zora, would engage youth in the eafitam of self.

As shown before by the type of activities and déstons that youth self-initiated while
using Zora, given the right tools (i.e. softwaréhndesign elements that promote PYD), it is
possible to motivate young people to use technologgngage in positive exchanges and

experiences that will strengthen their alreadytexgsassets. This has implications, not only for
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evaluating Zora, but for the design and use of cenarally available software with the goal of
fostering PYD.

While the long-term goal of the empirical resegoobgram | am proposing will evaluate
if youth who use Zora, or other ICE, engage indbeelopment of the six C’s of PYD, in these
first pilot experiences the goal was to understéedpotential benefits of the technology by
evaluating how children used it and how succestfuesign features were in eliciting certain
kind of participation. Therefore, in the same ¢@s the ethnographer who immerses him or
herself in a village to understand how its inhattgdive and think (Geertz, 1973), | immersed
myself in the Zora virtual cities, before, duringdaafter the studies, to try to understand how the
environment was used. In order to avoid what Pagadit "technocentric questions”, the
evaluation was centered on what young people did ¥0ora and not what Zora did to them
(Papert, 1987).

In the following sections | give a sample of th@estences gained by participants in both

pilot studies using Zora, organized by categorganponent of PYD.

Competence: Developing technological fluency by ug) Zora

In the literature on PYD, competence involves cogaiand behavioral skills_ competence
in interacting successfully socially and, in adztitithe ability to keep oneself healthy and fit
(Lerner, 2003). In the framework proposed here, metence also refers to the development of
technological fluency. This construct was firstaduced by Papert (1980) in referring to the
ability to use and apply technology in a fluent weffortlessly and smoothly, as one does with
language. It involves not only mastering technatabskills and concepts, but also the ability to

learn new ways of using computers in a creativeardonally meaningful way. During the
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process of using the technology in a creative ywagple are also likely to develop new ways of
thinking; therefore the computer's role goes faooe being an instrumental machine.

By using Zora, young people in both studies devedogompetence by mastering a rich
set of computational tools to become designerspangrammers of their own computational
projects. For example, all of the participantsihearto design a three-dimensional virtual space
and to calculate vertical, horizontal and depthsardocate their objects. They used complex
graphic tools and computer-related equipment sadhgtal cameras and scanners. They also
learned how to program and debug simple interastiontheir objects by using a conversational
programming language based on the turn-taking rheta(Bers, 2001; Bers et al, 2001, Bers,
2003).

Youth became empowered by becoming technologiflaént. Over time, they were
able to approach new software and equipment wittapstiown instruction. They played with
new tools and were able to transfer previous kndgdeto new situations. For example, in the
summer workshop, children learned how to manipulaté avatars and virtual rooms. They
became comfortable enough with the technology shpis limits in a creative and responsible
way. During the hospital experience, becomingnettgically fluent helped the young patients
gain a different kind of self-image. They saw thelwss as powerful learners in active control of
their computers, if not of their bodies. They disond themselves in the role of experts,
teaching nurses and hospital staff about technolatpp, as some of the patients expressed in
the exit interviews, they used their time on dieyte develop some of the skills and knowledge
that they did not acquire at school, either bec#iusg had to miss many classes due to the

medical treatment or because they had already dbppt of school altogether.
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Connection: forming a virtual community

Sherry Turkle’s pioneer work (Turkle, 1995) haswhdhat computer-mediated
communication and participation in on-line commigsitcan play a positive psychotherapeutic
role. Turkle’s finding were replicated in my owrlqtistudies conducted with Zora, by observing
that youth were able to establish connection witérp, with adults in their worlds and with
institutions, by forming a virtual community. Ingtnhospital study, although patients share a
medical condition and treatment that makes thentlagid lifestyles different from that of other
young people their age, two factors hinder the &irom of a community in which social support
networks and patient interaction can fully develeipst, patients are on different dialysis
schedules. Therefore they do not always know ettedr and/or have the chance to interact.
Second, although some patients spend many hougthtergn the same room, they cannot
communicate with each other in a private way winlgeatment. The dialysis process ties them
to unmovable beds that are too far apart physitalpllow adequate social conversations.

However, the Zora ICE enabled patients to solvedhproblems and connect with each
other. It also allowed them to connect at a diffietevel with hospital staff, beyond the strictly
medical interactions. For example, many patientabe experts on the technology faster than
the adults and were able to play the role of menaod teachers for the nurses and medical staff
participating in the study (Bers et al, 2003).

In order to facilitate connection, Zora providedhbsynchronous and asynchronous ways of
communicating and sharing experiences. On a 7-phdiett scale, patients reported that using
Zora helped them make friends or get support frémerochildren on dialysis in a moderate way
(mean = 3.86; standard deviation =2.41). At theestime, they reported that it greatly helped

them to feel more part of a group on dialysis (me&@3; standard deviation =1.62). Hospital
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staff perceived that using Zora helped patientaake friends (mean = 4.50; standard deviation
=1) and to feel part of a group (mean = 3.75; saathdeviation =0.5) (Bers et al, 2003).

Most of the patients particularly liked the facatiZora provided a good way to
communicate with each other in a private way, whidergoing the public event of dialysis. "
really liked that I could use Zora to talk to otHaeds who were at a distance. Otherwise | would
have to yell across the room. But using Zora waagbecause others could not eavesdrop on
my conversation and | felt more comfortable dismgsthings. | particularly liked to talk with
others about our favorite nurses, without beingriéasaid a 13 years old patient.

Patients also used Zora to post messages in gashmessage boards and to write stories
for their virtual objects and characters. This atyonous way of communicating their feelings
facilitated the creation of a social network by\pding a space for patients to voice their
opinions and to engage in interactions with medstafif without the burdens of face-to-face and
real-time conversation.

Character: Developing a sense of personal and morahlues

As mentioned earlier, Zora has many design featpesifically aimed at helping children
explore and develop integrity of character and aanmmpass. The nature of an ICE as a safe
space lends itself to engage in experimentatioh isgues of character. For example, youth can
write personal and moral values and associate thiéimtheir objects. They can make role
models and anti-role models and they can enteesand define them, in the collective values
dictionary of the city. However, issues of charaet® also observed throughout the Zora
experience by the kinds of discussions and sitoatibat participants engaged in.

Zora's design supports two very different waystrh about personal and moral values.

One affords thinking about values as repositorfgg@scribed beliefs or normative universal
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principles. This is supported by the design featdrde collaborative values dictionary. This
approach is typified by abstract definitions. Id@rto create a new value and its definition in the
dictionary, learners think about values as univgysaciples, disassociating them from any
specific context or objeat the virtual world. This approach is the most coom one found in
educational interventions where the use of the&mcmethod of discussion about moral
dilemmas abound (Lipman, 1988).

Zora also affords a different approach to valuesyhich, instead of focusing on a universal
definition, children define virtual objects in tesrof their values. Therefore, when a child
designs an object, she also has to think aboutahees that the object conveys and its
relationship to her personal identity. During tix& enterview, when | asked fifteen year old
Nino what he learned during the workshop he saidhow to see values in things... because
usually when | see something | just see it, | yeddin’t think about it...this opened my eyes. For
example, before | didn’t think that there was mualue in my Dave Matthew’s poster or a
picture of me fishing... | didn’t think about valiesall. By attaching values to things you
realize what your values are and you also makerqgibkeple more likely to know you better.
Right now when | see something, somehow | wondat veltues it has, and what certain people
think its values are.(Bers, 2001).

Most of the youth who worked on Zora chose thisccete way of approaching values (i.e.
grounding them and their definitions in objectajtead of the abstract approach (i.e. entering
values and definitions directly into the valuegidicary). Janet's comment in the post-interview
is representative of most participants' opiniokghen | write values for my objects | feel like |
can express my feelings and it is a way to see islgading through my mind. | usually don't talk

about values and don't think much about them. &anle | wrote down something about love
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and | realized wow! | am really into this but | didknow because | don't talk about it...so there
was something new for me. When | wrote the vakieden | learned a lot more about
myself.(Bers, 2001).

As shown in this section, the Zora identity constimn environment supported the
exploration of values in both an abstract and cetecway. The design and manipulation of
computational objects with values attributes predi@ unique opportunity for children to think
about the relationship between values and thentiyeand therefore strengthen their character..

Confidence: Learning to learn

The constructionist nature of ICE, which in theeca Zora engages children in
becoming designers of their own virtual city andiaborganization can foster self-confidence in
youth. Although the development of a positive selfard and a sense of self-efficacy were
observed in both studies, no formal measures ward to evaluate this. By analyzing the Zora
logs of on-line conversations and the video tapdaa® to face interactions, it is possible to
determine that children were not only able to masie technology, but also to help others to
master it. Some gained a new sense of confideniteein as learners and teachers of concepts
and skills that are particularly valued in our gbgj such as new technologies. Others felt that
they were able to complete a project, such ashimgstheir virtual homes and temples, and were
proud to share these products with others.

Confidence could be observed, and quantitativelggueed, on the issue of safety. On a
7 point Likert-type scale, patients in the hodpstady reported that Zora was safe (mean = 5.93;
standard deviation =1.84) and that participatintheexperience was not hurtful (mean = 1.43;
standard deviation =1.13). When asked about thetysaf using Zora, 17 year-old Larrgplied

"It might be unsafe if you put certain things iruyooom that younger kids shouldn’t see. But
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that’s the whole point with having the [virtualjtgihall, where we set the rules and laws for
Zora. | don't think it's not safe for kidsln Larry’s perspective it was the patients’ respibility
to make Zora a safe space. His response showsa#ltlence regarding the responsibility
assumed towards safety by the individuals, as agely the community as whole. Overall, all
patients echoed Larry’s response by reportingZbaa was safe because it provides tools for
them to set their own safety net by developing lang rules for community participation and

democratic decision-making (Bers et al, 2003).

Caring: Forming a just and empathic virtual city

ICE such as Zora are designed to foster a caringramity by having specific design
features to engage individuals in developing a eeas empathy. This kind of design
considerations are widespread in the literatur@idonal communities (Kollock, & Smith,1996).
For example, in Zora a “legacy” object engages lyontposting advice for future Zora users at
the entrance of the virtual city. Data from botadsés shows that legacies tend to fall into three
categories. Those giving advice about technicalessabout how to design expressive artifacts
and places, and about how to handle social issuteeicommunity.

The notions of social justice and human values ¢nypaere mostly shown in the virtual
City Hall that provided a public forum for partieifwry democracy and decision-making about
authentic dilemmas faced by the Zora communitysouiety at large. For example, during the
summer workshop, Elisa, who built a virtual Jewtisimple, placed in City Hall a case with a
web link to a news article about a shooting invaisie Community Center in L.A that had
happened the day before. She attached to it the talerance' and defined it. Some children

decided to invite everyone to a virtual meetingliscuss the news. In this very well-attended
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meeting, children explored the notions of sociatife, discrimination and racism. As a result of
this conversation, one of the youngest participantee workshop, who was very quiet
"listening" but who did not participate in the and conversation, made in Zora "Everyone’s
temple." He described it as a space‘&rthe cultures and religions to get along(Bers,
2001).

In Zora children were able not only to talk abomntial justice, but also to act on it in the
virtual world. Therefore, Zora was successful ipmurting the passage from knowledge to
action, one of the ten design guidelines for ICBriamote PYD.

Contribution: A safe space for engaging in civic fe

While some research on PYD considers that thetybdalicontribute to civil society is the
result of actively developing the other five chaeaistics, competence, confidence, connection,
character, and caring (Lerner 2003), in my own whekorientation to contribute to civil society
is considered as an important characteristic oovits merit.

ICE has particular design features explicitly conee to help children become active
contributors to civil society. Virtual communitiesjch as the ones afforded by the Zora ICE,
provide a safe space for experimenting with denisi@king, self-organization and civic
conversations, as well as for testing democratiges behaviors and attitudes in an
authentically meaningful way. For example, the oobf a "case”, an object representing an
event or circumstance to be discussed and agreedhypthe community members, was
introduced in Zora in order to help children bdsarton-line conversations on concrete artifacts.
In the same spirit as legal cases, they requirenmamity members to take action to resolve them.
This kind of participation in a learning environmi@erves as a model of the larger political

community in which the child will participate as adult. For example, in Zora's City Hall,
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youth created different kinds of cases. Most dedh setting up the social organization of the
virtual city or with controversial current eveneported in the newspager

During the summer pilot study, in the second weleth® workshop, participants
discovered the need to create laws to make livindpira easier. This realization happened as
learners started to try out different Zora featured test its technical limits. For example, when
they created huge objects and left them in inadequigual places, they learned how to distort
the look of personal avatars and how to changsiteeof other people's personal homes (Bers,
2001). In contrast with other experiences of justimunity in education (Kholberg, 1982), the
idea of creating laws emerged in a natural way ased of the community, and not as a
suggestion from an external agent, such as a teacl&cilitator. In the first City Hall virtual
meeting a city mayor was elected and took chargmofdinating the writing of the rules of
Zora. Participants also experimented with differ@miine voting systems.

Zora makes it easy for youth to observe the commexbetween what is said in the on-
line conversations (i.e. discussion about discranon) and what is done in the virtual city (i.e.
creating "Everyone's temple"). The discussions wowyin City Hall offered participants an
opportunity to engage in thoughtful exchanges wabple with different opinions who made
their values clear through their virtual creatioAscording to most of the workshop participants,
as reported during exit interviews, being on-lie#ped them to discuss certain issues in more
depth than when face to face. This finding is cstesit with results from other researchers
working with virtual communities and youth (TurklE995). It was also informally observed that
some conversations started on line, however, wangraied off-line. Future studies need to

assess to what degree the on-line experience aasfér to the real face to face communities.
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An ICE context for using technology for PYD: Projed Inter-Actions

The pilot work with Zora shows how the first typelGE, a computational tool with
specific design features that correspond to th€&xmight help to promote positive youth
development in two different populations of yourapple. The second type of ICE presented in
this paper refers not to softwaree such as Zotaoban approach that applies the PYD
framework to a technologically-rich environmentwhich children are using technologies that
were originally developed with other goals. Projetér-Actions is an example.

In this research program, young children and pareoitne together to explore their own
cultural heritage by engaging in designing, prograng and building a personally meaningful
project: a robotic artifact that can move and réactimulus from the world. This robot
represents an aspect of their own personal, faonibultural values (Bers et al, 2004).

The technology of choice during Project Inter-Ansds Lego Mindstorms, a
commercially available robotics invention systerspined by the MIT Media Lab’s
programmable brick (Martin et al, 2000). The tobdmables children to work with manipulative
material that they are already familiar with, sashLego blocks. But they can also incorporate
motors and touch, light or motion sensors. Lateyttan program the behaviors of the “smart”
Lego brick by using a graphical programming langueaglled ROBOLAB (Rogers et al, 2001)

(see figure 4).

Three different pilot studies within Project In#&ctions were conducted. The first study was

done in a Jewish Day School in Buenos Aires, Angenin which families made robotic
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creative prayers and shared them with other mendf¢hee community at the synagogue right
before the traditional prayers of the Jewish Highittays (Bers & Urrea, 2000). The second
pilot study was done with families of 4 and 5 yealdschildren from the Eliot-Pearson
Children’s School and the Tufts Educational Daye3@enter (Bers et al, 2004). The third study
was conducted with eighty families in the conteixiveekend workshops for the greater Boston-
area community. (Beals & Bers, in press).

Regardless of the specific differences betweenhtee studies, all of them followed a
same pedagogical approach consistent with thehtaracteristics of ICE described earlier.
Workshops were intensive. They consisted of fivas®ms of two hours each, during which
families were taught how to use the technology, afidal open house to display final
projects to friends, family, teachers and other mmity members. The workshop sessions
followed a project-based immersive method. Familege involved in all aspects of the
project --they chose the culture to explore, detidbich materials to use, managed the
resources and time-frame, resolved the technolbgiedlenges (both in terms of
programming and mechanics), created narrativesdrthe final project that were posted in a
website documenting the experience, and presenéadfinal projects during an open house.

Each family received a computer and a Lego kit&ioimg the essential components

needed to build a robotic project. On one tableetheere various art materials, such as
construction paper, markers, colored pencils, araytelt, buttons, glue, straws, etc., to be used
either in the planning stages or on their actuajguts. On another table were bins of Legos—
beams, plates, bricks, wheels, connectors, etcpldoement allowed the families to take
whichever materials they desired for maximum cvégtibut also to engage in negotiations that

would foster a sense of a caring community.
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An important component of Project Inter-Actionghe “technology circle”. Throughout
the course of each session, everyone would gatheecircle for informal presentations.
Participants would show their projects, regardtdgfie stage that it was in, and talk about what
they were making, what inspired them, problems #agountered, etc. Other families could ask
guestions or provide help from their own experiendéese presentations were important to

show different design strategies completed by éaciily. Families documented their projects

and their learning process in the project webitigy://www.ase.tufts.edu/devtech/Project_Inter-
Actions/.

Children and parents were not expected to mastesame programming and building
skills. Rather, the goal was to expose them telant@ogy-rich environment with diverse
expertise and interests, so that they might fogoramunity of practice (i.e. doing things with
the technology) to develop technological fluencg ahthe same time, start to develop the six
components of PYD (Lave & Wenger, 1991).

In the same spirit as the apprenticeship madebhich at first learners have legitimate
peripheral participation and later on they graduidtrease their engagement and complexity of
participation (Lave & Wenger, 1991), Project Infations provided an environment for both
children and adults to participate in a communitpractice in which technology and cultural
issues comes hand-in-hand.

In order to show how Project Inter-Actions’ desfgatures and curriculum correspond to
each of the six C’s of positive youth developmani] to the guiding design principles of ICE,
the same matrix that was used earlier for analyZimg is presented here, but for Project Inter-

Actions (see figure 5).
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In the following subsections | present some ofipgurdnt’s experiences in the three studies
conducted to date within Project Inter-Actions,anged by category or component of positive
youth development. Table 1 shows the mean differéetween post and pre scores regarding
each of the components of PYD (except contributionparents and children who participated
in the last study conducted within Project Intertibos’. The scores were obtained from self-
report questionnaires. Table 1 also shows startkaridtion and the corresponding p-value for
the paired t-test. Results are presented for paesrd children separately (Bers, under review).

INSERT TABLE 1 HERE

Competence: Developing knowledge about robotics

Daughter:1 am making a Lego cake, it is going to spin achuiMy mom helped build it at home
and Barbie helped too. She told me how tall to miakElike the building part of this class but |
don’t like the computer and waiting part. It takes long. It's really hard for me. Right mom?
Mother: It was hard for her to use the program, | havéétp and go really slow so she can do
it. In my job I do web design. But | don't knoegbs at all. Her father usually plays with them,
so | have limited experience using them. Heretshehes me about them.

The above dialogue captures some of the ways inhwboth adults and children started
to develop competence and technological fluenoyutin Project Inter-Actions. According to

the self-assessment of a technological fluencyesoaipleted by participants before and after
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the studies, and to teacher’s assessment of tte@egs and their final robotic products, most
young children understood the basic principlesrofmmming (i.e. algorithms, looping,
debugging), and the basic principles of engineefiieg the design process, force, sensors,
motors). Table 2 shows adults and children percecaenpetence with regards to building a
robot, programming the computer and building widgbs after the workshop (Bers, under
review).

INSERT TABLE 2 HERE

As reported by the teachers, children were creatiw®lving problems by constructing a
model of the proposed solution for testing purposéichildren were able to have a working
final product and to explain its design processitgdiay of operation. Besides the actual
learning about the technology, children also dgwedbself-confidence in their capabilities to
learn new technologies and to approach new ditfiordblems. For example, there was a
significant increase in both parent’s and chila perception on competence. However, the

change was dramatically higher for children (pasenéan difference = .24; p= 0.04; children
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mean difference= 1.18 p<0.0001) (Bers, under reni®ur observations and interviews, as well

as assessment of the robotics final projects, stiipis finding.

Connection: Families learning together

One of the main goals of Project Inter-actions teagrovide a technologically-rich

environment in which parents and children couldnem with each other in a different way than

they are used to at home. During all three studsbserved that different families had

different collaborative working styles, some motffe&ive than others. For example, some
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parents initiated and directed their work togetlkdrile others put the child in charge, and some
parent-child dyads seemed to enjoy taking turnsgi charge of their work together.

Parents significantly increase their connectionesedter the workshop (mean difference
=0.16; p=0.04) while children decrease their s¢ede35; p=0.04) (Bers, under review) This
result is consistent with the workshop coordindtevaluations who stated that they observed
many interactions of parents collaborating, conmuetr helping each other, while they observed
very few interactions between children. Childremdied to become so immerse with the
materials that limited their interactions to thed@irents, and sometime teachers.

It was not easy for all of the parent/child dyasl®&come comfortable with each other in
new roles as both teachers and learners. In makeafases, it was the parents, and not the
children, who had the most difficulties adjustioghis. In some cases, it was anxiety-provoking
for a parent to have to learn something new antheasame time, help his or her child with his
or her own learning. This was true regardless efi¢hrel of comfort that parents had with
technology. For most of the parents this was amdppity to spend time with their children
doing something together. The same was true foctiiidren who enjoyed the chance to have
their parent’s devoted attention.

The community of practice methodology applied injéct Inter-Action fostered
connection not only between parents and childrémm @ngaged in a teaching and learning
experience together, but also amongst diverse iizenilhe technology circle explicitly
facilitated these kinds of interactions aimed dpimg people connect with each other, regardless

of age or skills level.
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Character: robots that represent values

By making a final product that explicitly represetiie family’s personal or cultural
values, parents and children where immersed, flenbéeginning of the workshop, in an
environment in which issues of character were gpdisicussed. For example, during the study
done in Argentina (Bers & Urrea, 2000) one famiipse the value “giving and receiving” and
the young daughter explained the projeédtle made a doll with two yellow hands and every
time you give her a present in her hand, she tarosind and gives you something back with her
other hand. But you don’t know what she is giviag.yrhere are smiles, flowers and hugs in her

second hand and you can receive anythir{g€e figure 6).

Children showed a statistically significant increthim the character construct, being
aware about their own moral compass and valuesar{rdigference = 0.7; p=0.007) after
participating in the workshop (Bers, under revieW)is wasn't the case for parents. This result
was expected, since parents played scaffoldingsapgorting roles to help children explore
aspects of their own values. Parents were notdetmo engage in their own value clarification,

but in conversations that would teach something #ieeady knew to their children.

Character development was also observed by teaakéh® young children in the project
became respectful participants and followed thabdished community rules. They also
discovered the importance of values such as pe@ese Throughout Project Inter-actions

teachers encouraged their students, both adultshalilen, to share resources, ideas and
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projects with each other as well as to provide ysegport in the same spirit of a community of

practice.

Confidence: Being proud of learning

As mentioned earlier, one of the goals of ProjatgrtActions was to immerse families
in an environment where they could begin to devédghnological fluency in a confident way.
We did not expect them to become programmers dnears. Both children and parents were
more confident after the workshop, but the changse statistically significant in the children
(parent mean difference = .14; p=0.11; childrenmdi#ference= 0.43; p<0.0001) (Bers, under
review). In one of the studies, a mother sdi&m proud of what we made...my children solved
the issues we had with our design. | really triedjét them to do the thinking and kept asking
them questions. My son is proud of how he wastaljeogram our project. My daughter is very
proud of the project because diies the bunny and how it moves and picks up dis&di she
made. She grasped some of the technological canoéfite project such as the motor
connection, the ‘wire’ connection when programmamgl how the program had to be
downloaded to the brick.”

These four year old children mastered some techycabskills, but most importantly,
they were proud of themselves, as was their mo#tethese children grow, and longitudinal
studies are conducted, we will be able to obselvetier these early experiences with a culture
of learning about technology in a playful way, ntiglave long lasting effects in helping children
become confident users and creators of technobgywell as confident learners.

Caring: A collaborative learning environment

Throughout Project Inter-Actions caring was showritie propensity of both adults and

children to help each other in the different desfgogramming and building stages of their
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projects. As opposed to most robotics educatioxaerences (Rogers et al, 1999) in which
children are exposed to learning about the teclyydby engaging in challenges and competing
with each other, Project Inter-Actions curriculusrexplicitly designed to foster a learning
environment of cooperation and camaraderie. Sepexddgogical choices support this such as
the formal technology circle and the informal wayhich people are encouraged to work
together.

Contribution: Learning about us and them

Project Inter-Actions was designed on the beliaf tinderstanding and respecting
diversity is a needed step in building civic andhderatic societies. It is also designed with the
assumption that in order to understand diversigy/fivet need to understand and become aware
of our own culture and family values.

We did not teach about culture and family values. pkbvided the environment and the
support and we let family members talk to eachragieut these subjects. Since families were
required to create a final project that would repré an aspect of their cultural heritage, the
conversations tended to stay focused and con¢hei® making them more engaging for young
children. Children learned about cultural differesor similarities by exploring the diversity of
projects and families in the workshops. Becausé@tomplexity of the topic introduced, they
also engaged in conversations with their paremsttiey would not have otherwise. For
example, the mother of a five year old séidliring dinner she [our daughter] asked her dad,
‘What is a Muslim?’ This is the first time she liaken any interest in culture and
understandings of it. The notion of culture in éamily is complex, and this project provided us

with an opportunity to discuss culturg(Bers et al, 2004).
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Conclusions: Setting a research program

The two different ICE presented in this paper, Zamd Project Inter-Actions, have
design affordances that support the developmetiteo C's in an integrated way and meet the
ten design principles that make ICE successfuiéir tyoal of fostering PYD. They are examples
of technologies and technologically-rich environtsethesigned, implemented and evaluated
with the interdisciplinary theoretical frameworkegented earlier that utilizes ADS.

The innovative and pioneering interdisciplinaryuratof this work provides
methodological challenges. For example, it is hardpply social sciences methods and tools
used in disciplines such as psychology, educa#ind,computer sciences, aimed at validating
claims, to propose empirical research designs walli@e results focusing on the discovery of
new areas of knowledge. The tradition of conducérperimental studies with control groups
and well-defined variables doesn’t always providgad rationale for answering empirical
guestions regarding the efficacy of particular iméations in applied real-world complex
settings. In this respect, the design studies ndetlogy, which attempts to “engineer innovative
educational environments” (e.g., Brown, 1992, d.)1gy conducting applied research that is
complex, multivariate, multilevel, iterative, utiftoriented and interventionist (Shavelson, et al,
2003) promises to provide a useful methodologicahework.

At this early stage of this research program, mb#te work is on defining a territory
and conducting open-ended explorations and dismsjgather than on assessing successes or
failures in a replicable way. Different kind of tewlogies support and enable different kinds of
sustained engagement and participation. Thus, theémgortance in understanding the

differences in the affordances of the technologies the approaches, as this paper has attempted
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to do with both Zora and Project Inter-Actions, hetause of their different levels of technical
sophistication, but because of their different wiyengage youth in positive development.

This "basic" research needs to be done well bgfobdic systems are ready to
incorporate technology in a scalable way. Reseadibates that access to technology is not
enough. The question is what kind of activitiep@punities for participation and experiences
can different technologies support. For exampl@rasented earlier, one future significant
methodological challenge will be in trying to devmmethods and research techniques to learn if
virtual experiences children have while engagintOB such as Zora, have an impact on their
everyday lives. Results from these studies migbwige important information on how to create
programs to promote PYD. In the long run, empineaults conducted within the research
framework presented here will enable policy makenmmake decisions about productive ways to
invest money in technology for the purpose of fostepositive youth development.

The interdisciplinarity of this work has the potahto impact a new generation of both
theoretical and applied students. It is my hopé shadents in education, psychology and mental
health related programs will explore the role ahteology with respect to identity formation and
PYD; and that students in computer sciences anthesgng will play an active role in
developing technologies of the future to suppagtgbcial, moral, spiritual and emotional
development of young people.

References

Bennett, W.J. (1993Y.he Book of virtues: A treasury of great moral E&arNew York:

Simon & Schuster.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 41

Bers, M. (2003). Kaleidostories: Sharing Storieoas the World in a Constructionist
Virtual Community for LearningConvergence: The Journal of Research into New Media
Technologies, 9(2h4-83.

Bers, M, Gonzalez-Heydrich,G., DeMaso, D. (200dgnitity Construction
Environments: Supporting a Virtual Therapeutic Camity of Pediatric Patients undergoing
Dialysis. InProceedings of Computer-Human Interact{@H1'01) ACM. pp. 380-387.

Bers, M, Gonzalez-Heydrich,G., DeMaso, D. (2003%e of a Computer-Based
Application in a Pediatric Hemodialysis Unit: A &ilStudy.Journal of the American Academy
of Child and Adolescent Psychiatry, 42(493-496.

Bers, M, Ponte I, Juelich, K, Viera, A., & Schenk&r(2002). Teachers as Designers:
Integrating Robotics into Early Childhood Educatibriormation Technology in Childhood
Education 1, 123-145.

Bers, M. & Urrea, C. (2000). Technological Prayé&tarents and Children Working with
Robotics and Values. In A. Druin, & J. Hendler (Bdfobots for Kids: Exploring New
Technologies for Learning Experienqgp. 194-217). New York: Morgan Kaufman.

Bers, M. (2001). Identity Construction Environmerdeveloping Personal and Moral
Values Through the Design of a Virtual cidurnal of the Learning Sciences, 10(3§5-415.

Bers, M, New, B. & Boudreau, L (2004) “Teaching dedrning when no one is expert:
Children and parents explore technologgtrnal of Early Childhood Research and Practice.

Brown, A. (1992). Design Experiments: Theoretiaad &ethodological Challenges in
Creating Complex Interventions in Classroom Settifige Journal of the Learning Sciences

2(2), 141-178.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 42

Brown, J. S., Collins A., et al. (1989). Situatedjcition and the culture of learning. In

Educational Researchet8(1): 32-42.

Bruckman, A. (1998). Community Support for Constiarmist Learning Computer
Supported Cooperative WQrk, 47-86

Bruner, J. (1986)Actual Minds, Possible World€ambridge, MA: Harvard University
Press.

Bruner, J. (1987, June). Forms of Self Report: Aiggraphy and its genres in
Conference on Orality and Literacy. Toronto.

Bush, J & Simonian, S (2002). Program and Resdartétives of the Starbright
Foundation Children's Health Care31(1), 1-10.

Calvert, S. L. (2002). Identity construction on theernet. In S. L. Calvert, A. B. Jordan
& R. R. Cocking (Eds.)children in the Digital Age: Influences of ElectroiMedia on
Developmen{pp. 57-70). Westport, CT: Praeger.

Calvino, I. (1972)Invisible Cities NY: Harcourt Brace Jovanovich.

Campbell, J. (1988 he Power of MytiNew York: Doubleday.

Committee on Information Technology Literacy. (12%eing fluent with information
technologyWashington: National Academy Press.

Coles, R. (1989)The call for storiesNew York: Basic Books.
Eccles, J & Gootman, JA (2002 ommunity programs to promote youth development
Washington: National Academy Press

Donath, J. (1998). Identity and deception in thgual community. In Kollock,

P., & Smith, M. (Eds.), Communities in Cyberspdaendon: Routledge



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 43

Eccles, J., & Gootman, J.A. (200@ommunity programs to promote youth
developmentWashington: National Academy Press.

Edelson, D.C., Gordin, D.N., & Pea, R.D. (1999) dfAeksing the challenges of inquiry-
based learning through technology and curriculusigie The Journal of the Learning Sciences
8(3&4), 391-450.

Evard, M. (1996). A Community of Designers: Leamthrough Exchanging Questions
and Answers. In Y. Kafai & M. Resnick (EdQenstructionism in Practice: Rethinking the
Roles of Technology in Learnirigp. 223-239). Hillsdale, NJ: Lawrence Erlbaum Asates.

Gergen, K. (1991)The Saturated SeliNew York: Harper Collins.

Gergen, M. (in press). Social Ghosts: openingiityqan imaginal relationships. In M.
Gergen (Ed.).Impious Improvisations: Feminist Reconstruction®gychologyThousand
Oask: Sage.

Glasersfeld, E. von (1978) Radical Constructiveamd Piaget’s Concept of Knowledge. In:
E B. Murray (ed)l'he Impact of Piagetian Thegrgaltimore, pp. 109-122.

Gonzalez-Heydrich J, Bromley D, Strohecker C, MarkBeMaso DR, Ackermann E,
Gibson S, Shen C, & Umashi M. (1998). Experiencenals: Using computers to share personal
stories about illness and medical intervention. M&x98, 9" World Congress on Medical
Informatics 10S Press, 1323-1327.

Harel, I., & Papert, S. (1990). Software desiga agarning Environmentnteractive
Learning Environments, 1(1)-32.

Hooper, P. (1993). They Have Their Own Thoughtst@y of Constructionist Learning.
In Y. Kafai & M. Resnick (Eds.Alternative African-Centered Community School

Constructionism in practiceHillsdale, NJ: Lawrence Erlbaum Associates.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1

Johnson, M. (1993Moral imagination. Implications of cognitive scienfor ethics
Chicago: University of Chicago Press.

Jones, S. E. (19990ing Internet Research. Critical Issues and Methfmt Examining
the Net.Thousand Oaks, CA: Sage Publications.

Kafai, Y. (1994). Learning Design by Making Gameésildren's Development of Design
Strategies in the Creation of a Complex Computatiéwmtifact. In Y. Kafai, & M. Resnick
(Eds.).Constructioinism in Practice: Designing, ThinkingdaLearning in a Digital Worldpp.
41-96).

Kohlberg, L. (1982)The just community approach to moral educatiorhgoty and in
practice In International Conference on Moral Educationbé&urg, Switzerland.

Kollock, P. & Smith, M. (1996). Managing the virttlbmmons: cooperation and
conflict in computer communities. In S. Herring (EGomputer-Mediated Communication
Amsterdam: John Benjamins.

Kolodner, J., Crismond, C., Gray, J., Holbrook&Runtambekar, S. (1998). Learning
by design from theory to pracéidn Proceedings ofhe International Conference of the
Learning Sciencefpp. 16-22). Charlot tesville, VA: Association filve Advancement of
Computing in Education (AACE).

Koshmann, T (1996 CSCL: Theory of Practice of An Emergin Paradigtillsdale, NJ:
Lawrence Erlbaum Associates.

Lave, J & Wenger, E. (19913ituated Learning. Legitimate peripheral particiymat
Cambridge: Cambridge University Press.

Lerner, R. (2002Concepts and Theories of Human Developmiditisdale, NJ:

Lawrence Erlbaum Associates.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 45

Lerner, R. M., Fisher C. B., & Weinberg, R. (200Dpward a science for and of the people:
Promaoting civil society through the applicationdgfvelopmental scienc€hild Development/1,
11-20.

Lerner, R. M., Jacobs, F., & Wertlieb, D. (Ed92003).Applying developmental
science for youth and familieslistorical and theoretical foundationsvolume 1
of Handbook of applied developmental science: Promyqtimsitive child, adolescent, and family
development through research, policies, and progrdfditors: Richard M. Lerner, Francine
Jacobs, and Donald Wertlieb. Thousand Oaks, CAe adplications.

Lerner, R. M., Lerner, J. V., Alermigi, J., Theok@&s, Phelps, E., Gestsdottir, S.
Naudeau, S., Jelicic, H., Alberts, A. E., Ma, Lmifh, L. M., Bobek, D. L., Richman-Raphael,
D., Simpson, I., Christiansen, E. D., & von Eye,(2005). Positive youth development,
participation in community youth development pragsaand community contributions of fifth
grade adolescents: Findings from the first wavihef4-H Study of Positive Youth
DevelopmentJournal of Early Adolescence. 25(1).

Linde, C. (1993)Life Stories. The creation of coherend@xford: Oxford University
press.

Lipman, M. (1988)Philosophy goes to schodhiladelphia: Temple University Press.

Martin, F, Mikhak, B, Resnick, M, Silverman, B &Bj, R. (2000). To Mindstorms and
Beyond: Evolution of a Construction Kit for Magiddiachinesin A. Druin, & J. Hendler
(Eds.).Robots for Kids: Exploring New Technologies for inglag Experiencegpp.9-33). New
York: Morgan Kaufman.

Miller P., Potts R., Fung H., Hoogstra L., and Midt (1990). Narrative Practices and the

Social Construction of Self in Childhoo#imerican Ethnologistl7(2),292-311.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 46

Montgomery, K. (2000). Children's Media Culturetle New Millennium: Mapping the
Digital LandscapeThe Future of Children,d(2), 173-175.

Morningstar, C. & Farmer, R. (1990). The lessonkuwifasfilm's Habitat. In M. Benedikt
(Ed.)Cyberspace: First Step€ambridge MA: MIT Press.

Nielsen, J. (2000Designing Web Usability: The Practice of Simplichlew Riders
Publishing, Indianapolis

Papert, S. (1999). Papert on Piadéme: "The Century’s Greatest Minds"

Papert S. (1980Mindstorms: Children, Computers and Powerful Idedsw York:
Basic Books.

Papert , S & Harel, | (1990onstructionism. NYAblex Publishing Corporation.

Papert S. (1993 he Children's MachinéRethinking School in the Age of the Computer
New York: Basic Books.

Papert, S. & Resnick, M. (19R5Technological Fluency and the Representation of
Knowledge' Proposal to the National Science Foundation. MBdia Laboratory. Cambridge,
MA.

Papert, S. (2000). What's the big idea: Towardedagogy of idea powelBM Systems
Journal 39(3 & 4).

Pea, R., Edelson, D., & Gomez, L. (1994). "The GoW®ollaboratory: High school
science learning supported by a broadband eduehti@twork with scientific visualization,
videoconferencing, and collaborative computirgfesented at the Annual Meeting of the
American Educational Research AssociatiNew Orleans, LA.

Pew Internet & American Life Project (2004) Report.

Piaget, J. (1965 'he Moral Judgment of the ChilNY: Free Press.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1

Pinkett, R. D. (2000). Bridging the Digital Divid8ociocultural Constructionism and an
Asset-Based Approach to Community Technology anchi@anity Building. Paper presented at
the 81st annual meeting of tAeerican Educational Research AssociatidiERA), New
Orleans, LA, pp. 24-28.

Preece, J (2000Dn-line Communities: Designing Usability, SuppagtfBociability
New York: Wiley.

Resnick, M., Bruckman, A., & Martin, F. (1996). Ras Not Stereos: Creating
Computational Construction Kititeractions 3(6), 41-50.

Resnick, M., Berg, R., & Eisenberg, M. (2000). Begdlack Boxes: Bringing
Transparency and Aesthetics Back to Scientific $tigation.Journal of the Learning Scienges
9(1),7-30.

Rheingold, H. (1993)The Virtual Community: Homesteading on the Eleatrémontier.
Reading, MA: Addison-Wesley Publishing Company.

Rice, R & Katz, J. (2001 he Internet and Health Communication: Experieranes
ExpectationsLondon: SAGE

Rogers, C., Kearns, S.A., Rogers, Cathy, Barsakkg Portsmore, M. (2001).
Successful methods for introducing engineering tinéfirst grade classroomimerican Society
of Engineering Education Annual Exposition and @oafhce Proceedings, New Mexico, June

2001.

Rogoff, B. (1994). Developing understanding & ithea of communities of learnehdind,

Culture, and Activity1(4), 209-229.

Rosen, S. (1982My voice will go with you: The teaching tales oftbh H. Erickson

New York: Norton.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1

48

Scales, P. C., Benson, P. L., Leffert, N., andBl{a. A. (2000). Contribution of
developmental assets to the prediction of thriangpng adolescentapplied Developmental
Science, 4(1)27-46.

Scardamalia, M., & Bereiter, C. (1996). Student namities for the advancement of
knowledge Communications of the ACN39 (4), 36-37.

Schank, R., & Abelson R. (1995). “Knowledge and Meyn The Real Story”Advances
in Social CognitionVolume VI, (pp. 1-85) Hillsdale, NJ: Lawrené&albaum.

Shaw, A. (1994). Social Constructionism and thesfrity: Designing Environments for
Social Development and Urban Renewal. Unpublistuedadal dissertation. Massachusetts
Institute of Technology, Cambridge.

Smith, M. & Kollock, P. (1999)Communities in Cyberspackeondon: Routledge.

Songer, N. (1996). Exploring Learning Opportuniie€oordinated Network-Enhanced
Classrooms: A case of kids as global scientigte. Journal of the Learning Sciencg&), 297-
327.

Suller, (1996)The Psychology of Cyberspautp://www.rider.edu/users/suler/psycyber/

Tappan, M. & Brown, L. (1989) Stories Told and L@ss Learned: Toward a Narrative
Approach to Moral Development and Moral Educatidarvard Educational Review, 59(2)
182-205.

Turkle, S. (1995)Life on the screen: Identity in the Age of thermét New York:

Simon & Schuster.
Turner, V. (1980). Social Dramas and Stories abtam. In W.J.T. Mitchell (Ed.On

Narrative Chicago: University of Chicago Press.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 49

Waters & Barrus, (1997). The rise of shared vireralironmentslEEE Spectrumpp:
20-25/

Wertlieb, D. (2001). Applied developmental sciente R. M. Lerner, M. A.
Easterbrooks, & J. Mistry. (EdsGomprehensive handbook of psychology: Develo@hent
Psychologyolume 6. New York: Wiley.

White, M & Epston, D, (1980Narrative means to therapeutic endew York: Norton.



Journal of Applied Developmental ScienceLawrence Erlbaum. Accepted for publication Vdl, No. 1 50

Footnotes
1. A safe space means that participants are peatéxt agreeing to sign a code of
conduct that sets a baseline of camaraderie apdeesnd by having a password
protected world, in the case of Zora, so only pgréints can be part of the virtual
community. This is particularly important given they engaging with ICE, youth are

invited to reflect about very personal issues saagkalues, beliefs and concepts of self.

2. In a graphical multi-user environment sevegdrs can interact with each other in real time
via the Internet. Users feel immersed in an aréfispace containing representations of data,

programs and other users.

3. In the summer workshop reported in this papgeok a child-centered perspective, therefore
the only cases to be discussed were those creatibe lyoung participants. However, in a
different type of experience, where the teachdaaiitator has a more active role, it might be

interesting to seed the Zora virtual city with qorersial cases to foster debate.

4. Data from surveys was only obtained in the tbirdly conducted within Porject Inter-

Actions. The first two pilot studies were explongto

5. The measures mentioned in this table can hadfoulLerner et al. 2005; Bers et al, 2003;

Bers et al, 2004.
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ICE
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\

Computational tools specifically
designed and implemented to
foster PYD

Technologically-rich environments
using already existing technologies
integrated with a PYD framewo

Figure 1: Two types of identity construction enviraments
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Figure 3. The RCX Lego programmable brick, and thecon-based RobolLab program
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Figure 4: A doll with two hands ready to give and eceive
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MEAN ST
Adults N DIF () DEV P-VALUE (b)
Competence 37 0.24 0.48 0.0046
confidence 37 0.14 0.54 0.1129
character 37 0.08 0.68 0.4739
connection 37 0.16 0.45 0.0363
caring 37 -0.05 0.86 0.7059
Children MEAN ST
N DIF () DEV P-VALUE (b)

competence 37 1.19 0.69 0.0000
confidence 37 0.43 0.52 <0.0001
character 37 0.73 1.56 0.0072
connection 37 -0.35 1.00 0.0416
caring 36 0.11 1.14 0.5627

(a) mean dif = mean score after the workshop — rseare before workshop
(b) Paired t-test

Table 1 shows scores on PYD components for parergsd children participating in a study within
Project Inter-Actions
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Adults

Building with Legos
Programming
Making robots

Children

Building with Legos
Programming
Making robots

N

37
37
37

36
37
37

MEAN DIF (¥)
-0.05
0.48
0.86

MEAN DIF (*)
-0.08
1.67
2.54

ST DEV
0.66
0.73
1.13

ST DEV
0.87
1.45
1.04

P-VALUE (*¥)

P-VALUE (**)

0.6237
0.0002

0.5710

(*) Difference = Score post workshop — score preksbop

Table 2: Adults and children perceived competencefger the workshop
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PYD Component

Definition

Zora's design features

Afforded activities

g & Ability to use and apply | « Authoring tools » Multiple modes of interaction
O 2 Technological | technologies in a fluent | « Programming (synchronous,
way to create projects, | environment asynchronous,textual, graphical
fluency communicate and expres « Youth as designers and
oneself programmers
Having and maintaining | « Communication » Support network
good relationships with |« Virtual spaces « Decision-making, self-
Connection peers and adults (health| « Support group organization
care professionals)
Personal integrity, « Heroes and Villains | ¢ Introspection
possessing a moral » Values dictionary « Abstract values and concrete
Character compass that effectively| « Values definitions
guides behavior « Virtual spaces » Models of identification
* Narratives » Perspective taking
* Representation identity
A sense of oneself as a |« Communication » Programming interactions for
person who can act « Zora’s creations and | objects
Confidence successfully participation over time | « Overall Zora experience
Having compassion and |« Communication ¢ On-line interactions
willingness to respond td « Virtual spaces « Community building
Caring needs and concerns of |« Cases

other individuals

Contribution

Orientation to contribute
to civil society

» Communication
« Virtual spaces

* Values dictionary
¢ Cases

 Decision-making, self-
organization

e Community building

« Participation

« Discussion

Figure 5: This table shows, for each of the six C'sf PYD, the Zora features and the on-line activigs they

promote.
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PYD Component

Definition

Project
Inter-actions curriculum

Afforded activities

Measures

§ Ability to use and appl' | « Designing (engineering |+ Youth as designerse Technological con-
@ | Technological technologies in a fluer | design process) builders and fluency scale
o way to create projects, |« Building (engineering programmers * Teacher’s
% Fluency communicate an concepts) * Youth as creators fechnological fluenc:
O EeXpress onese * Programming of their project’s assessme
« Web Design home pages e Content analysis of
designing, building an
rogramming proces
Having and maintaining « Brainstorming about e Parents and » Technological con-
good relationships with| culture children working fluency scale
Connection peers and adults (health. Choosing a project together « Teacher's assessment
care professionals) « Working together on the| ¢ Families the « Designing, building
project context of a and programming
community of * Interviews
practice + Video analysis
» Technology Circle | « Observations
Personal integrity, » Exploration of values  Discussions during| ¢« Content of final
possessing a moral « Creation of narratives for | the design process | products
Character compass that effectivel] the artifact « Discussions + Technological con-
guides behavior « Website creation. | fluency scale
e Self-reports of work
at home
* Observations
A sense of oneself as @ « Communication within * Discussions » Technological con-
person who can act and, between families  Technology circle | fluency scale
Confidence successfully « Final working product |« Design, creation |+ Observations
and programming « Video analysis
* Interviews
Having compassion an{ « Communication within » Technology circle |+ Technological con-
willingness to respond | and between families « Design, creation fluency scale
Caring to the needs of other | « Technology circle and programming | » Observations

individuals

 Video analysis
* Interviews

Contribution

Orientation to
contribute to civil
society

+ Communication within
and between families
« Diversity of projects

« Community
building and self-
organization

e Community of
practice

» Technological con-
fluency scale

* Observations
 Final projects

» Web sites analysis

* Interviews

Figure 6: This table shows, for each of the six C'sf PYD, the Project Inter-Actions features and advities

and the general measures used in the studies.



